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5 Plenary Speakers 

Giulia Galli (U. Chicago)
Georg Kresse (U. Vienna)
Steve Louie (UC Berkeley)
Ingrid Mertig (Martin Luther U., Halle)
Jörg Neugebauer (Max Planck, Düsseldorf)

30 Symposia with 160 invited speakers 

1. Thirty Years of Car-Parrinello (organized by Giulia Galli): Wanda Andreoni (EPFL, 
Lausanne), Christian Carbogno (Fritz Haber, Berlin), Michele Ceriotti (EPFL, Lausanne), 
Robert DiStasio (Princeton U.), François Gygi (UC Davis), Jürg Hutter (U. Zurich), Heather 
Kulik (MIT, Cambridge), Angelos Michelides (London Centre for Nanotechnology), Minoru 
Otani (U. Tokyo), and Annabella Selloni (Princeton U.)

2. GW and BSE (organized by Rex Godby, Lucia Reining): Silke Biermann (CPhT, 
Palaiseau), Antonnio Sanna (Max Planck, Halle), Francesco Sottile (ETSF, Palaiseau), and 
Mark van Schilfgaarde (King´s College, London)

3. f- electrons: “In memory of Walter Temmerman and his contributions to Psi-k and the 
electronic structure community” (organized by Olle Eriksson, O. Andersson, Paul Durham, 
Silke Biermann). Xi Dai (CAS, Beijing), Nicola Lanata (Rutgers U., Piscataway), Alexander 
Shick (FZU, Prague), Julie Staunton (U. Warwick, Coventry), and Leonid Pourovskii (CPhT, 
Palaiseau)

4. Correlated Electrons (organized by Markus Aichhorn, Silke Biermann, Massimo Capone, 
J. Kunes, and Eva Pavarini): Luca de´ Medici (ESRF, Paris), Gianluca Giovannetti (SISSA, 
Trieste), Andy Millis (Columbia U., New York City), Eva Pavarini (FZ, Jülich), Jan Tomczak 
(TU, Wien); Martin Eckstein (Max Planck, Hamburg), Philipp Hansmann (CPhT, Palaiseau), 
Alexey Rubtsov (Moscow State U.), Alessandro Toschi (TU, Wien)

5. Theoretical Spectroscopy (organized by Zeila Zanolli and Hubert Ebert): Peter Blaha 
(TU, Wien), Maurits Haverkort (Max Planck, Dresden), Jan Minar (LMU, Munich), Patrick 
Rinke (Aalto U., Esbo)

6. Recent Advances in Diagrammatic Methods for the Total Energy(organized by 
Kristian Thygesen, Patrick Rinke, Georg Kresse, Mark Hybertsen): Garnet Chan (Princeton 
U.), Andreas Görling (UEN, Erlanger), Fred Manby (U. Bristol), Thomas Olsen (TU Denmark, 
Lyngby), Xinguo Ren (UST China, Hefei)

7. Novel Density Functionals (organized by Robert Di Stasio, John Dobson, Wanda 
Andreoni): Florian Eich (UM, Columbia), Paola Gori-Giorgi (VU, Amsterdam), Per Hyldgaard 
(Chalmers UT, Göteborg), Karsten Jacobsen  (TU Denmark, Lyngby), Neepa Maitra (Hunter 
College, New York City), Alexandre Tkatchenko (Fritz Haber, Berlin)

8. Recent Developments in Density Matrix Functional Theory (organized by Nicole 
Helbig, Heiko Appel): Dieter Bauer (Rostock U.), Ralph Gebauer (ICTP, Trieste), Sangeeta 
Sharma (Max Planck, Halle)
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9. Density-Functional Theory for Coupled Matter-Photon Systems (organized by Heiko 
Appel and Michael Ruggenthaler): Heiko Appel (Max Planck, Hamburg) and Michael 
Ruggentaler (U. Innsbruck), Kay Dewhurst (Max Planck, Halle), Eberhard Engel (GU 
Frankfurt), Ivano Tavernelli (EPFL, Lausanne), Robert van Leuuwen (JYU, Jyväskylä)

10. Applications of Quantum Monte Carlo Methods (organized by Matthew Foulkes): Ali 
Alavi (U. Cambridge), Ethan Brown (RPI, Troy), Ronald Cohen (CIW, Washington, D.C.), Elif 
Ertekin (UI, Urbana-Champaign), Leonardo Guidoni (USA, L’Aquila), Sandro Sorella (SISSA, 
Trieste), Shiwei Zhang (CWM, Williamsburg), Lucas Wagner (UI Urbana-Champaign)

11. Upscaling Electronic Structure: Reduced-Scaling and Multi-Scale Methods (organized 
by Peter Haynes, Volker Blum, Stefan Goedecker, Javier Junquera, Karsten Reuter, Jorg 
Neugebauer, Matthias Scheffler, Mike Finnis):Daniel Berger (UC Los Angeles), Luigi 
Genovese (CEA, Grenoble), Lin Lin (UC Berkeley), Cedric Weber (King´s College, London); 
Bill Curtin (Brown U., Providence), Karsten Reuter (TU Munich), Dallas R. Trinkle (UI Urbana-
Champaign) 

12. Spin-Orbit Coupling Effects in First-Principles Quantum Transport (organized by 
Ingrid Mertig, Paul Kelly, David Vanderbilt): Frank Freimuth (F. Jülich), Martin Gradhand (U. 
Bristol), Diemo Koedderitzsch (LMU, Munich), Qian Niu (UT Austin), Jairo Sinova (JGU, 
Mainz), and Zhe Yuan (JGU, Mainz)

13. Magnetic excitations and magnetization dynamics (organized by Ingrid Mertig, 
Stefan Blugel, Olle Eriksson): Marco Battiato (U. Wien), Hardy Gross (Halle), Johannes 
Lischner (UC Berkeley), and Samir Lounis (JGU, Mainz)

14. Chiral Magnetism (organized by Stefan Blugel): Stefan Heinze (U. Kiel), Yuriy 
Mokrousov (F. Jülich), Manuel Pereiro (Uppsala U.), Laszlo Udvardi (Budapest U.)

15. First-Principles Calculations for Multiferroics and Magnetoelectrics (organized by 
Nicola Spaldin, Silvia Picozzi): Eric Bousquet (U. Liege), Lars Nordstrom (Uppsala U.), 
Massimiliano Stengel (CSIC, Barcelona)

16. Ab Initio Statistical Mechanics (organized by Luca Ghiringhelli, Matthias Scheffler, 
Berand Smit): Tilmann Hickel (Max Planck, Düsseldorf); Roberto Car (Princeton U.) and Olle 
Hellman (Linköping U.); Alessandro da Vita (King´s College, London) and Ralf Drautz (RU 
Bochum); George Booth (U. Cambridge)

17. Topological Insulators (organized by David Vanderbilt, Ingrid Mertig): Irene Aguilera 
(F. Jülich, Germany), Kevin Garrity (NIST, Washington, D.C.), Jürgen Henk (F. Jülich), 
Junwei Liu (MIT, Cambridge)

18. Electrochemical Energy Storage and Conversion: Solid/Liquid Interfaces (organized 
by Marialore Sulpizi, Marie-Pierre Gaigeot, Axel Gross, Marie-Liesse Doublet (U. Montpelier), 
Adam Foster (Aalto U., Esbo); Axel Gross (Aachen U.), Kevin Leung (Sandia National 
Laboratories, Albuquerque), Michiel Sprik (U. Cambridge), Mira Todorova (Max Planck, 
Düsseldorf), Enge Wang (CAS, Beijing)

19. Materials Design (organized by Nicola Marzari): Thomas Bligaard (Denmark TU, 
Lyngby), Richard Needs (U. Cambridge), Georg Madsen (ICAM Bochum), David Vanderbilt 
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(Rutgers U., Piscataway) and Chris Wolverton (Northwestern U., Evanston); Kristin Persson 
(Linköping U.) and Giovanni Pizzi (EPFL, Lausanne)

20. Machine Learning Methods in Materials Modeling (organized by Gabor Csanyi and 
Alex Tkatchenko): Jörg Behler (RU Bochum), Gabor Csanyi (U. Cambridge), Luca Ghiringhelli 
(Fritz Haber, Berlin), and Anatole von Lilienfeld (U. Basel)

21. Hybrid Photovoltaic Materials (organized by Wanda Andreoni): Feliciano Giustino (U. 
Oxford), Andrew Rappe (UPenn, Philadelphia), and Paolo Umari (U. Padova)

22. Electron Phonon Coupling and Thermoelectricity (organized by Christian Carbogno, 
Nicola Marzari, Matthieu Verstraete, Claudia Draxl, George): Lilia Boeri (Max Planck, Graz), 
Nicola Bonini (King´s College, London), Claudia Draxl (Humboldt U., Berlin), and Gianni 
Profeta (U. L’Aquila)

23. Ultrafast Charge Transfer at the Nanoscale (organized by Stefan Kurth, Robert van 
Leeuwen, Gianluca Stefanucci): Oleg Prezdho (U. Rochester), and Carlo Rozzi (U. Modena)

24. Non-Linear Optics of Materials and Nanoplasmonics (organized by Elisa Molinari, 
Risto Nieminen, Claudio Attacalite, Myrta Gruning, V. Venard):Stefano Corni (U. Modena), 
Pablo García (with FJ García Vidal) (UAM, Madrid), Alberto Castro (FU Berlin), Stefano 
Ossicini (U. Modena), Kazuhiro Yabana (U. Tsukuba)

25. Novel 2D Materials and Heterostructures (organized by Kristian Thygesen, Stefano 
Sanvito, Paul Kelly, Nicola Marzari, Adam Kiejna): Geert Brocks (U. Twente), Matteo 
Calandra (UPMC, Paris), Mei-Yin Chou (GA Tech, Atlanta), Arkady Krasheninnikov (U. 
Helsinki), Tony Low (UMN, Minneapolis), Esa Räsänen (Tampere UT)

26. Modeling of Defect Levels (organized by Chris van de Walle): Audrius Alkauskas 
(CPST, Vilnius), Hannu-Pekka Komsa (U. Helsinki), Sergey Levchenko (Fritz Haber, Berlin), 
Alfredo Pasquarello (EPFL, Lausanne)

27. Transport Properties (organized by Kiyo Terakura, Hardy Gross, Feng Yuang 
Ping): Stefan Kurth (UPV/EHU, Donostia-San Sebastián), Jeff Neaton (UC Berkeley), 
Giovanni Vignale (UM Columbia), Chun Zhang (NU Singapore)

28. Matter Under Extreme Conditions (organized by Hardy Gross, Angel Rubio): Dario 
Alfe (U College London), Kieron Burke (UC Irvine), Yanming Ma (JLU, Jilin)

29. Electronic Structure Theory for Biophysics (organized by Carsten Baldauf, Leonardo 
Guidoni and Gerrit Groenhof): Carsten Baldauf (Fritz Haber, Berlin), Jochen Blumberger (U. 
College London), Daniele Bovi (SU Rome), Ville Kaila (TU Munich), Johannes Neugebauer 
(WWU, Munster), Ursula Röthlisberger (EPFL, Lausanne)

30. SPECIAL SESSION Ψk Volker Heine Young Investigator Award. 5 invited talks of the 
finalists selected from the award applicants: Andreas Grueneis (Vienna, Cambridge and 
Stutgart), Fabio Caruso (FHI and Oxford), Ion Errea (Donostia and UPMC), Marco Bernardi 
(MIT and Berkeley), Johanna Fuks (Donostia and Hunter College)



Ψk-2015

 General  Informat ion 11

WELCOME TO THE PSI-K 2015 CONFERENCE!

The Psi-k 2015 Conference is the fifth in a series started in 1996 by the European electronic 
structure community. Every five years, this conference brings together the global community 
that is active in the science of electronic structure and properties of condensed matter. The 
conference is organized and supported by the Psi-k Network, and its programme covers 
both the fundamental and theoretical aspects of electronic structure calculations, 
computational methods and tools, in addition to applications to fundamental scientific and 
industrial and societal challenges. The application areas of electronic property calculations 
range from condensed matter and materials physics to nanoscience, chemistry, geophysics 
and biology, the design and discovery of novel materials, their properties, and their 
performance in devices (that is, to harvest, store, and convert energy) and to engineer new 
states of matter to advance fundamental and applied sciences.

The Ψk-2015 conference will take place in San Sebastian, Spain, from September 6 to 10. 
Event registration takes place on Sunday, September 6th at 5:00 p.m., and the first scientific 
talk is scheduled for Monday, September 7 at 8:30 a.m. The program ends on Thursday, 
September 10 after lunch. The conference will be held at the Kursaal event centre, which is 
situated by the Bay of Biscay. Information about conference and travel logistics can be found 
in this site.

The conference program will be structured around plenary sessions, symposia and topical 
sessions, which are assembled by the Programme Committee with input from the Psi-k 
Steering Group and the Psi-k Working Groups.

Ψk-2015 aims to foster scientific exchange and outreach. With more than 1200 participants 
expected, it will be a key event in the field, offering an intensive but enjoyable atmosphere 
in addition to a chance to explore the coastal city of San Sebastian.

We look forward to an exciting conference and to seeing you in San Sebastian. 

With best wishes, 

 Angel Rubio Risto Nieminem Peter Dederichs - Volker Heine 
 (Conference Chair) (Co-Chair) (Honorary Chairs)
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Ψk Volker Heine Young Investigator Award

For excellence in research involving electronic structure calculations 

The purpose of the Ψk Volker Heine Young Investigator Award is to recognize an individual 
for her or his outstanding computational work in any type of condensed-matter, materials, or 
nanoscience research involving electronic structure calculations. In 2015 there will be one 
award of 2500 Euro and four runner-up prizes of 500 Euro each.

Regulations and Procedure 

1)  Applicants may be of any nationality working anywhere in the world.
2)  The applicant’s PhD certificate must not be dated more than 5 years before the first day 

of the Psi-K Meeting 2015 (i.e., no earlier than 5. September 2010). Those who have not 
yet completed a PhD can also apply.

3)  Young investigators who wish to compete for the Ψk Volker Heine Young Investigator 
Award 2015 must submit:

 • An abstract (in the format of the abstracts for the conference)
 • A two-page description making the case for her/his outstanding scientific contribution
 • An extended CV (incl. list of publications and talks/posters)
 • Evidence of satisfying the conditions of regulation (2) above. 
  These items must be submitted by email, as a pdf attachment, to the chairperson of 

Psi-k.org whose address is given below. It must not be received later than May 8, 2015. 
The abstract must also be submitted as a regular contribution to the Psi-K Meeting 
following the standard procedure.

4)  The candidate must arrange for two confidential support letters to be sent directly to the 
Ψk chairperson (see below). These letters (sent by email) must be received before May 
8, 2015. One of the letters must certify that the candidate meets the requirements of 
regulations (2) above.

5)  The award committee will select five finalists who will get an invitation to present their 
work at the Psi-K Meeting (25 min. talk + 5 min. discussion). After these presentations, 
the award committee will select the award winner.

6)  The award winner will receive her or his award of 2500 Euro and the four runner-up their 
prizes of 500 Euro each, together with a certificate, at a presentation on the Psi-k Scientific 
Get-Together during the conference.

Prize Committee 

The prize committee will consist of Risto Nieminen (chair), Matthias Scheffler, Nicola Marzari, 
and the five plenary speakers of Psi-k2015 (Giulia Galli, Georg Kresse, Steve Louie, Ingrid 
Mertig, and Jörg Neugebauer). The chairman can be reached at risto.nieminen@aalto.fi 

Sponsors 

mailto:risto.nieminen@aalto.fi
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General Information

Organization 

Angel Rubio (Chair)
Risto Nieminen (Co-Chair)

Technical Secretariat – ERCISA P.C.O.:
Nerea Ortiz de Pinedo / Izaskun Ardanaz
Telesforo Aranzadi 2 - 1 Dcha
48008 Bilbao - Bizkaia
 +34 944 212 705
 ercisa@ercisa.com
www.ercisa.com 

Abstracts booklet + program logistics

Stefan Kurth, Ilya Tokaty and Roberto D’Agosta

Committee Meetings and Invitations

Kate Chabarek

Finances and Conference site, logistic

Izaskun Ibarbia

Assistance with hotels, visa etc (particularly for invited speakers)

Cecilia Benguria

Venue 

Kursaal Congrees Centre 
Avda. de Zurriola, 1
20002 Donostia/San Sebastián
 +34 943 00 30 00

Conference Homepage 

http://nano-bio.ehu.es/psik2015/index.html 

Registration Counter (during the meeting) 

Sunday, September 6, 2015. 5:00 p.m. - 9:00 p.m. 
Monday, September 7, 2015. 8:30 a.m. - 10:00 p.m.  
Tuesday, September 8, 2015. 8:30 a.m. - 10:00 p.m. 
Wednesday, September 9, 2015. 8:30 a.m. - 7:00 p.m. 
Thursday, September 10, 2015. 8:30 a.m. - 1:30 p.m.

http://maps.google.es/maps?f=q&source=s_q&hl=es&geocode=&q=ercisa+Telesforo+Aranzadi+2+-+1+Dcha%A0+|+%A048008+Bilbao+-+Bizkaia&aq=&sll=40.396764,-3.713379&sspn=12.710384,19.995117&vpsrc=6&ie=UTF8&hq=ercisa+Telesforo+Aranzadi+2+-+1+Dcha%A0+|+%A048008+Bilbao+-+Bizkaia&hnear=&radius=15000&ll=43.261394,-2.935066&spn=0.002969,0.004882&t=m&z=18&cid=3485121316143105618&iwloc=A
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Public Transportation 

The Ψk-2015 conference will be held at The Kursaal Congress Centre, located in San 
Sebastián, Spain (the administrative capital of Gipuzkoa, one of the three provinces making 
up the Basque Autonomous Community). The building is easily reachable on foot and by 
public transportation (Boulevard station).

Registration 

Only registered participants will be allowed to participate in the conference.

Fees and deadlines

• Registration before May 15, 2015: 450 EUR.
• Registration on or after May 15, but before August 24: 525 EUR.
• On-site registration: 575 EUR.

Payments should be made by bank transfer, such that ANY possible fees are covered by the 
participant. Any fees deducted on our end must be paid in cash upon registration. PAYPAL 
payments have a charge of 20 EUR which must be paid in cash upon registration

Please note that the conference participation (excluding exemption of payment) is only 
possible after having registered and paid the registration fee completely. Should the money 
not be credited in time (in case of bank transfer) the participant is required to pay the 
outstanding amount on-site (cash only) in order to get access to the conference.

All on-site payments to the conference (full on-site registration, missing partial registration 
fee amounts, etc.) must be made in cash. In particular, we are unable to accept any credit 
card payments.

The conference fee covers:
Entrance to the entire 2015 Psi-K program, including all meals, coffee breaks, reception and 
the outing.
Conference material.
Psi-k Membership.
Childcare service.

Liability 

The organizers reserve the right to make changes to the program, social program and of all 
other information provided. Neither the organizers nor the Technical Secretariat, Ercisa, are 
liable for any losses, accidents or damage to persons or objects, regardless of the cause. 
Participants and accompanying persons are attending the congress and all accompanying 
events at their own risk and responsibility.

Cancellation

Cancellations have to be made to the Technical Secretariat, Ercisa, in writing only. In case 
of cancellation of a full participation until August 1, 2015 the full registration fee (minus any 
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bank transfer fees) can be refunded. After August 1, 2015 only 50% can be refunded. Please 
note that any bank transfer charges will be deducted from the amount, i.e., the participant 
has to pay the bank transfer charges.

Oral presentation

The conference language is English. All lecture rooms will be equipped with standard 
audiovisual equipment, including an LCD projector, a switch to connect different laptops 
simultaneously for all session speakers, microphones, pointers, etc. Each session will be 
presided over by a session chair whose task it is to ensure that all talks begin and end on 
time, and that sufficient time remains for discussion. Invited speakers are asked to use 25 
minutes for their talk and 5 minutes for questions and Contributed speakers are asked to use 
12 minutes for their talk and 3 minutes for questions.

Posters

All abstracts contributed to Ψk-2015 will be presented at poster sessions during the 
conference. The poster format will be 90 cm wide x 120 cm high.

Please place your poster on the poster board reserved for you. Your poster number can be 
found in the abstract book. The format of the poster boards is 90cm (width) x120cm (height). 
All posters should be on their designated board on Monday, September 7 or Tuesday, 
September 8, as early as possible, but no later than 1:00 p.m. Please remove your poster 
from the board by 8:00 a.m. the following day (at the latest). Authors should be at their 
posters from 6:30 p.m. to 09:30 p.m. Material for mounting the posters will be provided at the 
registration desk. Other material must not be used. Posters that have not been taken down 
by September 10, 2015 will be disposed of (unfortunately).

Internet 

Free WLAN access with your own laptop or smart phone will be available from Sunday to 
Thursday. WLAN: KURSAAL Username: psik, Password: 2015

Food and Beverages

Coffee, tea, and mineral water will be offered at 3 places in the Kursaal between 8:30 a.m. 
and late afternoon. Lunch (12:00 a.m.–3:00 p.m.) will be served at the Banquet Hall and 
Auditorium Foyer. Dinner (6:30 p.m. – 10:00 p.m.) is available in the Kursaal at the poster 
area.
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Sitemap

A. Conference Venue: Kursaal Congress Centre
B. San Telmo Museum
C. Aquarium
D. Tourism Information Office
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The Ψk 2015 Conference Gala Dinner

Where? 

SAN TELMO MUSEUM
Plaza Zuloaga 1
20003 Donostia – San Sebastián
Telephone: (00 34) 943 48 15 80

AQUARIUM
Plaza de Carlos Blasco Imaz, 1, 20003 
Donostia-San Sebastián, Guipúzcoa
Telephone: (00 34) 943 44 00 99

When? 

Be there at 8:30 p.m. (if you want food…)

What? 

Eat & drink 
Hang out 

Getting there: 

Both Venues are easily reachable on foot from Alderdi Eder Plaza. 
City Buses: 5, 8, 9, 13, 16, 18, 21, 25, 26, 26, 28, 29, 31, 42

Getting home: 

The Public Bus Service finishes at 11:30 p.m. 
Taxi Company will be available on this number: +34 943 46 46 46
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PLENARY  TALK SYMPOSIUM   INVITED  TALK CONTRIBUTED  TALK POSTER  SESSION

Monday, September 7, 2015

TIME AUDITORIUM (1.806) CHAMBER HALL (624) ROOM 1+2+3 (575) ROOM 10 (169) ROOM 4+5 (110) ROOM 8+9 (100) TIME

15:15 15:15

16:15 16:15

S20 C1 Felipe Canova. 
Molecular Network for 
Lubricant Optimisation

S9 C3 Camilla Pellegrini. 
Optimized Effective Potential 
for Quantum 
Electrodynamical Time-
Dependent Density-
Functional Theory 

17:30

17:45 17:45

DINNER AND POSTER SESSION 1

S7 I2 Florian Eich. 
Noncollinear 
magnetism in Spin-
Density-Functional 
Theory

13:00

9:45

10:00

Plenary 1
Giulia Galli

S1 Thirty Years of Car-
Parrinello. 
Michiel Sprik. Giulia Galli.
S1 I1 Christian Carbogno. 
Accurate Thermal 
Conductivities from First 
Principles

S1 C1 Marivi Fernandez-Serra. 
First Principles Liquid Water: the 
quest for the perfect density 
functional

10:15

9:15

11:00

13:45

14:00

14:15

Plenary 2 
Ingrid Mertig. Transversal 
transport coefficients and 

topological properties

LUNCH

14:45

14:30

15:00

10:30

S1 C4 Marco Cazzaniga. Ab-
initio molecular dynamics 
simulation of polaron- and 
exciton-OLED degradation

11:30

13:30

S1 I3 Wanda Andreoni. 
Capture of CO2 in Amine 
Aqueous Solutions: 
Insights from Ab
Initio Molecular Dynamics. 

S1 I2 Robert DiStasio. The 
Microscopic Structure, 
Equilibrium Density, and 
Local Enviroment of Liquid 
Water

S1 C3 Francesco Ambrosio 
Electronic Structure and Redox 
Levels of Liquid Water: Effect of 
Non-Local van der Waals 
Interactions and Hybrid 
Functionals

12:30

12:45

13:15

S22 I3 Claudia Draxl. 
Aspects of electron-
vibrational coupling in 
electronic-structure 
theory

S19 C2 Christoph Schober. 
Efficient first-principles based 
screening for high charge 
carrier mobility in organic 
crystals 

Welcome

S19 I1  Kristin Persson. 
The Materials Project: 
Accelerated Materials 
Design in the 
Information Age

10:45

S19 I2 Giovanni Pizzi. The 
ADES model and the 
AiiDA infrastructure for 
Computational Materials 
Science

9:30

8:45

S1 C2 Federica Agostini.  Electronic 
structure and redox levels of 
liquid water: effect of non-local 
van der Walls interactions and 
hybrid functionals

9:00

S19 I3 Richard Needs. 
Structure searching and 
anharmonic
vibrations

12:00

11:15

11:45

S19 I4 Georg Madsen 
High-throughput search 
for efficient 
thermoelectrics

S19 Materials Design.
Nicola Marzari

S19 C1 Stefaan Cottenier. 
Bringing DFT codes back to 
the testbench: what did we 
learn? 

12:15
S1 I4 François Gygi. 
Verification and Validation 
of First-Principles 
Molecular Dynamics
Simulations

S7 I1 Neepa Maitra. 
Time-Dependent 
Density Functional 
Theory For Non-
Equilibrium Dynamics: 
An Exact Condition

S13 I2 Hardy Gross. 
Ultrafast laser-induced 
demagnetization of 
ferromagnetic solids 

S13 Magnetic Excitation 
and Magnetization 

Dynamics
Stefan Blügel

S22 Electron Phonon 
Coupling and 

Thermoelectricity.
Georg Madsen

Sandip Bhattacharya
S22 I1 Lilia Boeri. 
Bonding, Electron-
Phonon Interaction and 
Superconductivity in 
high-pressure hydrides

S13 C1 Christoph Friedrich. 
Acoustic magnons in the long-
wavelength limit: resolving the 
Goldstone violation in many-
body perturbation theory 

S22 C2 Roman Kovacik. Spin 
transport and spin-caloric 
effects in (Cr, Zn)Te half-
metallic nanostructures: Effect 
of spin disorder at elevated 
temperatures from first 
principles

S22 I2 Nicola Bonini. 
Thermoelectric 
properties from first-
principles: electron-
phonon interactions and 
the Boltzmann transport 
equation

S7 C1 Paul Erhart.  A 
variational polaron self-
interaction corrected total-
energy functional for charge 
excitations in insulators

S7 C2 Ute Werner. Local 
versus Non-Local Exact 
Exchange in Hybrid 
Functionals  

S13 C3 Leonid Sandratski. 
Exchange splitting of surface 
and bulk electronic states in 
excited magnetic states of Gd: 
relation to femtosecond-scale 
pump-probe experiments.

S13 C4 Ehsan Barati. Calculation 
of Gilbert damping and 
nonadiabatic spin-transfer 
torque in 
magnetic nanostructures 

9:15

9:30

11:00

11:15
S18 C2 Giuseppe Fisicaro.  A 
Generalized Poisson and 
Poisson-Boltzmann solver in 
wet-environments electronic-
structure calculations 

10:15

10:30

S18 I2 Adam Foster. 
Probing molecular 
processes at water-
insulator interfaces

S7 Novel Density 
Functionals.

John Dobson. Robert 
DiStasio

9:45

S13 C2 Jacopo Simoni.  Ultrafast 
magnetism within Time 
Dependent Density Functional 
Theory 

10:45

10:00

S18 I1 Marie-Liesse 
Doublet. Interface 
Electrochemistry in Li-
Materials: A First Step 
towards Multiscale 
Modeling

S13 I1 Marco Battiato. 
Ultrafast spin injection in 
semiconductors

S22 C1 Yannick Gillet. First-
principles study of frequency-
dependent Resonant Raman 
scattering

8:45

9:00

12:45

13:30

13:45

12:00

12:15

11:30

11:45

S18 C1 Javier Carrasco.  Ion 
insertion into layered 
transition metal oxides for 
batteries: Insight from van der 
Waals density functional 

S18 Electrochemical 
Energy Storage and 

Conversion: Solid/Liquid 
Interfaces

Axel Gross. Marialore 
Sulpizi

S18 C3 Anoop Kishore Vatti. 
Formation Energy of Halide 
ions (Cl/Br/I) in water from ab-
initio Molecular Dynamics 

14:30

15:00

14:45

14:00

13:15

13:00

12:30

14:15

LUNCH

15:45

S7 I4 Per Hyldgaard. On 
the general-purpose 
nature of van der 
Waals density 
functionals

S9 I2 Kay Dewhurst. Kohn-
Sham equations for 
ground state and time-
dependent density 
functional theory of 
quantum electrodynamics

S1 I6 Heather Kulik. 
Challenges and advances 
for accurate large-scale 
electronic structure and 
dynamics

15:30

S14 C2 Alessandro Stroppa. 
First-principles approach  to 
M-nitronyl nitroxide (M = Co, 
Mn) spin helices  

S14 C1 Takashi Koretsune. 
First-principles study of DM 
interaction in Mn1-xFexGe

S19 I5 Thomas Bligaard. 
Computational catalyst 
search and validation 

16:00

S1 I5 Jürg Hutter. MP2 and 
RPA calculations of liquid 
water

S14 Chiral Magnetism
Stefan Blügel
S14 I1 Stefan Heinze. 
Tailoring magnetic 
skyrmions at transition-
metal inter faces

S9 DFT for Coupled 
Matter-Photon Systems
Heiko Appel
S9 I1 Heiko Appel, Michael 
Ruggentaler. Quantum 
Electrodynamical Density-
Functional Theory: An 
approach to the time-
dependent matter-photon 
problem

S14 I3 Manuel Pereiro. 
Topological excitations 
in a chiral kagome 
magnet

S7 I3 Paola Gori-Giorgi. 
Functionals from the 
strong-coupling limit of 
DFT: promises and 
challenges

S20 I2 Anatole von 
Lilienfeld. Machine 
Learning Methods for the 
Rapid Yet Accurate 
Sampling of Chemical 
Compound Space 

S14 I2 Yuriy Mokrousov. 
Berry phase effects in 
chiral magnets
from first-principles 
theory

S19 I7 Chris Wolverton. 
Materials Genome 
Approach to 
Computational Design of 
Nanostructured 
Thermoelectrics 

S7 I5 Karsten Jacobsen. 
Bayesian Error 
Estimation Functionals

S7 I6 Alexandre 
Tkatchenko. Quantum 
Fluctuations and Non-
Covalent Interactions 
in Density-Functional 
Theory

S19 I6 David Vanderbilt. 
Theoretical search for 
realizations of the 
quantum anomalous Hall 
state 

S1 I10. Annabella Selloni. 
Electrons and holes at the 
TiO2  water interface

16:30

S1 C5 Igor Poltavsky. 
Converged Nuclear 
Quantum Statistics from 
Semiclassical Path Integral 
Molecular Dynamics

18:45

S1 I7 Michele Ceriotti. 
Generalized Langevin 
Equations: Fine-tuning 
Molecular Dynamics from 
Car-Parrinello, to Efficient 
Sampling, to Quantum 
Effects

S1 I9. Minoru Otani. 
Electrochemical systems 
simulated by First-
principles molecular 
dynamics simulations

 S1 C7. Bernd Meyer. Proton 
transfer dynamics at the 
solid/liquid interface

17:30

S9 I5 Ivano Tavernelli. 
Nonadiabatic dynamics 
with relativistic effects

LUNCH LUNCH

S19 C5 Federico Calle-Vallejo. 
Fast and rational design of 
multifaceted catalysts by 
means of structure-sensitive 
scaling relations

S9 C2 Johannes Flick. Kohn-
Sham Approach to Cavity QED: 
Exact vs. Approximate Effective 
Fields 

S9 C4 Walter Tarantino. 
Extended Kohn-Sham Systems 
for Quantum 
Electrodynamical Time-
Dependent Density 
Functional Theory

S20 C2 Thomas 
Hammerschmidt . Robust crystal-
structure prediction with 
structure maps 

S20 Machine Learning 
Methods in Materials 
Modeling 
Gabor Csanyi. Alexandre 
Tkatchenko
S20 I1 Luca Ghiringhelli. 
Learning descriptors from 
(big) data: robustness and 
causality 

S7 C5 Peter Elliott. Almost 
exact exchange at almost no 
computational cost

S7 C4 Kati Finzel. Shell 
structure based 
functionals for the 

S18 I6 Enge Wang.
Water Study at Surface 
and Interface

S1 C6. Biswajit Santra. 
Predicting anomalous 
properties of water using ab 
initio molecular dynamics

S9 I4 Robert van Leuuwen. 
Kadanoff-Baym 
equations for time-
dependent coupled 
electronboson
systems 

S14 I4 Laszlo Udvardi. 
Finite temperature 
behavior of spin-spirals 
and skyrmions

S14 C4 Manuel dos Santos 
Dias. Spin dynamics of spin-
orbit coupled dimers on 
Pt(111) 

S18 I5 Mira Todorova. 
Electrochemistry from 
the perspective of
semiconductor defect 
chemistry: New tools 
and insights

S18 C6 Guido von Rudorff. 
Structure and charge transfer 
at the hematite(001)-water 
interface from all-QM DFT 
molecular dynamics

22:00

S1 I8 Angelos Michelides. 
Water at interfaces and other 
hydrogen bonded systems – 
insight from ab initio 
molecular dynamics

18:15

18:00

16:45

17:15

17:00

Dinner will be available between 18:30 and 22:00. 
Posters should be up not later than 13:00. 

Authors are expected at their posters between 18:30 and 21:30.

18:30

S18 I7 Kevin Leung. 
Modeling the Voltage 
Dependence of 
Electrochemical Reactions 
at Solid-Solid and Solid-
Liquid Interfaces in 
Batteries

17:00

17:15

S19 C6 Boris Kozinsky. 
Design and screening of 
ionic and electronic 

S7 C3 Rickard Armiento. 
The AK13 exchange 
functional and beyond  

S9 I3 Eberhard Engel. 
Electron-Photon Coupling 
in Stationary Relativistic 
DFTS14 C3 Maia Vergniory.  Spin-

texture induced by oxygen 
vacancies in SrTiO3 (001) 
surface by first-principles 

S18 C5 Tilde Cucinotta.  The 
electrostatic double layer of 
Pt/water interfaces from first 
principles molecular dynamics

S18 I4 Michiel Sprik. 
Supercell modelling of 
charged oxide 
electrolyte interfaces 

S9 C1 Mehdi 
Farzananehpour. Quantum 
electrodynamical time 
dependent density-functional 
theory for many-electron 
systems on a lattice

16:00

S18 I3 Axel Gross. 
Structure of 
electrochemical 
interfaces for energy 
storage studied from 
first principles

16:30

16:45

15:45

15:30

S18 C4 Philipp Pedevilla.  Ab 
initio molecular dynamics 
simulations of the water 
feldspar interface  

22:00

18:45

18:15

18:00

18:30

S13 I4 Samir Lounis. 
Dynamical magnetic 
excitations of itinerant 
nanomagnets

S22 I4 Gianni Profeta. 
Prediction of Electron-
Phonon driven 
superconductivity: some 
examples

S13 I3 Johannes Lischner. 
First-principles theory of 
electron-spin fluctuation 
interactions in materials

S19 C3 Thomas Archer. Which 
Heusler Alloy distorts? 

S19 C4 Maximilian Amsler. 
Novel low-density silicon 
allotropes for photovoltaic 
applications

LUNCH

LUNCH

S22 C4 Kurt Stokbro. Electron-
phonon interactions from first-
principles in bulk- and device 
structures 

S22 C3 Matthieu Verstraete. 
There is no such thing as a 
simple metal
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TIME AUDITORIUM (1.806) CHAMBER HALL (624) ROOM 1+2+3 (575) ROOM 10 (169) ROOM 4+5 (110) ROOM 8+9 (100) TIME

15:15 15:15

16:15 16:15

S20 C1 Felipe Canova. 
Molecular Network for 
Lubricant Optimisation

S9 C3 Camilla Pellegrini. 
Optimized Effective Potential 
for Quantum 
Electrodynamical Time-
Dependent Density-
Functional Theory 

17:30

17:45 17:45

DINNER AND POSTER SESSION 1

S7 I2 Florian Eich. 
Noncollinear 
magnetism in Spin-
Density-Functional 
Theory

13:00

9:45

10:00

Plenary 1
Giulia Galli

S1 Thirty Years of Car-
Parrinello. 
Michiel Sprik. Giulia Galli.
S1 I1 Christian Carbogno. 
Accurate Thermal 
Conductivities from First 
Principles

S1 C1 Marivi Fernandez-Serra. 
First Principles Liquid Water: the 
quest for the perfect density 
functional

10:15

9:15

11:00

13:45

14:00

14:15

Plenary 2 
Ingrid Mertig. Transversal 
transport coefficients and 

topological properties

LUNCH

14:45

14:30

15:00

10:30

S1 C4 Marco Cazzaniga. Ab-
initio molecular dynamics 
simulation of polaron- and 
exciton-OLED degradation

11:30

13:30

S1 I3 Wanda Andreoni. 
Capture of CO2 in Amine 
Aqueous Solutions: 
Insights from Ab
Initio Molecular Dynamics. 

S1 I2 Robert DiStasio. The 
Microscopic Structure, 
Equilibrium Density, and 
Local Enviroment of Liquid 
Water

S1 C3 Francesco Ambrosio 
Electronic Structure and Redox 
Levels of Liquid Water: Effect of 
Non-Local van der Waals 
Interactions and Hybrid 
Functionals

12:30

12:45

13:15

S22 I3 Claudia Draxl. 
Aspects of electron-
vibrational coupling in 
electronic-structure 
theory

S19 C2 Christoph Schober. 
Efficient first-principles based 
screening for high charge 
carrier mobility in organic 
crystals 

Welcome

S19 I1  Kristin Persson. 
The Materials Project: 
Accelerated Materials 
Design in the 
Information Age

10:45

S19 I2 Giovanni Pizzi. The 
ADES model and the 
AiiDA infrastructure for 
Computational Materials 
Science

9:30

8:45

S1 C2 Federica Agostini.  Electronic 
structure and redox levels of 
liquid water: effect of non-local 
van der Walls interactions and 
hybrid functionals

9:00

S19 I3 Richard Needs. 
Structure searching and 
anharmonic
vibrations

12:00

11:15

11:45

S19 I4 Georg Madsen 
High-throughput search 
for efficient 
thermoelectrics

S19 Materials Design.
Nicola Marzari

S19 C1 Stefaan Cottenier. 
Bringing DFT codes back to 
the testbench: what did we 
learn? 

12:15
S1 I4 François Gygi. 
Verification and Validation 
of First-Principles 
Molecular Dynamics
Simulations

S7 I1 Neepa Maitra. 
Time-Dependent 
Density Functional 
Theory For Non-
Equilibrium Dynamics: 
An Exact Condition

S13 I2 Hardy Gross. 
Ultrafast laser-induced 
demagnetization of 
ferromagnetic solids 

S13 Magnetic Excitation 
and Magnetization 

Dynamics
Stefan Blügel

S22 Electron Phonon 
Coupling and 

Thermoelectricity.
Georg Madsen

Sandip Bhattacharya
S22 I1 Lilia Boeri. 
Bonding, Electron-
Phonon Interaction and 
Superconductivity in 
high-pressure hydrides

S13 C1 Christoph Friedrich. 
Acoustic magnons in the long-
wavelength limit: resolving the 
Goldstone violation in many-
body perturbation theory 

S22 C2 Roman Kovacik. Spin 
transport and spin-caloric 
effects in (Cr, Zn)Te half-
metallic nanostructures: Effect 
of spin disorder at elevated 
temperatures from first 
principles

S22 I2 Nicola Bonini. 
Thermoelectric 
properties from first-
principles: electron-
phonon interactions and 
the Boltzmann transport 
equation

S7 C1 Paul Erhart.  A 
variational polaron self-
interaction corrected total-
energy functional for charge 
excitations in insulators

S7 C2 Ute Werner. Local 
versus Non-Local Exact 
Exchange in Hybrid 
Functionals  

S13 C3 Leonid Sandratski. 
Exchange splitting of surface 
and bulk electronic states in 
excited magnetic states of Gd: 
relation to femtosecond-scale 
pump-probe experiments.

S13 C4 Ehsan Barati. Calculation 
of Gilbert damping and 
nonadiabatic spin-transfer 
torque in 
magnetic nanostructures 

9:15

9:30

11:00

11:15
S18 C2 Giuseppe Fisicaro.  A 
Generalized Poisson and 
Poisson-Boltzmann solver in 
wet-environments electronic-
structure calculations 

10:15

10:30

S18 I2 Adam Foster. 
Probing molecular 
processes at water-
insulator interfaces

S7 Novel Density 
Functionals.

John Dobson. Robert 
DiStasio

9:45

S13 C2 Jacopo Simoni.  Ultrafast 
magnetism within Time 
Dependent Density Functional 
Theory 

10:45

10:00

S18 I1 Marie-Liesse 
Doublet. Interface 
Electrochemistry in Li-
Materials: A First Step 
towards Multiscale 
Modeling

S13 I1 Marco Battiato. 
Ultrafast spin injection in 
semiconductors

S22 C1 Yannick Gillet. First-
principles study of frequency-
dependent Resonant Raman 
scattering

8:45

9:00

12:45

13:30

13:45

12:00

12:15

11:30

11:45

S18 C1 Javier Carrasco.  Ion 
insertion into layered 
transition metal oxides for 
batteries: Insight from van der 
Waals density functional 

S18 Electrochemical 
Energy Storage and 

Conversion: Solid/Liquid 
Interfaces

Axel Gross. Marialore 
Sulpizi

S18 C3 Anoop Kishore Vatti. 
Formation Energy of Halide 
ions (Cl/Br/I) in water from ab-
initio Molecular Dynamics 

14:30

15:00

14:45

14:00

13:15

13:00

12:30

14:15

LUNCH

15:45

S7 I4 Per Hyldgaard. On 
the general-purpose 
nature of van der 
Waals density 
functionals

S9 I2 Kay Dewhurst. Kohn-
Sham equations for 
ground state and time-
dependent density 
functional theory of 
quantum electrodynamics

S1 I6 Heather Kulik. 
Challenges and advances 
for accurate large-scale 
electronic structure and 
dynamics

15:30

S14 C2 Alessandro Stroppa. 
First-principles approach  to 
M-nitronyl nitroxide (M = Co, 
Mn) spin helices  

S14 C1 Takashi Koretsune. 
First-principles study of DM 
interaction in Mn1-xFexGe

S19 I5 Thomas Bligaard. 
Computational catalyst 
search and validation 

16:00

S1 I5 Jürg Hutter. MP2 and 
RPA calculations of liquid 
water

S14 Chiral Magnetism
Stefan Blügel
S14 I1 Stefan Heinze. 
Tailoring magnetic 
skyrmions at transition-
metal inter faces

S9 DFT for Coupled 
Matter-Photon Systems
Heiko Appel
S9 I1 Heiko Appel, Michael 
Ruggentaler. Quantum 
Electrodynamical Density-
Functional Theory: An 
approach to the time-
dependent matter-photon 
problem

S14 I3 Manuel Pereiro. 
Topological excitations 
in a chiral kagome 
magnet

S7 I3 Paola Gori-Giorgi. 
Functionals from the 
strong-coupling limit of 
DFT: promises and 
challenges

S20 I2 Anatole von 
Lilienfeld. Machine 
Learning Methods for the 
Rapid Yet Accurate 
Sampling of Chemical 
Compound Space 

S14 I2 Yuriy Mokrousov. 
Berry phase effects in 
chiral magnets
from first-principles 
theory

S19 I7 Chris Wolverton. 
Materials Genome 
Approach to 
Computational Design of 
Nanostructured 
Thermoelectrics 

S7 I5 Karsten Jacobsen. 
Bayesian Error 
Estimation Functionals

S7 I6 Alexandre 
Tkatchenko. Quantum 
Fluctuations and Non-
Covalent Interactions 
in Density-Functional 
Theory

S19 I6 David Vanderbilt. 
Theoretical search for 
realizations of the 
quantum anomalous Hall 
state 

S1 I10. Annabella Selloni. 
Electrons and holes at the 
TiO2  water interface

16:30

S1 C5 Igor Poltavsky. 
Converged Nuclear 
Quantum Statistics from 
Semiclassical Path Integral 
Molecular Dynamics

18:45

S1 I7 Michele Ceriotti. 
Generalized Langevin 
Equations: Fine-tuning 
Molecular Dynamics from 
Car-Parrinello, to Efficient 
Sampling, to Quantum 
Effects

S1 I9. Minoru Otani. 
Electrochemical systems 
simulated by First-
principles molecular 
dynamics simulations

 S1 C7. Bernd Meyer. Proton 
transfer dynamics at the 
solid/liquid interface

17:30

S9 I5 Ivano Tavernelli. 
Nonadiabatic dynamics 
with relativistic effects

LUNCH LUNCH

S19 C5 Federico Calle-Vallejo. 
Fast and rational design of 
multifaceted catalysts by 
means of structure-sensitive 
scaling relations

S9 C2 Johannes Flick. Kohn-
Sham Approach to Cavity QED: 
Exact vs. Approximate Effective 
Fields 

S9 C4 Walter Tarantino. 
Extended Kohn-Sham Systems 
for Quantum 
Electrodynamical Time-
Dependent Density 
Functional Theory

S20 C2 Thomas 
Hammerschmidt . Robust crystal-
structure prediction with 
structure maps 

S20 Machine Learning 
Methods in Materials 
Modeling 
Gabor Csanyi. Alexandre 
Tkatchenko
S20 I1 Luca Ghiringhelli. 
Learning descriptors from 
(big) data: robustness and 
causality 

S7 C5 Peter Elliott. Almost 
exact exchange at almost no 
computational cost

S7 C4 Kati Finzel. Shell 
structure based 
functionals for the 

S18 I6 Enge Wang.
Water Study at Surface 
and Interface

S1 C6. Biswajit Santra. 
Predicting anomalous 
properties of water using ab 
initio molecular dynamics

S9 I4 Robert van Leuuwen. 
Kadanoff-Baym 
equations for time-
dependent coupled 
electronboson
systems 

S14 I4 Laszlo Udvardi. 
Finite temperature 
behavior of spin-spirals 
and skyrmions

S14 C4 Manuel dos Santos 
Dias. Spin dynamics of spin-
orbit coupled dimers on 
Pt(111) 

S18 I5 Mira Todorova. 
Electrochemistry from 
the perspective of
semiconductor defect 
chemistry: New tools 
and insights

S18 C6 Guido von Rudorff. 
Structure and charge transfer 
at the hematite(001)-water 
interface from all-QM DFT 
molecular dynamics

22:00

S1 I8 Angelos Michelides. 
Water at interfaces and other 
hydrogen bonded systems – 
insight from ab initio 
molecular dynamics

18:15

18:00

16:45

17:15

17:00

Dinner will be available between 18:30 and 22:00. 
Posters should be up not later than 13:00. 

Authors are expected at their posters between 18:30 and 21:30.

18:30

S18 I7 Kevin Leung. 
Modeling the Voltage 
Dependence of 
Electrochemical Reactions 
at Solid-Solid and Solid-
Liquid Interfaces in 
Batteries

17:00

17:15

S19 C6 Boris Kozinsky. 
Design and screening of 
ionic and electronic 

S7 C3 Rickard Armiento. 
The AK13 exchange 
functional and beyond  

S9 I3 Eberhard Engel. 
Electron-Photon Coupling 
in Stationary Relativistic 
DFTS14 C3 Maia Vergniory.  Spin-

texture induced by oxygen 
vacancies in SrTiO3 (001) 
surface by first-principles 

S18 C5 Tilde Cucinotta.  The 
electrostatic double layer of 
Pt/water interfaces from first 
principles molecular dynamics

S18 I4 Michiel Sprik. 
Supercell modelling of 
charged oxide 
electrolyte interfaces 

S9 C1 Mehdi 
Farzananehpour. Quantum 
electrodynamical time 
dependent density-functional 
theory for many-electron 
systems on a lattice

16:00

S18 I3 Axel Gross. 
Structure of 
electrochemical 
interfaces for energy 
storage studied from 
first principles

16:30

16:45

15:45

15:30

S18 C4 Philipp Pedevilla.  Ab 
initio molecular dynamics 
simulations of the water 
feldspar interface  

22:00

18:45

18:15

18:00

18:30

S13 I4 Samir Lounis. 
Dynamical magnetic 
excitations of itinerant 
nanomagnets

S22 I4 Gianni Profeta. 
Prediction of Electron-
Phonon driven 
superconductivity: some 
examples

S13 I3 Johannes Lischner. 
First-principles theory of 
electron-spin fluctuation 
interactions in materials

S19 C3 Thomas Archer. Which 
Heusler Alloy distorts? 

S19 C4 Maximilian Amsler. 
Novel low-density silicon 
allotropes for photovoltaic 
applications

LUNCH

LUNCH

S22 C4 Kurt Stokbro. Electron-
phonon interactions from first-
principles in bulk- and device 
structures 

S22 C3 Matthieu Verstraete. 
There is no such thing as a 
simple metal

TIME AUDITORIUM (1.806) CHAMBER HALL (624) ROOM 1+2+3 (575) ROOM 10 (169) ROOM 4+5 (110) ROOM 8+9 (100) TIME

15:15 15:15

16:15 16:15

S20 C1 Felipe Canova. 
Molecular Network for 
Lubricant Optimisation

S9 C3 Camilla Pellegrini. 
Optimized Effective Potential 
for Quantum 
Electrodynamical Time-
Dependent Density-
Functional Theory 

17:30

17:45 17:45

DINNER AND POSTER SESSION 1

S7 I2 Florian Eich. 
Noncollinear 
magnetism in Spin-
Density-Functional 
Theory

13:00

9:45

10:00

Plenary 1
Giulia Galli

S1 Thirty Years of Car-
Parrinello. 
Michiel Sprik. Giulia Galli.
S1 I1 Christian Carbogno. 
Accurate Thermal 
Conductivities from First 
Principles

S1 C1 Marivi Fernandez-Serra. 
First Principles Liquid Water: the 
quest for the perfect density 
functional

10:15

9:15

11:00

13:45

14:00

14:15

Plenary 2 
Ingrid Mertig. Transversal 
transport coefficients and 

topological properties

LUNCH

14:45

14:30

15:00

10:30

S1 C4 Marco Cazzaniga. Ab-
initio molecular dynamics 
simulation of polaron- and 
exciton-OLED degradation

11:30

13:30

S1 I3 Wanda Andreoni. 
Capture of CO2 in Amine 
Aqueous Solutions: 
Insights from Ab
Initio Molecular Dynamics. 

S1 I2 Robert DiStasio. The 
Microscopic Structure, 
Equilibrium Density, and 
Local Enviroment of Liquid 
Water

S1 C3 Francesco Ambrosio 
Electronic Structure and Redox 
Levels of Liquid Water: Effect of 
Non-Local van der Waals 
Interactions and Hybrid 
Functionals

12:30

12:45

13:15

S22 I3 Claudia Draxl. 
Aspects of electron-
vibrational coupling in 
electronic-structure 
theory

S19 C2 Christoph Schober. 
Efficient first-principles based 
screening for high charge 
carrier mobility in organic 
crystals 

Welcome

S19 I1  Kristin Persson. 
The Materials Project: 
Accelerated Materials 
Design in the 
Information Age

10:45

S19 I2 Giovanni Pizzi. The 
ADES model and the 
AiiDA infrastructure for 
Computational Materials 
Science

9:30

8:45

S1 C2 Federica Agostini.  Electronic 
structure and redox levels of 
liquid water: effect of non-local 
van der Walls interactions and 
hybrid functionals

9:00

S19 I3 Richard Needs. 
Structure searching and 
anharmonic
vibrations

12:00

11:15

11:45

S19 I4 Georg Madsen 
High-throughput search 
for efficient 
thermoelectrics

S19 Materials Design.
Nicola Marzari

S19 C1 Stefaan Cottenier. 
Bringing DFT codes back to 
the testbench: what did we 
learn? 

12:15
S1 I4 François Gygi. 
Verification and Validation 
of First-Principles 
Molecular Dynamics
Simulations

S7 I1 Neepa Maitra. 
Time-Dependent 
Density Functional 
Theory For Non-
Equilibrium Dynamics: 
An Exact Condition

S13 I2 Hardy Gross. 
Ultrafast laser-induced 
demagnetization of 
ferromagnetic solids 

S13 Magnetic Excitation 
and Magnetization 

Dynamics
Stefan Blügel

S22 Electron Phonon 
Coupling and 

Thermoelectricity.
Georg Madsen

Sandip Bhattacharya
S22 I1 Lilia Boeri. 
Bonding, Electron-
Phonon Interaction and 
Superconductivity in 
high-pressure hydrides

S13 C1 Christoph Friedrich. 
Acoustic magnons in the long-
wavelength limit: resolving the 
Goldstone violation in many-
body perturbation theory 

S22 C2 Roman Kovacik. Spin 
transport and spin-caloric 
effects in (Cr, Zn)Te half-
metallic nanostructures: Effect 
of spin disorder at elevated 
temperatures from first 
principles

S22 I2 Nicola Bonini. 
Thermoelectric 
properties from first-
principles: electron-
phonon interactions and 
the Boltzmann transport 
equation

S7 C1 Paul Erhart.  A 
variational polaron self-
interaction corrected total-
energy functional for charge 
excitations in insulators

S7 C2 Ute Werner. Local 
versus Non-Local Exact 
Exchange in Hybrid 
Functionals  

S13 C3 Leonid Sandratski. 
Exchange splitting of surface 
and bulk electronic states in 
excited magnetic states of Gd: 
relation to femtosecond-scale 
pump-probe experiments.

S13 C4 Ehsan Barati. Calculation 
of Gilbert damping and 
nonadiabatic spin-transfer 
torque in 
magnetic nanostructures 

9:15

9:30

11:00

11:15
S18 C2 Giuseppe Fisicaro.  A 
Generalized Poisson and 
Poisson-Boltzmann solver in 
wet-environments electronic-
structure calculations 

10:15

10:30

S18 I2 Adam Foster. 
Probing molecular 
processes at water-
insulator interfaces

S7 Novel Density 
Functionals.

John Dobson. Robert 
DiStasio

9:45

S13 C2 Jacopo Simoni.  Ultrafast 
magnetism within Time 
Dependent Density Functional 
Theory 

10:45

10:00

S18 I1 Marie-Liesse 
Doublet. Interface 
Electrochemistry in Li-
Materials: A First Step 
towards Multiscale 
Modeling

S13 I1 Marco Battiato. 
Ultrafast spin injection in 
semiconductors

S22 C1 Yannick Gillet. First-
principles study of frequency-
dependent Resonant Raman 
scattering

8:45

9:00

12:45

13:30

13:45

12:00

12:15

11:30

11:45

S18 C1 Javier Carrasco.  Ion 
insertion into layered 
transition metal oxides for 
batteries: Insight from van der 
Waals density functional 

S18 Electrochemical 
Energy Storage and 

Conversion: Solid/Liquid 
Interfaces

Axel Gross. Marialore 
Sulpizi

S18 C3 Anoop Kishore Vatti. 
Formation Energy of Halide 
ions (Cl/Br/I) in water from ab-
initio Molecular Dynamics 

14:30

15:00

14:45

14:00

13:15

13:00

12:30

14:15

LUNCH

15:45

S7 I4 Per Hyldgaard. On 
the general-purpose 
nature of van der 
Waals density 
functionals

S9 I2 Kay Dewhurst. Kohn-
Sham equations for 
ground state and time-
dependent density 
functional theory of 
quantum electrodynamics

S1 I6 Heather Kulik. 
Challenges and advances 
for accurate large-scale 
electronic structure and 
dynamics

15:30

S14 C2 Alessandro Stroppa. 
First-principles approach  to 
M-nitronyl nitroxide (M = Co, 
Mn) spin helices  

S14 C1 Takashi Koretsune. 
First-principles study of DM 
interaction in Mn1-xFexGe

S19 I5 Thomas Bligaard. 
Computational catalyst 
search and validation 

16:00

S1 I5 Jürg Hutter. MP2 and 
RPA calculations of liquid 
water

S14 Chiral Magnetism
Stefan Blügel
S14 I1 Stefan Heinze. 
Tailoring magnetic 
skyrmions at transition-
metal inter faces

S9 DFT for Coupled 
Matter-Photon Systems
Heiko Appel
S9 I1 Heiko Appel, Michael 
Ruggentaler. Quantum 
Electrodynamical Density-
Functional Theory: An 
approach to the time-
dependent matter-photon 
problem

S14 I3 Manuel Pereiro. 
Topological excitations 
in a chiral kagome 
magnet

S7 I3 Paola Gori-Giorgi. 
Functionals from the 
strong-coupling limit of 
DFT: promises and 
challenges

S20 I2 Anatole von 
Lilienfeld. Machine 
Learning Methods for the 
Rapid Yet Accurate 
Sampling of Chemical 
Compound Space 

S14 I2 Yuriy Mokrousov. 
Berry phase effects in 
chiral magnets
from first-principles 
theory

S19 I7 Chris Wolverton. 
Materials Genome 
Approach to 
Computational Design of 
Nanostructured 
Thermoelectrics 

S7 I5 Karsten Jacobsen. 
Bayesian Error 
Estimation Functionals

S7 I6 Alexandre 
Tkatchenko. Quantum 
Fluctuations and Non-
Covalent Interactions 
in Density-Functional 
Theory

S19 I6 David Vanderbilt. 
Theoretical search for 
realizations of the 
quantum anomalous Hall 
state 

S1 I10. Annabella Selloni. 
Electrons and holes at the 
TiO2  water interface

16:30

S1 C5 Igor Poltavsky. 
Converged Nuclear 
Quantum Statistics from 
Semiclassical Path Integral 
Molecular Dynamics

18:45

S1 I7 Michele Ceriotti. 
Generalized Langevin 
Equations: Fine-tuning 
Molecular Dynamics from 
Car-Parrinello, to Efficient 
Sampling, to Quantum 
Effects

S1 I9. Minoru Otani. 
Electrochemical systems 
simulated by First-
principles molecular 
dynamics simulations

 S1 C7. Bernd Meyer. Proton 
transfer dynamics at the 
solid/liquid interface

17:30

S9 I5 Ivano Tavernelli. 
Nonadiabatic dynamics 
with relativistic effects

LUNCH LUNCH

S19 C5 Federico Calle-Vallejo. 
Fast and rational design of 
multifaceted catalysts by 
means of structure-sensitive 
scaling relations

S9 C2 Johannes Flick. Kohn-
Sham Approach to Cavity QED: 
Exact vs. Approximate Effective 
Fields 

S9 C4 Walter Tarantino. 
Extended Kohn-Sham Systems 
for Quantum 
Electrodynamical Time-
Dependent Density 
Functional Theory

S20 C2 Thomas 
Hammerschmidt . Robust crystal-
structure prediction with 
structure maps 

S20 Machine Learning 
Methods in Materials 
Modeling 
Gabor Csanyi. Alexandre 
Tkatchenko
S20 I1 Luca Ghiringhelli. 
Learning descriptors from 
(big) data: robustness and 
causality 

S7 C5 Peter Elliott. Almost 
exact exchange at almost no 
computational cost

S7 C4 Kati Finzel. Shell 
structure based 
functionals for the 

S18 I6 Enge Wang.
Water Study at Surface 
and Interface

S1 C6. Biswajit Santra. 
Predicting anomalous 
properties of water using ab 
initio molecular dynamics

S9 I4 Robert van Leuuwen. 
Kadanoff-Baym 
equations for time-
dependent coupled 
electronboson
systems 

S14 I4 Laszlo Udvardi. 
Finite temperature 
behavior of spin-spirals 
and skyrmions

S14 C4 Manuel dos Santos 
Dias. Spin dynamics of spin-
orbit coupled dimers on 
Pt(111) 

S18 I5 Mira Todorova. 
Electrochemistry from 
the perspective of
semiconductor defect 
chemistry: New tools 
and insights

S18 C6 Guido von Rudorff. 
Structure and charge transfer 
at the hematite(001)-water 
interface from all-QM DFT 
molecular dynamics

22:00

S1 I8 Angelos Michelides. 
Water at interfaces and other 
hydrogen bonded systems – 
insight from ab initio 
molecular dynamics

18:15

18:00

16:45

17:15

17:00

Dinner will be available between 18:30 and 22:00. 
Posters should be up not later than 13:00. 

Authors are expected at their posters between 18:30 and 21:30.

18:30

S18 I7 Kevin Leung. 
Modeling the Voltage 
Dependence of 
Electrochemical Reactions 
at Solid-Solid and Solid-
Liquid Interfaces in 
Batteries

17:00

17:15

S19 C6 Boris Kozinsky. 
Design and screening of 
ionic and electronic 

S7 C3 Rickard Armiento. 
The AK13 exchange 
functional and beyond  

S9 I3 Eberhard Engel. 
Electron-Photon Coupling 
in Stationary Relativistic 
DFTS14 C3 Maia Vergniory.  Spin-

texture induced by oxygen 
vacancies in SrTiO3 (001) 
surface by first-principles 

S18 C5 Tilde Cucinotta.  The 
electrostatic double layer of 
Pt/water interfaces from first 
principles molecular dynamics

S18 I4 Michiel Sprik. 
Supercell modelling of 
charged oxide 
electrolyte interfaces 

S9 C1 Mehdi 
Farzananehpour. Quantum 
electrodynamical time 
dependent density-functional 
theory for many-electron 
systems on a lattice

16:00

S18 I3 Axel Gross. 
Structure of 
electrochemical 
interfaces for energy 
storage studied from 
first principles

16:30

16:45

15:45

15:30

S18 C4 Philipp Pedevilla.  Ab 
initio molecular dynamics 
simulations of the water 
feldspar interface  

22:00

18:45

18:15

18:00

18:30

S13 I4 Samir Lounis. 
Dynamical magnetic 
excitations of itinerant 
nanomagnets

S22 I4 Gianni Profeta. 
Prediction of Electron-
Phonon driven 
superconductivity: some 
examples

S13 I3 Johannes Lischner. 
First-principles theory of 
electron-spin fluctuation 
interactions in materials

S19 C3 Thomas Archer. Which 
Heusler Alloy distorts? 

S19 C4 Maximilian Amsler. 
Novel low-density silicon 
allotropes for photovoltaic 
applications

LUNCH

LUNCH

S22 C4 Kurt Stokbro. Electron-
phonon interactions from first-
principles in bulk- and device 
structures 

S22 C3 Matthieu Verstraete. 
There is no such thing as a 
simple metal
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TIME AUDITORIUM (1.806) CHAMBER HALL (624) ROOM 1+2+3 (575) ROOM 10 (169) ROOM 4+5 (110) ROOM 8+9 (100) TIME

15:15 15:15

16:15 16:15

S20 C1 Felipe Canova. 
Molecular Network for 
Lubricant Optimisation

S9 C3 Camilla Pellegrini. 
Optimized Effective Potential 
for Quantum 
Electrodynamical Time-
Dependent Density-
Functional Theory 

17:30

17:45 17:45

DINNER AND POSTER SESSION 1

S7 I2 Florian Eich. 
Noncollinear 
magnetism in Spin-
Density-Functional 
Theory

13:00

9:45

10:00

Plenary 1
Giulia Galli

S1 Thirty Years of Car-
Parrinello. 
Michiel Sprik. Giulia Galli.
S1 I1 Christian Carbogno. 
Accurate Thermal 
Conductivities from First 
Principles

S1 C1 Marivi Fernandez-Serra. 
First Principles Liquid Water: the 
quest for the perfect density 
functional

10:15

9:15

11:00

13:45

14:00

14:15

Plenary 2 
Ingrid Mertig. Transversal 
transport coefficients and 

topological properties

LUNCH

14:45

14:30

15:00

10:30

S1 C4 Marco Cazzaniga. Ab-
initio molecular dynamics 
simulation of polaron- and 
exciton-OLED degradation

11:30

13:30

S1 I3 Wanda Andreoni. 
Capture of CO2 in Amine 
Aqueous Solutions: 
Insights from Ab
Initio Molecular Dynamics. 

S1 I2 Robert DiStasio. The 
Microscopic Structure, 
Equilibrium Density, and 
Local Enviroment of Liquid 
Water

S1 C3 Francesco Ambrosio 
Electronic Structure and Redox 
Levels of Liquid Water: Effect of 
Non-Local van der Waals 
Interactions and Hybrid 
Functionals

12:30

12:45

13:15

S22 I3 Claudia Draxl. 
Aspects of electron-
vibrational coupling in 
electronic-structure 
theory

S19 C2 Christoph Schober. 
Efficient first-principles based 
screening for high charge 
carrier mobility in organic 
crystals 

Welcome

S19 I1  Kristin Persson. 
The Materials Project: 
Accelerated Materials 
Design in the 
Information Age

10:45

S19 I2 Giovanni Pizzi. The 
ADES model and the 
AiiDA infrastructure for 
Computational Materials 
Science

9:30

8:45

S1 C2 Federica Agostini.  Electronic 
structure and redox levels of 
liquid water: effect of non-local 
van der Walls interactions and 
hybrid functionals

9:00

S19 I3 Richard Needs. 
Structure searching and 
anharmonic
vibrations

12:00

11:15

11:45

S19 I4 Georg Madsen 
High-throughput search 
for efficient 
thermoelectrics

S19 Materials Design.
Nicola Marzari

S19 C1 Stefaan Cottenier. 
Bringing DFT codes back to 
the testbench: what did we 
learn? 

12:15
S1 I4 François Gygi. 
Verification and Validation 
of First-Principles 
Molecular Dynamics
Simulations

S7 I1 Neepa Maitra. 
Time-Dependent 
Density Functional 
Theory For Non-
Equilibrium Dynamics: 
An Exact Condition

S13 I2 Hardy Gross. 
Ultrafast laser-induced 
demagnetization of 
ferromagnetic solids 

S13 Magnetic Excitation 
and Magnetization 

Dynamics
Stefan Blügel

S22 Electron Phonon 
Coupling and 

Thermoelectricity.
Georg Madsen

Sandip Bhattacharya
S22 I1 Lilia Boeri. 
Bonding, Electron-
Phonon Interaction and 
Superconductivity in 
high-pressure hydrides

S13 C1 Christoph Friedrich. 
Acoustic magnons in the long-
wavelength limit: resolving the 
Goldstone violation in many-
body perturbation theory 

S22 C2 Roman Kovacik. Spin 
transport and spin-caloric 
effects in (Cr, Zn)Te half-
metallic nanostructures: Effect 
of spin disorder at elevated 
temperatures from first 
principles

S22 I2 Nicola Bonini. 
Thermoelectric 
properties from first-
principles: electron-
phonon interactions and 
the Boltzmann transport 
equation

S7 C1 Paul Erhart.  A 
variational polaron self-
interaction corrected total-
energy functional for charge 
excitations in insulators

S7 C2 Ute Werner. Local 
versus Non-Local Exact 
Exchange in Hybrid 
Functionals  

S13 C3 Leonid Sandratski. 
Exchange splitting of surface 
and bulk electronic states in 
excited magnetic states of Gd: 
relation to femtosecond-scale 
pump-probe experiments.

S13 C4 Ehsan Barati. Calculation 
of Gilbert damping and 
nonadiabatic spin-transfer 
torque in 
magnetic nanostructures 

9:15

9:30

11:00

11:15
S18 C2 Giuseppe Fisicaro.  A 
Generalized Poisson and 
Poisson-Boltzmann solver in 
wet-environments electronic-
structure calculations 

10:15

10:30

S18 I2 Adam Foster. 
Probing molecular 
processes at water-
insulator interfaces

S7 Novel Density 
Functionals.

John Dobson. Robert 
DiStasio

9:45

S13 C2 Jacopo Simoni.  Ultrafast 
magnetism within Time 
Dependent Density Functional 
Theory 

10:45

10:00

S18 I1 Marie-Liesse 
Doublet. Interface 
Electrochemistry in Li-
Materials: A First Step 
towards Multiscale 
Modeling

S13 I1 Marco Battiato. 
Ultrafast spin injection in 
semiconductors

S22 C1 Yannick Gillet. First-
principles study of frequency-
dependent Resonant Raman 
scattering

8:45

9:00

12:45

13:30

13:45

12:00

12:15

11:30

11:45

S18 C1 Javier Carrasco.  Ion 
insertion into layered 
transition metal oxides for 
batteries: Insight from van der 
Waals density functional 

S18 Electrochemical 
Energy Storage and 

Conversion: Solid/Liquid 
Interfaces

Axel Gross. Marialore 
Sulpizi

S18 C3 Anoop Kishore Vatti. 
Formation Energy of Halide 
ions (Cl/Br/I) in water from ab-
initio Molecular Dynamics 

14:30

15:00

14:45

14:00

13:15

13:00

12:30

14:15

LUNCH

15:45

S7 I4 Per Hyldgaard. On 
the general-purpose 
nature of van der 
Waals density 
functionals

S9 I2 Kay Dewhurst. Kohn-
Sham equations for 
ground state and time-
dependent density 
functional theory of 
quantum electrodynamics

S1 I6 Heather Kulik. 
Challenges and advances 
for accurate large-scale 
electronic structure and 
dynamics

15:30

S14 C2 Alessandro Stroppa. 
First-principles approach  to 
M-nitronyl nitroxide (M = Co, 
Mn) spin helices  

S14 C1 Takashi Koretsune. 
First-principles study of DM 
interaction in Mn1-xFexGe

S19 I5 Thomas Bligaard. 
Computational catalyst 
search and validation 

16:00

S1 I5 Jürg Hutter. MP2 and 
RPA calculations of liquid 
water

S14 Chiral Magnetism
Stefan Blügel
S14 I1 Stefan Heinze. 
Tailoring magnetic 
skyrmions at transition-
metal inter faces

S9 DFT for Coupled 
Matter-Photon Systems
Heiko Appel
S9 I1 Heiko Appel, Michael 
Ruggentaler. Quantum 
Electrodynamical Density-
Functional Theory: An 
approach to the time-
dependent matter-photon 
problem

S14 I3 Manuel Pereiro. 
Topological excitations 
in a chiral kagome 
magnet

S7 I3 Paola Gori-Giorgi. 
Functionals from the 
strong-coupling limit of 
DFT: promises and 
challenges

S20 I2 Anatole von 
Lilienfeld. Machine 
Learning Methods for the 
Rapid Yet Accurate 
Sampling of Chemical 
Compound Space 

S14 I2 Yuriy Mokrousov. 
Berry phase effects in 
chiral magnets
from first-principles 
theory

S19 I7 Chris Wolverton. 
Materials Genome 
Approach to 
Computational Design of 
Nanostructured 
Thermoelectrics 

S7 I5 Karsten Jacobsen. 
Bayesian Error 
Estimation Functionals

S7 I6 Alexandre 
Tkatchenko. Quantum 
Fluctuations and Non-
Covalent Interactions 
in Density-Functional 
Theory

S19 I6 David Vanderbilt. 
Theoretical search for 
realizations of the 
quantum anomalous Hall 
state 

S1 I10. Annabella Selloni. 
Electrons and holes at the 
TiO2  water interface

16:30

S1 C5 Igor Poltavsky. 
Converged Nuclear 
Quantum Statistics from 
Semiclassical Path Integral 
Molecular Dynamics

18:45

S1 I7 Michele Ceriotti. 
Generalized Langevin 
Equations: Fine-tuning 
Molecular Dynamics from 
Car-Parrinello, to Efficient 
Sampling, to Quantum 
Effects

S1 I9. Minoru Otani. 
Electrochemical systems 
simulated by First-
principles molecular 
dynamics simulations

 S1 C7. Bernd Meyer. Proton 
transfer dynamics at the 
solid/liquid interface

17:30

S9 I5 Ivano Tavernelli. 
Nonadiabatic dynamics 
with relativistic effects

LUNCH LUNCH

S19 C5 Federico Calle-Vallejo. 
Fast and rational design of 
multifaceted catalysts by 
means of structure-sensitive 
scaling relations

S9 C2 Johannes Flick. Kohn-
Sham Approach to Cavity QED: 
Exact vs. Approximate Effective 
Fields 

S9 C4 Walter Tarantino. 
Extended Kohn-Sham Systems 
for Quantum 
Electrodynamical Time-
Dependent Density 
Functional Theory

S20 C2 Thomas 
Hammerschmidt . Robust crystal-
structure prediction with 
structure maps 

S20 Machine Learning 
Methods in Materials 
Modeling 
Gabor Csanyi. Alexandre 
Tkatchenko
S20 I1 Luca Ghiringhelli. 
Learning descriptors from 
(big) data: robustness and 
causality 

S7 C5 Peter Elliott. Almost 
exact exchange at almost no 
computational cost

S7 C4 Kati Finzel. Shell 
structure based 
functionals for the 

S18 I6 Enge Wang.
Water Study at Surface 
and Interface

S1 C6. Biswajit Santra. 
Predicting anomalous 
properties of water using ab 
initio molecular dynamics

S9 I4 Robert van Leuuwen. 
Kadanoff-Baym 
equations for time-
dependent coupled 
electronboson
systems 

S14 I4 Laszlo Udvardi. 
Finite temperature 
behavior of spin-spirals 
and skyrmions

S14 C4 Manuel dos Santos 
Dias. Spin dynamics of spin-
orbit coupled dimers on 
Pt(111) 

S18 I5 Mira Todorova. 
Electrochemistry from 
the perspective of
semiconductor defect 
chemistry: New tools 
and insights

S18 C6 Guido von Rudorff. 
Structure and charge transfer 
at the hematite(001)-water 
interface from all-QM DFT 
molecular dynamics

22:00

S1 I8 Angelos Michelides. 
Water at interfaces and other 
hydrogen bonded systems – 
insight from ab initio 
molecular dynamics

18:15

18:00

16:45

17:15

17:00

Dinner will be available between 18:30 and 22:00. 
Posters should be up not later than 13:00. 

Authors are expected at their posters between 18:30 and 21:30.

18:30

S18 I7 Kevin Leung. 
Modeling the Voltage 
Dependence of 
Electrochemical Reactions 
at Solid-Solid and Solid-
Liquid Interfaces in 
Batteries

17:00

17:15

S19 C6 Boris Kozinsky. 
Design and screening of 
ionic and electronic 

S7 C3 Rickard Armiento. 
The AK13 exchange 
functional and beyond  

S9 I3 Eberhard Engel. 
Electron-Photon Coupling 
in Stationary Relativistic 
DFTS14 C3 Maia Vergniory.  Spin-

texture induced by oxygen 
vacancies in SrTiO3 (001) 
surface by first-principles 

S18 C5 Tilde Cucinotta.  The 
electrostatic double layer of 
Pt/water interfaces from first 
principles molecular dynamics

S18 I4 Michiel Sprik. 
Supercell modelling of 
charged oxide 
electrolyte interfaces 

S9 C1 Mehdi 
Farzananehpour. Quantum 
electrodynamical time 
dependent density-functional 
theory for many-electron 
systems on a lattice

16:00

S18 I3 Axel Gross. 
Structure of 
electrochemical 
interfaces for energy 
storage studied from 
first principles

16:30

16:45

15:45

15:30

S18 C4 Philipp Pedevilla.  Ab 
initio molecular dynamics 
simulations of the water 
feldspar interface  

22:00

18:45

18:15

18:00

18:30

S13 I4 Samir Lounis. 
Dynamical magnetic 
excitations of itinerant 
nanomagnets

S22 I4 Gianni Profeta. 
Prediction of Electron-
Phonon driven 
superconductivity: some 
examples

S13 I3 Johannes Lischner. 
First-principles theory of 
electron-spin fluctuation 
interactions in materials

S19 C3 Thomas Archer. Which 
Heusler Alloy distorts? 

S19 C4 Maximilian Amsler. 
Novel low-density silicon 
allotropes for photovoltaic 
applications

LUNCH

LUNCH

S22 C4 Kurt Stokbro. Electron-
phonon interactions from first-
principles in bulk- and device 
structures 

S22 C3 Matthieu Verstraete. 
There is no such thing as a 
simple metal

Monday, September 7, 2015

TIME AUDITORIUM (1.806) CHAMBER HALL (624) ROOM 1+2+3 (575) ROOM 10 (169) ROOM 4+5 (110) ROOM 8+9 (100) TIME

15:15 15:15

16:15 16:15

S20 C1 Felipe Canova. 
Molecular Network for 
Lubricant Optimisation

S9 C3 Camilla Pellegrini. 
Optimized Effective Potential 
for Quantum 
Electrodynamical Time-
Dependent Density-
Functional Theory 

17:30

17:45 17:45

DINNER AND POSTER SESSION 1

S7 I2 Florian Eich. 
Noncollinear 
magnetism in Spin-
Density-Functional 
Theory

13:00

9:45

10:00

Plenary 1
Giulia Galli

S1 Thirty Years of Car-
Parrinello. 
Michiel Sprik. Giulia Galli.
S1 I1 Christian Carbogno. 
Accurate Thermal 
Conductivities from First 
Principles

S1 C1 Marivi Fernandez-Serra. 
First Principles Liquid Water: the 
quest for the perfect density 
functional

10:15

9:15

11:00

13:45

14:00

14:15

Plenary 2 
Ingrid Mertig. Transversal 
transport coefficients and 

topological properties

LUNCH

14:45

14:30

15:00

10:30

S1 C4 Marco Cazzaniga. Ab-
initio molecular dynamics 
simulation of polaron- and 
exciton-OLED degradation

11:30

13:30

S1 I3 Wanda Andreoni. 
Capture of CO2 in Amine 
Aqueous Solutions: 
Insights from Ab
Initio Molecular Dynamics. 

S1 I2 Robert DiStasio. The 
Microscopic Structure, 
Equilibrium Density, and 
Local Enviroment of Liquid 
Water

S1 C3 Francesco Ambrosio 
Electronic Structure and Redox 
Levels of Liquid Water: Effect of 
Non-Local van der Waals 
Interactions and Hybrid 
Functionals

12:30

12:45

13:15

S22 I3 Claudia Draxl. 
Aspects of electron-
vibrational coupling in 
electronic-structure 
theory

S19 C2 Christoph Schober. 
Efficient first-principles based 
screening for high charge 
carrier mobility in organic 
crystals 

Welcome

S19 I1  Kristin Persson. 
The Materials Project: 
Accelerated Materials 
Design in the 
Information Age

10:45

S19 I2 Giovanni Pizzi. The 
ADES model and the 
AiiDA infrastructure for 
Computational Materials 
Science

9:30

8:45

S1 C2 Federica Agostini.  Electronic 
structure and redox levels of 
liquid water: effect of non-local 
van der Walls interactions and 
hybrid functionals

9:00

S19 I3 Richard Needs. 
Structure searching and 
anharmonic
vibrations

12:00

11:15

11:45

S19 I4 Georg Madsen 
High-throughput search 
for efficient 
thermoelectrics

S19 Materials Design.
Nicola Marzari

S19 C1 Stefaan Cottenier. 
Bringing DFT codes back to 
the testbench: what did we 
learn? 

12:15
S1 I4 François Gygi. 
Verification and Validation 
of First-Principles 
Molecular Dynamics
Simulations

S7 I1 Neepa Maitra. 
Time-Dependent 
Density Functional 
Theory For Non-
Equilibrium Dynamics: 
An Exact Condition

S13 I2 Hardy Gross. 
Ultrafast laser-induced 
demagnetization of 
ferromagnetic solids 

S13 Magnetic Excitation 
and Magnetization 

Dynamics
Stefan Blügel

S22 Electron Phonon 
Coupling and 

Thermoelectricity.
Georg Madsen

Sandip Bhattacharya
S22 I1 Lilia Boeri. 
Bonding, Electron-
Phonon Interaction and 
Superconductivity in 
high-pressure hydrides

S13 C1 Christoph Friedrich. 
Acoustic magnons in the long-
wavelength limit: resolving the 
Goldstone violation in many-
body perturbation theory 

S22 C2 Roman Kovacik. Spin 
transport and spin-caloric 
effects in (Cr, Zn)Te half-
metallic nanostructures: Effect 
of spin disorder at elevated 
temperatures from first 
principles

S22 I2 Nicola Bonini. 
Thermoelectric 
properties from first-
principles: electron-
phonon interactions and 
the Boltzmann transport 
equation

S7 C1 Paul Erhart.  A 
variational polaron self-
interaction corrected total-
energy functional for charge 
excitations in insulators

S7 C2 Ute Werner. Local 
versus Non-Local Exact 
Exchange in Hybrid 
Functionals  

S13 C3 Leonid Sandratski. 
Exchange splitting of surface 
and bulk electronic states in 
excited magnetic states of Gd: 
relation to femtosecond-scale 
pump-probe experiments.

S13 C4 Ehsan Barati. Calculation 
of Gilbert damping and 
nonadiabatic spin-transfer 
torque in 
magnetic nanostructures 

9:15

9:30

11:00

11:15
S18 C2 Giuseppe Fisicaro.  A 
Generalized Poisson and 
Poisson-Boltzmann solver in 
wet-environments electronic-
structure calculations 

10:15

10:30

S18 I2 Adam Foster. 
Probing molecular 
processes at water-
insulator interfaces

S7 Novel Density 
Functionals.

John Dobson. Robert 
DiStasio

9:45

S13 C2 Jacopo Simoni.  Ultrafast 
magnetism within Time 
Dependent Density Functional 
Theory 

10:45

10:00

S18 I1 Marie-Liesse 
Doublet. Interface 
Electrochemistry in Li-
Materials: A First Step 
towards Multiscale 
Modeling

S13 I1 Marco Battiato. 
Ultrafast spin injection in 
semiconductors

S22 C1 Yannick Gillet. First-
principles study of frequency-
dependent Resonant Raman 
scattering

8:45

9:00

12:45

13:30

13:45

12:00

12:15

11:30

11:45

S18 C1 Javier Carrasco.  Ion 
insertion into layered 
transition metal oxides for 
batteries: Insight from van der 
Waals density functional 

S18 Electrochemical 
Energy Storage and 

Conversion: Solid/Liquid 
Interfaces

Axel Gross. Marialore 
Sulpizi

S18 C3 Anoop Kishore Vatti. 
Formation Energy of Halide 
ions (Cl/Br/I) in water from ab-
initio Molecular Dynamics 

14:30

15:00

14:45

14:00

13:15

13:00

12:30

14:15

LUNCH

15:45

S7 I4 Per Hyldgaard. On 
the general-purpose 
nature of van der 
Waals density 
functionals

S9 I2 Kay Dewhurst. Kohn-
Sham equations for 
ground state and time-
dependent density 
functional theory of 
quantum electrodynamics

S1 I6 Heather Kulik. 
Challenges and advances 
for accurate large-scale 
electronic structure and 
dynamics

15:30

S14 C2 Alessandro Stroppa. 
First-principles approach  to 
M-nitronyl nitroxide (M = Co, 
Mn) spin helices  

S14 C1 Takashi Koretsune. 
First-principles study of DM 
interaction in Mn1-xFexGe

S19 I5 Thomas Bligaard. 
Computational catalyst 
search and validation 

16:00

S1 I5 Jürg Hutter. MP2 and 
RPA calculations of liquid 
water

S14 Chiral Magnetism
Stefan Blügel
S14 I1 Stefan Heinze. 
Tailoring magnetic 
skyrmions at transition-
metal inter faces

S9 DFT for Coupled 
Matter-Photon Systems
Heiko Appel
S9 I1 Heiko Appel, Michael 
Ruggentaler. Quantum 
Electrodynamical Density-
Functional Theory: An 
approach to the time-
dependent matter-photon 
problem

S14 I3 Manuel Pereiro. 
Topological excitations 
in a chiral kagome 
magnet

S7 I3 Paola Gori-Giorgi. 
Functionals from the 
strong-coupling limit of 
DFT: promises and 
challenges

S20 I2 Anatole von 
Lilienfeld. Machine 
Learning Methods for the 
Rapid Yet Accurate 
Sampling of Chemical 
Compound Space 

S14 I2 Yuriy Mokrousov. 
Berry phase effects in 
chiral magnets
from first-principles 
theory

S19 I7 Chris Wolverton. 
Materials Genome 
Approach to 
Computational Design of 
Nanostructured 
Thermoelectrics 

S7 I5 Karsten Jacobsen. 
Bayesian Error 
Estimation Functionals

S7 I6 Alexandre 
Tkatchenko. Quantum 
Fluctuations and Non-
Covalent Interactions 
in Density-Functional 
Theory

S19 I6 David Vanderbilt. 
Theoretical search for 
realizations of the 
quantum anomalous Hall 
state 

S1 I10. Annabella Selloni. 
Electrons and holes at the 
TiO2  water interface

16:30

S1 C5 Igor Poltavsky. 
Converged Nuclear 
Quantum Statistics from 
Semiclassical Path Integral 
Molecular Dynamics

18:45

S1 I7 Michele Ceriotti. 
Generalized Langevin 
Equations: Fine-tuning 
Molecular Dynamics from 
Car-Parrinello, to Efficient 
Sampling, to Quantum 
Effects

S1 I9. Minoru Otani. 
Electrochemical systems 
simulated by First-
principles molecular 
dynamics simulations

 S1 C7. Bernd Meyer. Proton 
transfer dynamics at the 
solid/liquid interface

17:30

S9 I5 Ivano Tavernelli. 
Nonadiabatic dynamics 
with relativistic effects

LUNCH LUNCH

S19 C5 Federico Calle-Vallejo. 
Fast and rational design of 
multifaceted catalysts by 
means of structure-sensitive 
scaling relations

S9 C2 Johannes Flick. Kohn-
Sham Approach to Cavity QED: 
Exact vs. Approximate Effective 
Fields 

S9 C4 Walter Tarantino. 
Extended Kohn-Sham Systems 
for Quantum 
Electrodynamical Time-
Dependent Density 
Functional Theory

S20 C2 Thomas 
Hammerschmidt . Robust crystal-
structure prediction with 
structure maps 

S20 Machine Learning 
Methods in Materials 
Modeling 
Gabor Csanyi. Alexandre 
Tkatchenko
S20 I1 Luca Ghiringhelli. 
Learning descriptors from 
(big) data: robustness and 
causality 

S7 C5 Peter Elliott. Almost 
exact exchange at almost no 
computational cost

S7 C4 Kati Finzel. Shell 
structure based 
functionals for the 

S18 I6 Enge Wang.
Water Study at Surface 
and Interface

S1 C6. Biswajit Santra. 
Predicting anomalous 
properties of water using ab 
initio molecular dynamics

S9 I4 Robert van Leuuwen. 
Kadanoff-Baym 
equations for time-
dependent coupled 
electronboson
systems 

S14 I4 Laszlo Udvardi. 
Finite temperature 
behavior of spin-spirals 
and skyrmions

S14 C4 Manuel dos Santos 
Dias. Spin dynamics of spin-
orbit coupled dimers on 
Pt(111) 

S18 I5 Mira Todorova. 
Electrochemistry from 
the perspective of
semiconductor defect 
chemistry: New tools 
and insights

S18 C6 Guido von Rudorff. 
Structure and charge transfer 
at the hematite(001)-water 
interface from all-QM DFT 
molecular dynamics

22:00

S1 I8 Angelos Michelides. 
Water at interfaces and other 
hydrogen bonded systems – 
insight from ab initio 
molecular dynamics

18:15

18:00

16:45

17:15

17:00

Dinner will be available between 18:30 and 22:00. 
Posters should be up not later than 13:00. 

Authors are expected at their posters between 18:30 and 21:30.

18:30

S18 I7 Kevin Leung. 
Modeling the Voltage 
Dependence of 
Electrochemical Reactions 
at Solid-Solid and Solid-
Liquid Interfaces in 
Batteries

17:00

17:15

S19 C6 Boris Kozinsky. 
Design and screening of 
ionic and electronic 

S7 C3 Rickard Armiento. 
The AK13 exchange 
functional and beyond  

S9 I3 Eberhard Engel. 
Electron-Photon Coupling 
in Stationary Relativistic 
DFTS14 C3 Maia Vergniory.  Spin-

texture induced by oxygen 
vacancies in SrTiO3 (001) 
surface by first-principles 

S18 C5 Tilde Cucinotta.  The 
electrostatic double layer of 
Pt/water interfaces from first 
principles molecular dynamics

S18 I4 Michiel Sprik. 
Supercell modelling of 
charged oxide 
electrolyte interfaces 

S9 C1 Mehdi 
Farzananehpour. Quantum 
electrodynamical time 
dependent density-functional 
theory for many-electron 
systems on a lattice

16:00

S18 I3 Axel Gross. 
Structure of 
electrochemical 
interfaces for energy 
storage studied from 
first principles

16:30

16:45

15:45

15:30

S18 C4 Philipp Pedevilla.  Ab 
initio molecular dynamics 
simulations of the water 
feldspar interface  

22:00

18:45

18:15

18:00

18:30

S13 I4 Samir Lounis. 
Dynamical magnetic 
excitations of itinerant 
nanomagnets

S22 I4 Gianni Profeta. 
Prediction of Electron-
Phonon driven 
superconductivity: some 
examples

S13 I3 Johannes Lischner. 
First-principles theory of 
electron-spin fluctuation 
interactions in materials

S19 C3 Thomas Archer. Which 
Heusler Alloy distorts? 

S19 C4 Maximilian Amsler. 
Novel low-density silicon 
allotropes for photovoltaic 
applications

LUNCH

LUNCH

S22 C4 Kurt Stokbro. Electron-
phonon interactions from first-
principles in bulk- and device 
structures 

S22 C3 Matthieu Verstraete. 
There is no such thing as a 
simple metal
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TIME AUDITORIUM (1.806) CHAMBER HALL (624) ROOM 1+2+3 (575) ROOM 10 (169) ROOM 4+5 (110) ROOM 8+9 (100) TIME

11:15 11:15

LUNCH

12:30
LUNCH

17:15

DINNER AND POSTER SESSION 2

17:15

14:45

15:00 15:00

14:45

S15 C4 Michael Fechner. 
Orbital currents in CuO  

S15 C5. Takahiro Shimada 
Low-dimensional Atomic 
Multiferroics: Defects in 
Nonmagnetic Ferroelectric 
PbTiO3

S12 C6 Libor Smejkal. 
Magnetotransport in 
Disordered 
Antiferromagnets from 
First Principles

15:15

13:45

14:00 14:00

14:15 14:15

13:30

13:45

S27 Transport Properties 
Hardy Gross

S4 C7 Matteo Cococcioni. 
Charge localization and 
energetics of Li-ion batteries 
cathodes from Hubbard-
corrected DFT functionals

S25 C3 Jacek Majewski. Multi-
scale studies of group IV 
honeycomb layers and their 
binary alloys

S25 C4 Andrea Cepellotti. 
Phonon hydrodynamics and 
second sound in 2D 
materials 

Volker Heine Award

S20 C4 Matthias Rupp. Quantum 
Mechanical Properties of Atoms in 
Molecules via Machine Learning 

S20 I3 Joerg Behler. Neural 
Network Potentials for 
Large-Scale Molecular 
Dynamics Simulations

15:45

16:00

S8 C1 Klaas Giesbertz. 
Invertibility of retarded 
response functions for 
Laplace transformable 
potentials: application to 
one-body reduced density 
matrix functional theory

 S4 C3 Michele Casula. 
From dynamically 
screened Hubbard U to 
Holstein phonons in 
extended dynamical mean-
field theory

S4 C5 David Jacob. 
NanoDMFT: First principles 
description of strongly 
correlated electrons in 
molecular devices 

15:30

S4 C8 Guoren Zhang. Fermi 
surface of Sr2RuO4: Role of 
anisotropic Coulomb 
interaction and Coulomb-
enhanced spin-orbit coupling 

18:30

18:15

18:00

17:45

17:30S25 C9 Yoshiyuki Miyamoto. 
Photo-induced dynamics in low 
dimensional materials: strong IR 
illumination inducing lattice and 
electronic dynamics

S25 I5 Matteo Calandra. 
Universal enhancement of 
superconductivity in two 
dimensional 
semiconductors at low 
doping by electron-electron 
interaction

16:15

15:30

S8 C3 Mario Piris. 
Towards an N-
representable 1-RDM 
Theory

S2 C8 Deyu Lu. A local 
representation of the 
dielectric response 
function

S12 C5. Valentina Brosco. 
Transport signatures of 
strong spin-orbit coupling 
intwo-dimensional 
materials  

S8 C2 Nektarios Lathiotakis. 
Local potentials in the 
Reduced Density Matrix 
Functional Theory: Hybrid 
DFT-RDMFT approaches

S15 C2 Kunihiko 
Yamauchi. Rashba splitting 
and spin-valley coupling in 
ferroelectric oxides 

16:00

S4 I9 Eva Pavarini. Origin of 
orbital-ordering and orbital-
order melting transitions in 
strongly correlated systems

16:15

15:45

S25 C7 Kirsten Winther. 
Efficient scheme for calculating 
the dielectric properties of van 
der Waals heterostructures 

S15 I2 Lars Nordstrom. 
Ordered space- and time-
odd multipoles and their 
relevance in magneto-
electrics

S12 I4 Diemo 
Koedderitzsch. 
Electronic and spin 
transport within the 
Kubo Formalism – a 
relativistic Green 
function KKR 
approach

S15 C3 Kun Cao. Theory 
of electromagnons in CuO

S25 C5 Marco Gibertini. 
Engineering polar 
discontinuities in 2D 
honeycomb lattices

S12 I5 Jairo Sinova. 
Relativistic torques in 
ferromagnets and 
antiferromagnets

S25 C6 Alexander Rudenko. 
Toward realistic description of 
black phosphorus: from GW 
approximation to large-
scale modeling 

S8 I2 Sangeeta Sharma. 
Spectrum within 
Reduced Density Matrix 
Functional Theory: 
application to 
transition metal oxides

18:30

18:00

S2 C10 Dmitrii Nabok. 
Accurate G0W0 
quasiparticle energies 
from FLAPW calculations

S25 C8 Domenico Di Sante. 
Emergence of ferroelectricity and 
spin-valley properties in 
twodimensional honeycomb binary 
compounds

17:00

16:30

S2 C9 Iurii Timrov. 
Electron Energy Lossand 
Ineslastic X-Ray Scattering 
Cross Sections from Time - 
Dependent Density - 
Functional Perturbation 
Theory

16:45

S4 C9 Oleg Peil. A low-
energy description of rare-
earth nickelates 

16:30

18:15

17:45
S4 I6 Martin Eckstein. 
Nonequilibrium 
dynamical mean-field 
theory

17:30

16:45S2 C11 Michael Rohlfing

17:00

S25 I4 Esa Räsänen. Dirac 
physics in artificial graphene

S2 I5. Francesco Sottile. 
Exciton Dispersion from 
first principles

15:15

S4 I7  Alessandro Toschi. 
Quantum many-body 
theory at the twoparticle 
level: The new frontier

S25 I3 Arkady 
Krasheninnikov. Defects in 
two-dimensional materials: 
their production under 
irradiation, evolution and 
properties from first-
principles calculations 

S4 I5  Alexey Rubtsov. The 
dual-boson description of 
collective modes in 
correlated systems

S8 Recent 
Developments in 
Density Matrix 
Functional Theory
Heiko Appel
S8 I1 Dieter Bauer. Time-
dependent renormalized 
natural orbital theory for 
laser-driven correlated few-
body quantum dynamics

S2 C7 Michiel van 
Setten. High throughput 
GW

S2 C5 Carina Faber. GW 
for Electron-Phonon 
Coupling Calculations in 
Carbon-based Materials

14:30

S25 I2 Mei-Yin Chou. 
Interplay of Charge and 
Lattice Distortion in 
Monolayers of Transition 
Metal Dichalcogenides

S15 C1 Zeila Zanolli. 
Magnetoelectric 
multiferroic superlattices 
and interfaces

VH Johanna Fuks. Time - 
Resolved Spectroscopy in 
Time - Dependent 
Density Functional 
Theory: An Exact 
Condition

12:45

LUNCH

13:15

LUNCH

14:30

S4 I4 Philipp Hansmann. 
Probing materials on 
different timescales: Fast 
spectroscopy vs. slow 
microscopy

S15 First - Principle 
Calculations for 
Multiferroics and 
Magnetoelectrics. S15 I1 
Eric Bousquet.  First-
principles study of 
magnetoelectricity: finite 
magnetic field and density 
functional perturbation 
theory. Silvia Picozzi

S25 C2 Lede Xian and 
Seymur Cahangirov. The 
atomic and electronic 
structure of silicene and 
germanene on substrates

S25 Novel 2D Materials and 
Heterostructures
Kristian Thygesen
S25 I1 Geert Brocks. 
Interactions and charge 
transfer in heterostructures 
of 2D materials 

13:30

13:00

S4 C6 Peitao Liu. Electronic, 
magnetic and optical 
properties of Srn+1IrnO3n+1 
(n=1, 2, and infinity)

S12 C3 Soren 
Smidstrup. 
Nonequilibrium spin 
density in current-
carrying topological 
insulator thin film 

12:00

12:15

12:30

LUNCH

VH Andreas Grüneis. 
Expanding the scope of 
wave function based 
methods for solids

11:30

VH Fabio Caruso. 
Comprehensive material 
modelling within the GW 
approximation

VH Ion Errea. Efficient ab 
initio calculation of 
anharonic properties in 
solid

VH Marco Bernardi. 
Ultrafast Hot Carrier 
Dynamics in Materials 
from Ab Initio 
Calculations

S4 C1 Yusuke Nomura. Non-
empirical calculation of transition 
temperature for alkali-doped 
fullerene superconductors 

S4 C2 Ryosuke Akashi. Density 
Functional Theory for Plasmon-
Assisted Superconductivity: 
Development and Its Applications

S4 I1  Luca De Medici. A 
review of recent 
experimental evidences 
of (orbital-selective) Mott 
physics in Iron 
Superconductors

S20 C3 Atsuto Seko. First principles 
interatomic potentials via 
compressed sensing 

S4 C4 Ambroise van Roekeghem. 
Spectral properties of transition-
metal pnictides: non-local 
exchange and dynamical 
screening 

10:15

10:30

11:00

10:45

S4 I2  Gianluca 
Giovannetti. What about 
"Ferroelectric Metals" ?

11:45

S27 C3  Rajarshi Tiwari. 
Modeling electronic 
transport in layered 
organic crystals

12:45

12:00

LUNCH

11:45

S27 I3 Giovanni Vignale. 
Time-dependent 
thermoelectric transport at 
the nanoscale

13:00

S27 C4 Giorgia Fugallo. 
Thermal Conductivity of 
Graphene and Graphite: 
Collective Excitations and 
Mean Free Paths 

S27 I4 Chun Zhang. Ab 
initio modeling of 
steady-state transport 
properties of 
nonequilibrium 
quantum systems

13:15

12:15

S2 C3 Arjan Berger. Fully 
parameter-free calculation 
of optical spectra for 
insulators, semiconductors 
and metals from a simple 
polarization functional

S2 C4 Andrea Ferretti. 
Electron and Optical 
Spectroscopies of Graphene 
Nanoribbons on Au(111): 
Insights from Ab-Initio 
Calculations 

9:00

9:15

9:30

10:00

9:45

S27 I1 Stefan Kurth. 
Steady-state density 
functional theory for 
finite bias conductances

S27 I2 Jeff Neaton. 
Tunneling and Diffusive 
Charge Transport at the 
Nanoscale from First 
Principles

11:30

10:45

S27 C1 Colin Van Dyck. 
Molecular Rectifiers: A 
new design based on 
asymmetric anchoring 
moieties 

S27 C2 Gianluca 
Stefanucci. Transient 
quantum transport: 
Nonequilibrium Green's 
Function Approach Made 
Fast

11:00

10:15

10:30

9:00

9:15

10:00

9:45

Plenary 3 
Steve Louie. Novel 
Interaction and 
Correlation Effects in 
Quasi 2D Materials 9:30

S20 Machine Learning 
Methods in Materials 

Modeling (cont´d)
Gabor Csanyi. Alexandre 

Tkatchenko

S4 Correlated Electrons 
Markus Aichhorn

Massimo Capone, Eva Pavarini

S2 I1 Silke Biermann. 
From LDA++ to 
X+DMFT: strategies for 
interfacing electronic 
structure and many-
body theory

S2 C1 Emanuele Maggio. 
Bethe-Salpeter equation 
for correlation energies 
and post-GW self-
energies 

Dinner will be available between 18:30 and 22:00. 
Posters should be up not later than 13:00. 

Authors are expected at their posters between 18:30 and 21:30.

S12 I6 Zhe Yuan. Spin 
transport and relaxation 
in magnetic
heterostructures: the 
effects of spin-orbit 
interaction, noncollinear
magnetization and finite 
temperature

S8 I3 Ralph Gebauer. A 
favorably-scaling 
natural-orbital 
functional theory based 
on higher-order 
occupation 
probabilities

S25 C10 Marcin Szyniszewski. 
Diffusion Monte Carlo Study of 
Charge Career Complexes in Two-
Dimensional Semiconductors 

S8 C5 Julius Rapp. Exact 
treatment of 3D He in 
linearly polarized laser 
fields using TDRNOT

S 25 I6. Tony Low. Aspects 
of electrons and plasmons 
propagation in black 
phosphorus 

S15 I3 Massimiliano 
Stengel. Flexoelectricity 
from density-functional 
perturbation theory

S8 C4 Iris Theophilou. 
Generalized Pauli 
constraints: do they have an 
effect on Reduced Density 
Matrix Functional Theory 
minimization

S12 I2 Martin 
Gradhand. Spin and 
Charge Hall effects as a 
tool for the 
characterisation of 
Complex Materials

S4 I8 Andy Millis. Many-
Body Physics of 
Materials: Density 
Functional Plus 
Dynamical Mean Field 
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electron-phonon coupling 
in correlated narrow-gap 
semiconductors 

S2 GW and BSE 
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Pulci, Friedhelm 
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S12 Spin-Orbit 
Coupling Effects in 

First-Principles 
Quantum Transport
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Multiscale simulation of 
exciton diffusion in 
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BSE
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and Landau Levels
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Transverse transport 
properties and spin-
orbit torques from 
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Ferromagnetic Spin-
Valve Effect 

S12 C1 Guang-Yu Guo. 
Anomalous Hall effect 
and current spin 
polarization in Co-
based Heusler 
compounds
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Electronic and Optical Properties 
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Nanoribbons and 
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first principles potential 
energy surfaces 
systematically
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Accurate band gaps of 
extended systems via 
efficient vertex 
corrections in GW

S12 C4 Jakub Zelezny. 
Spin-Orbit Torque in 
Antiferromagnets  

S2 I3 Mark van 
Schilfgaarde. How well 
does\emph{GW} Describe 
Magnetism?

S2 I2 Antonio Sanna. Ab-
initio superconductivity: 
SCDFT and Eliashberg 
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representation of the 
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principles calculations 
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Carbon-based Materials

14:30

S25 I2 Mei-Yin Chou. 
Interplay of Charge and 
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S25 C2 Lede Xian and 
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Ultrafast Hot Carrier 
Dynamics in Materials 
from Ab Initio 
Calculations

S4 C1 Yusuke Nomura. Non-
empirical calculation of transition 
temperature for alkali-doped 
fullerene superconductors 

S4 C2 Ryosuke Akashi. Density 
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metal pnictides: non-local 
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Modeling electronic 
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Time-dependent 
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Mean Free Paths 

S27 I4 Chun Zhang. Ab 
initio modeling of 
steady-state transport 
properties of 
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parameter-free calculation 
of optical spectra for 
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From LDA++ to 
X+DMFT: strategies for 
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structure and many-
body theory

S2 C1 Emanuele Maggio. 
Bethe-Salpeter equation 
for correlation energies 
and post-GW self-
energies 

Dinner will be available between 18:30 and 22:00. 
Posters should be up not later than 13:00. 

Authors are expected at their posters between 18:30 and 21:30.
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transport and relaxation 
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favorably-scaling 
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functional theory based 
on higher-order 
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Charge Career Complexes in Two-
Dimensional Semiconductors 
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propagation in black 
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Gradhand. Spin and 
Charge Hall effects as a 
tool for the 
characterisation of 
Complex Materials

S4 I8 Andy Millis. Many-
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Functional Plus 
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and Beyond

S4 I3 Jan Tomczak. 
Thermoelectricity and 
electron-phonon coupling 
in correlated narrow-gap 
semiconductors 

S2 GW and BSE 
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Pulci, Friedhelm 
Bechsted

S12 Spin-Orbit 
Coupling Effects in 

First-Principles 
Quantum Transport

Paul Kelly, Ingrid 
Mertig

S2 C6 Jens Wehner.  
Multiscale simulation of 
exciton diffusion in 
organic materials via GW-
BSE

S12 I3 Qian Niu. 
Orbital Magnetism 
and Landau Levels

S12 I1 Frank Freimuth. 
Transverse transport 
properties and spin-
orbit torques from 
first principles

S12 C2 Nicolae 
Atodiresei. Organic-
Ferromagnetic Spin-
Valve Effect 

S12 C1 Guang-Yu Guo. 
Anomalous Hall effect 
and current spin 
polarization in Co-
based Heusler 
compounds

S20 C5 Daniele Passerone 
Electronic and Optical Properties 
of Atomically Precise Graphene 
Nanoribbons and 
Heterojunctions

S20 I4 Gabor Csanyi. 
Bridging the GAP: fitting 
first principles potential 
energy surfaces 
systematically
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S2 C2 Wei Chen. 
Accurate band gaps of 
extended systems via 
efficient vertex 
corrections in GW

S12 C4 Jakub Zelezny. 
Spin-Orbit Torque in 
Antiferromagnets  
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Schilfgaarde. How well 
does\emph{GW} Describe 
Magnetism?

S2 I2 Antonio Sanna. Ab-
initio superconductivity: 
SCDFT and Eliashberg 
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honeycomb layers and their 
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S25 C4 Andrea Cepellotti. 
Phonon hydrodynamics and 
second sound in 2D 
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Network Potentials for 
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Dynamics Simulations
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Invertibility of retarded 
response functions for 
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potentials: application to 
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field theory
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Photo-induced dynamics in low 
dimensional materials: strong IR 
illumination inducing lattice and 
electronic dynamics
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representation of the 
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Transport signatures of 
strong spin-orbit coupling 
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materials  
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Functional Theory: Hybrid 
DFT-RDMFT approaches

S15 C2 Kunihiko 
Yamauchi. Rashba splitting 
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transport within the 
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function KKR 
approach

S15 C3 Kun Cao. Theory 
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Engineering polar 
discontinuities in 2D 
honeycomb lattices

S12 I5 Jairo Sinova. 
Relativistic torques in 
ferromagnets and 
antiferromagnets

S25 C6 Alexander Rudenko. 
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from FLAPW calculations

S25 C8 Domenico Di Sante. 
Emergence of ferroelectricity and 
spin-valley properties in 
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compounds
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S2 C9 Iurii Timrov. 
Electron Energy Lossand 
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Cross Sections from Time - 
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Functional Perturbation 
Theory
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S4 C9 Oleg Peil. A low-
energy description of rare-
earth nickelates 
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S4 I6 Martin Eckstein. 
Nonequilibrium 
dynamical mean-field 
theory

17:30

16:45S2 C11 Michael Rohlfing

17:00

S25 I4 Esa Räsänen. Dirac 
physics in artificial graphene
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Exciton Dispersion from 
first principles

15:15

S4 I7  Alessandro Toschi. 
Quantum many-body 
theory at the twoparticle 
level: The new frontier
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Krasheninnikov. Defects in 
two-dimensional materials: 
their production under 
irradiation, evolution and 
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principles calculations 

S4 I5  Alexey Rubtsov. The 
dual-boson description of 
collective modes in 
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S2 C7 Michiel van 
Setten. High throughput 
GW
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for Electron-Phonon 
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Carbon-based Materials
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Interplay of Charge and 
Lattice Distortion in 
Monolayers of Transition 
Metal Dichalcogenides

S15 C1 Zeila Zanolli. 
Magnetoelectric 
multiferroic superlattices 
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VH Johanna Fuks. Time - 
Resolved Spectroscopy in 
Time - Dependent 
Density Functional 
Theory: An Exact 
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13:15

LUNCH
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Probing materials on 
different timescales: Fast 
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principles study of 
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Seymur Cahangirov. The 
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structure of silicene and 
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S25 Novel 2D Materials and 
Heterostructures
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S25 I1 Geert Brocks. 
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transfer in heterostructures 
of 2D materials 
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magnetic and optical 
properties of Srn+1IrnO3n+1 
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density in current-
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insulator thin film 
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Expanding the scope of 
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methods for solids
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initio calculation of 
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solid
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Ultrafast Hot Carrier 
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from Ab Initio 
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S4 C1 Yusuke Nomura. Non-
empirical calculation of transition 
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Functional Theory for Plasmon-
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Graphene and Graphite: 
Collective Excitations and 
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initio modeling of 
steady-state transport 
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quantum systems
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10:45
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Molecular Rectifiers: A 
new design based on 
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Function Approach Made 
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9:00
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structure and many-
body theory
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Bethe-Salpeter equation 
for correlation energies 
and post-GW self-
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Posters should be up not later than 13:00. 

Authors are expected at their posters between 18:30 and 21:30.
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transport and relaxation 
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functional theory based 
on higher-order 
occupation 
probabilities

S25 C10 Marcin Szyniszewski. 
Diffusion Monte Carlo Study of 
Charge Career Complexes in Two-
Dimensional Semiconductors 

S8 C5 Julius Rapp. Exact 
treatment of 3D He in 
linearly polarized laser 
fields using TDRNOT

S 25 I6. Tony Low. Aspects 
of electrons and plasmons 
propagation in black 
phosphorus 

S15 I3 Massimiliano 
Stengel. Flexoelectricity 
from density-functional 
perturbation theory

S8 C4 Iris Theophilou. 
Generalized Pauli 
constraints: do they have an 
effect on Reduced Density 
Matrix Functional Theory 
minimization

S12 I2 Martin 
Gradhand. Spin and 
Charge Hall effects as a 
tool for the 
characterisation of 
Complex Materials

S4 I8 Andy Millis. Many-
Body Physics of 
Materials: Density 
Functional Plus 
Dynamical Mean Field 
and Beyond

S4 I3 Jan Tomczak. 
Thermoelectricity and 
electron-phonon coupling 
in correlated narrow-gap 
semiconductors 

S2 GW and BSE 
Matteo Gatti, Olivia 

Pulci, Friedhelm 
Bechsted

S12 Spin-Orbit 
Coupling Effects in 

First-Principles 
Quantum Transport

Paul Kelly, Ingrid 
Mertig

S2 C6 Jens Wehner.  
Multiscale simulation of 
exciton diffusion in 
organic materials via GW-
BSE

S12 I3 Qian Niu. 
Orbital Magnetism 
and Landau Levels

S12 I1 Frank Freimuth. 
Transverse transport 
properties and spin-
orbit torques from 
first principles

S12 C2 Nicolae 
Atodiresei. Organic-
Ferromagnetic Spin-
Valve Effect 

S12 C1 Guang-Yu Guo. 
Anomalous Hall effect 
and current spin 
polarization in Co-
based Heusler 
compounds

S20 C5 Daniele Passerone 
Electronic and Optical Properties 
of Atomically Precise Graphene 
Nanoribbons and 
Heterojunctions

S20 I4 Gabor Csanyi. 
Bridging the GAP: fitting 
first principles potential 
energy surfaces 
systematically

22:00
22:00

S2 C2 Wei Chen. 
Accurate band gaps of 
extended systems via 
efficient vertex 
corrections in GW

S12 C4 Jakub Zelezny. 
Spin-Orbit Torque in 
Antiferromagnets  

S2 I3 Mark van 
Schilfgaarde. How well 
does\emph{GW} Describe 
Magnetism?

S2 I2 Antonio Sanna. Ab-
initio superconductivity: 
SCDFT and Eliashberg 
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Orbital currents in CuO  
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Low-dimensional Atomic 
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Nonmagnetic Ferroelectric 
PbTiO3
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Magnetotransport in 
Disordered 
Antiferromagnets from 
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15:15

13:45

14:00 14:00
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S27 Transport Properties 
Hardy Gross

S4 C7 Matteo Cococcioni. 
Charge localization and 
energetics of Li-ion batteries 
cathodes from Hubbard-
corrected DFT functionals

S25 C3 Jacek Majewski. Multi-
scale studies of group IV 
honeycomb layers and their 
binary alloys

S25 C4 Andrea Cepellotti. 
Phonon hydrodynamics and 
second sound in 2D 
materials 

Volker Heine Award

S20 C4 Matthias Rupp. Quantum 
Mechanical Properties of Atoms in 
Molecules via Machine Learning 

S20 I3 Joerg Behler. Neural 
Network Potentials for 
Large-Scale Molecular 
Dynamics Simulations

15:45

16:00

S8 C1 Klaas Giesbertz. 
Invertibility of retarded 
response functions for 
Laplace transformable 
potentials: application to 
one-body reduced density 
matrix functional theory

 S4 C3 Michele Casula. 
From dynamically 
screened Hubbard U to 
Holstein phonons in 
extended dynamical mean-
field theory

S4 C5 David Jacob. 
NanoDMFT: First principles 
description of strongly 
correlated electrons in 
molecular devices 

15:30

S4 C8 Guoren Zhang. Fermi 
surface of Sr2RuO4: Role of 
anisotropic Coulomb 
interaction and Coulomb-
enhanced spin-orbit coupling 

18:30

18:15

18:00

17:45

17:30S25 C9 Yoshiyuki Miyamoto. 
Photo-induced dynamics in low 
dimensional materials: strong IR 
illumination inducing lattice and 
electronic dynamics

S25 I5 Matteo Calandra. 
Universal enhancement of 
superconductivity in two 
dimensional 
semiconductors at low 
doping by electron-electron 
interaction

16:15

15:30

S8 C3 Mario Piris. 
Towards an N-
representable 1-RDM 
Theory

S2 C8 Deyu Lu. A local 
representation of the 
dielectric response 
function

S12 C5. Valentina Brosco. 
Transport signatures of 
strong spin-orbit coupling 
intwo-dimensional 
materials  

S8 C2 Nektarios Lathiotakis. 
Local potentials in the 
Reduced Density Matrix 
Functional Theory: Hybrid 
DFT-RDMFT approaches

S15 C2 Kunihiko 
Yamauchi. Rashba splitting 
and spin-valley coupling in 
ferroelectric oxides 

16:00

S4 I9 Eva Pavarini. Origin of 
orbital-ordering and orbital-
order melting transitions in 
strongly correlated systems

16:15

15:45

S25 C7 Kirsten Winther. 
Efficient scheme for calculating 
the dielectric properties of van 
der Waals heterostructures 

S15 I2 Lars Nordstrom. 
Ordered space- and time-
odd multipoles and their 
relevance in magneto-
electrics

S12 I4 Diemo 
Koedderitzsch. 
Electronic and spin 
transport within the 
Kubo Formalism – a 
relativistic Green 
function KKR 
approach

S15 C3 Kun Cao. Theory 
of electromagnons in CuO

S25 C5 Marco Gibertini. 
Engineering polar 
discontinuities in 2D 
honeycomb lattices

S12 I5 Jairo Sinova. 
Relativistic torques in 
ferromagnets and 
antiferromagnets

S25 C6 Alexander Rudenko. 
Toward realistic description of 
black phosphorus: from GW 
approximation to large-
scale modeling 

S8 I2 Sangeeta Sharma. 
Spectrum within 
Reduced Density Matrix 
Functional Theory: 
application to 
transition metal oxides

18:30

18:00

S2 C10 Dmitrii Nabok. 
Accurate G0W0 
quasiparticle energies 
from FLAPW calculations

S25 C8 Domenico Di Sante. 
Emergence of ferroelectricity and 
spin-valley properties in 
twodimensional honeycomb binary 
compounds

17:00

16:30

S2 C9 Iurii Timrov. 
Electron Energy Lossand 
Ineslastic X-Ray Scattering 
Cross Sections from Time - 
Dependent Density - 
Functional Perturbation 
Theory

16:45

S4 C9 Oleg Peil. A low-
energy description of rare-
earth nickelates 

16:30

18:15

17:45
S4 I6 Martin Eckstein. 
Nonequilibrium 
dynamical mean-field 
theory

17:30

16:45S2 C11 Michael Rohlfing

17:00

S25 I4 Esa Räsänen. Dirac 
physics in artificial graphene

S2 I5. Francesco Sottile. 
Exciton Dispersion from 
first principles

15:15

S4 I7  Alessandro Toschi. 
Quantum many-body 
theory at the twoparticle 
level: The new frontier

S25 I3 Arkady 
Krasheninnikov. Defects in 
two-dimensional materials: 
their production under 
irradiation, evolution and 
properties from first-
principles calculations 

S4 I5  Alexey Rubtsov. The 
dual-boson description of 
collective modes in 
correlated systems

S8 Recent 
Developments in 
Density Matrix 
Functional Theory
Heiko Appel
S8 I1 Dieter Bauer. Time-
dependent renormalized 
natural orbital theory for 
laser-driven correlated few-
body quantum dynamics

S2 C7 Michiel van 
Setten. High throughput 
GW

S2 C5 Carina Faber. GW 
for Electron-Phonon 
Coupling Calculations in 
Carbon-based Materials

14:30

S25 I2 Mei-Yin Chou. 
Interplay of Charge and 
Lattice Distortion in 
Monolayers of Transition 
Metal Dichalcogenides

S15 C1 Zeila Zanolli. 
Magnetoelectric 
multiferroic superlattices 
and interfaces

VH Johanna Fuks. Time - 
Resolved Spectroscopy in 
Time - Dependent 
Density Functional 
Theory: An Exact 
Condition

12:45

LUNCH

13:15

LUNCH

14:30

S4 I4 Philipp Hansmann. 
Probing materials on 
different timescales: Fast 
spectroscopy vs. slow 
microscopy

S15 First - Principle 
Calculations for 
Multiferroics and 
Magnetoelectrics. S15 I1 
Eric Bousquet.  First-
principles study of 
magnetoelectricity: finite 
magnetic field and density 
functional perturbation 
theory. Silvia Picozzi

S25 C2 Lede Xian and 
Seymur Cahangirov. The 
atomic and electronic 
structure of silicene and 
germanene on substrates

S25 Novel 2D Materials and 
Heterostructures
Kristian Thygesen
S25 I1 Geert Brocks. 
Interactions and charge 
transfer in heterostructures 
of 2D materials 

13:30

13:00

S4 C6 Peitao Liu. Electronic, 
magnetic and optical 
properties of Srn+1IrnO3n+1 
(n=1, 2, and infinity)

S12 C3 Soren 
Smidstrup. 
Nonequilibrium spin 
density in current-
carrying topological 
insulator thin film 

12:00

12:15

12:30

LUNCH

VH Andreas Grüneis. 
Expanding the scope of 
wave function based 
methods for solids

11:30

VH Fabio Caruso. 
Comprehensive material 
modelling within the GW 
approximation

VH Ion Errea. Efficient ab 
initio calculation of 
anharonic properties in 
solid

VH Marco Bernardi. 
Ultrafast Hot Carrier 
Dynamics in Materials 
from Ab Initio 
Calculations

S4 C1 Yusuke Nomura. Non-
empirical calculation of transition 
temperature for alkali-doped 
fullerene superconductors 

S4 C2 Ryosuke Akashi. Density 
Functional Theory for Plasmon-
Assisted Superconductivity: 
Development and Its Applications

S4 I1  Luca De Medici. A 
review of recent 
experimental evidences 
of (orbital-selective) Mott 
physics in Iron 
Superconductors

S20 C3 Atsuto Seko. First principles 
interatomic potentials via 
compressed sensing 

S4 C4 Ambroise van Roekeghem. 
Spectral properties of transition-
metal pnictides: non-local 
exchange and dynamical 
screening 

10:15

10:30

11:00

10:45

S4 I2  Gianluca 
Giovannetti. What about 
"Ferroelectric Metals" ?

11:45

S27 C3  Rajarshi Tiwari. 
Modeling electronic 
transport in layered 
organic crystals

12:45

12:00

LUNCH

11:45

S27 I3 Giovanni Vignale. 
Time-dependent 
thermoelectric transport at 
the nanoscale

13:00

S27 C4 Giorgia Fugallo. 
Thermal Conductivity of 
Graphene and Graphite: 
Collective Excitations and 
Mean Free Paths 

S27 I4 Chun Zhang. Ab 
initio modeling of 
steady-state transport 
properties of 
nonequilibrium 
quantum systems

13:15

12:15

S2 C3 Arjan Berger. Fully 
parameter-free calculation 
of optical spectra for 
insulators, semiconductors 
and metals from a simple 
polarization functional

S2 C4 Andrea Ferretti. 
Electron and Optical 
Spectroscopies of Graphene 
Nanoribbons on Au(111): 
Insights from Ab-Initio 
Calculations 

9:00

9:15

9:30

10:00

9:45

S27 I1 Stefan Kurth. 
Steady-state density 
functional theory for 
finite bias conductances

S27 I2 Jeff Neaton. 
Tunneling and Diffusive 
Charge Transport at the 
Nanoscale from First 
Principles

11:30

10:45

S27 C1 Colin Van Dyck. 
Molecular Rectifiers: A 
new design based on 
asymmetric anchoring 
moieties 

S27 C2 Gianluca 
Stefanucci. Transient 
quantum transport: 
Nonequilibrium Green's 
Function Approach Made 
Fast

11:00

10:15

10:30

9:00

9:15

10:00

9:45

Plenary 3 
Steve Louie. Novel 
Interaction and 
Correlation Effects in 
Quasi 2D Materials 9:30

S20 Machine Learning 
Methods in Materials 

Modeling (cont´d)
Gabor Csanyi. Alexandre 

Tkatchenko

S4 Correlated Electrons 
Markus Aichhorn

Massimo Capone, Eva Pavarini

S2 I1 Silke Biermann. 
From LDA++ to 
X+DMFT: strategies for 
interfacing electronic 
structure and many-
body theory

S2 C1 Emanuele Maggio. 
Bethe-Salpeter equation 
for correlation energies 
and post-GW self-
energies 

Dinner will be available between 18:30 and 22:00. 
Posters should be up not later than 13:00. 

Authors are expected at their posters between 18:30 and 21:30.

S12 I6 Zhe Yuan. Spin 
transport and relaxation 
in magnetic
heterostructures: the 
effects of spin-orbit 
interaction, noncollinear
magnetization and finite 
temperature

S8 I3 Ralph Gebauer. A 
favorably-scaling 
natural-orbital 
functional theory based 
on higher-order 
occupation 
probabilities

S25 C10 Marcin Szyniszewski. 
Diffusion Monte Carlo Study of 
Charge Career Complexes in Two-
Dimensional Semiconductors 

S8 C5 Julius Rapp. Exact 
treatment of 3D He in 
linearly polarized laser 
fields using TDRNOT

S 25 I6. Tony Low. Aspects 
of electrons and plasmons 
propagation in black 
phosphorus 

S15 I3 Massimiliano 
Stengel. Flexoelectricity 
from density-functional 
perturbation theory

S8 C4 Iris Theophilou. 
Generalized Pauli 
constraints: do they have an 
effect on Reduced Density 
Matrix Functional Theory 
minimization

S12 I2 Martin 
Gradhand. Spin and 
Charge Hall effects as a 
tool for the 
characterisation of 
Complex Materials

S4 I8 Andy Millis. Many-
Body Physics of 
Materials: Density 
Functional Plus 
Dynamical Mean Field 
and Beyond

S4 I3 Jan Tomczak. 
Thermoelectricity and 
electron-phonon coupling 
in correlated narrow-gap 
semiconductors 

S2 GW and BSE 
Matteo Gatti, Olivia 

Pulci, Friedhelm 
Bechsted

S12 Spin-Orbit 
Coupling Effects in 

First-Principles 
Quantum Transport

Paul Kelly, Ingrid 
Mertig

S2 C6 Jens Wehner.  
Multiscale simulation of 
exciton diffusion in 
organic materials via GW-
BSE

S12 I3 Qian Niu. 
Orbital Magnetism 
and Landau Levels

S12 I1 Frank Freimuth. 
Transverse transport 
properties and spin-
orbit torques from 
first principles

S12 C2 Nicolae 
Atodiresei. Organic-
Ferromagnetic Spin-
Valve Effect 

S12 C1 Guang-Yu Guo. 
Anomalous Hall effect 
and current spin 
polarization in Co-
based Heusler 
compounds

S20 C5 Daniele Passerone 
Electronic and Optical Properties 
of Atomically Precise Graphene 
Nanoribbons and 
Heterojunctions

S20 I4 Gabor Csanyi. 
Bridging the GAP: fitting 
first principles potential 
energy surfaces 
systematically

22:00
22:00

S2 C2 Wei Chen. 
Accurate band gaps of 
extended systems via 
efficient vertex 
corrections in GW

S12 C4 Jakub Zelezny. 
Spin-Orbit Torque in 
Antiferromagnets  

S2 I3 Mark van 
Schilfgaarde. How well 
does\emph{GW} Describe 
Magnetism?

S2 I2 Antonio Sanna. Ab-
initio superconductivity: 
SCDFT and Eliashberg 
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14:45
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Orbital currents in CuO  

S15 C5. Takahiro Shimada 
Low-dimensional Atomic 
Multiferroics: Defects in 
Nonmagnetic Ferroelectric 
PbTiO3

S12 C6 Libor Smejkal. 
Magnetotransport in 
Disordered 
Antiferromagnets from 
First Principles

15:15

13:45

14:00 14:00

14:15 14:15

13:30

13:45

S27 Transport Properties 
Hardy Gross

S4 C7 Matteo Cococcioni. 
Charge localization and 
energetics of Li-ion batteries 
cathodes from Hubbard-
corrected DFT functionals

S25 C3 Jacek Majewski. Multi-
scale studies of group IV 
honeycomb layers and their 
binary alloys

S25 C4 Andrea Cepellotti. 
Phonon hydrodynamics and 
second sound in 2D 
materials 

Volker Heine Award

S20 C4 Matthias Rupp. Quantum 
Mechanical Properties of Atoms in 
Molecules via Machine Learning 

S20 I3 Joerg Behler. Neural 
Network Potentials for 
Large-Scale Molecular 
Dynamics Simulations

15:45

16:00

S8 C1 Klaas Giesbertz. 
Invertibility of retarded 
response functions for 
Laplace transformable 
potentials: application to 
one-body reduced density 
matrix functional theory

 S4 C3 Michele Casula. 
From dynamically 
screened Hubbard U to 
Holstein phonons in 
extended dynamical mean-
field theory

S4 C5 David Jacob. 
NanoDMFT: First principles 
description of strongly 
correlated electrons in 
molecular devices 

15:30

S4 C8 Guoren Zhang. Fermi 
surface of Sr2RuO4: Role of 
anisotropic Coulomb 
interaction and Coulomb-
enhanced spin-orbit coupling 

18:30

18:15

18:00

17:45

17:30S25 C9 Yoshiyuki Miyamoto. 
Photo-induced dynamics in low 
dimensional materials: strong IR 
illumination inducing lattice and 
electronic dynamics

S25 I5 Matteo Calandra. 
Universal enhancement of 
superconductivity in two 
dimensional 
semiconductors at low 
doping by electron-electron 
interaction

16:15

15:30

S8 C3 Mario Piris. 
Towards an N-
representable 1-RDM 
Theory

S2 C8 Deyu Lu. A local 
representation of the 
dielectric response 
function

S12 C5. Valentina Brosco. 
Transport signatures of 
strong spin-orbit coupling 
intwo-dimensional 
materials  

S8 C2 Nektarios Lathiotakis. 
Local potentials in the 
Reduced Density Matrix 
Functional Theory: Hybrid 
DFT-RDMFT approaches

S15 C2 Kunihiko 
Yamauchi. Rashba splitting 
and spin-valley coupling in 
ferroelectric oxides 

16:00

S4 I9 Eva Pavarini. Origin of 
orbital-ordering and orbital-
order melting transitions in 
strongly correlated systems

16:15

15:45

S25 C7 Kirsten Winther. 
Efficient scheme for calculating 
the dielectric properties of van 
der Waals heterostructures 

S15 I2 Lars Nordstrom. 
Ordered space- and time-
odd multipoles and their 
relevance in magneto-
electrics

S12 I4 Diemo 
Koedderitzsch. 
Electronic and spin 
transport within the 
Kubo Formalism – a 
relativistic Green 
function KKR 
approach

S15 C3 Kun Cao. Theory 
of electromagnons in CuO

S25 C5 Marco Gibertini. 
Engineering polar 
discontinuities in 2D 
honeycomb lattices

S12 I5 Jairo Sinova. 
Relativistic torques in 
ferromagnets and 
antiferromagnets

S25 C6 Alexander Rudenko. 
Toward realistic description of 
black phosphorus: from GW 
approximation to large-
scale modeling 

S8 I2 Sangeeta Sharma. 
Spectrum within 
Reduced Density Matrix 
Functional Theory: 
application to 
transition metal oxides

18:30

18:00

S2 C10 Dmitrii Nabok. 
Accurate G0W0 
quasiparticle energies 
from FLAPW calculations

S25 C8 Domenico Di Sante. 
Emergence of ferroelectricity and 
spin-valley properties in 
twodimensional honeycomb binary 
compounds

17:00

16:30

S2 C9 Iurii Timrov. 
Electron Energy Lossand 
Ineslastic X-Ray Scattering 
Cross Sections from Time - 
Dependent Density - 
Functional Perturbation 
Theory

16:45

S4 C9 Oleg Peil. A low-
energy description of rare-
earth nickelates 

16:30

18:15

17:45
S4 I6 Martin Eckstein. 
Nonequilibrium 
dynamical mean-field 
theory

17:30

16:45S2 C11 Michael Rohlfing

17:00

S25 I4 Esa Räsänen. Dirac 
physics in artificial graphene

S2 I5. Francesco Sottile. 
Exciton Dispersion from 
first principles

15:15

S4 I7  Alessandro Toschi. 
Quantum many-body 
theory at the twoparticle 
level: The new frontier

S25 I3 Arkady 
Krasheninnikov. Defects in 
two-dimensional materials: 
their production under 
irradiation, evolution and 
properties from first-
principles calculations 

S4 I5  Alexey Rubtsov. The 
dual-boson description of 
collective modes in 
correlated systems

S8 Recent 
Developments in 
Density Matrix 
Functional Theory
Heiko Appel
S8 I1 Dieter Bauer. Time-
dependent renormalized 
natural orbital theory for 
laser-driven correlated few-
body quantum dynamics

S2 C7 Michiel van 
Setten. High throughput 
GW

S2 C5 Carina Faber. GW 
for Electron-Phonon 
Coupling Calculations in 
Carbon-based Materials

14:30

S25 I2 Mei-Yin Chou. 
Interplay of Charge and 
Lattice Distortion in 
Monolayers of Transition 
Metal Dichalcogenides

S15 C1 Zeila Zanolli. 
Magnetoelectric 
multiferroic superlattices 
and interfaces

VH Johanna Fuks. Time - 
Resolved Spectroscopy in 
Time - Dependent 
Density Functional 
Theory: An Exact 
Condition

12:45

LUNCH

13:15

LUNCH

14:30

S4 I4 Philipp Hansmann. 
Probing materials on 
different timescales: Fast 
spectroscopy vs. slow 
microscopy

S15 First - Principle 
Calculations for 
Multiferroics and 
Magnetoelectrics. S15 I1 
Eric Bousquet.  First-
principles study of 
magnetoelectricity: finite 
magnetic field and density 
functional perturbation 
theory. Silvia Picozzi

S25 C2 Lede Xian and 
Seymur Cahangirov. The 
atomic and electronic 
structure of silicene and 
germanene on substrates

S25 Novel 2D Materials and 
Heterostructures
Kristian Thygesen
S25 I1 Geert Brocks. 
Interactions and charge 
transfer in heterostructures 
of 2D materials 

13:30

13:00

S4 C6 Peitao Liu. Electronic, 
magnetic and optical 
properties of Srn+1IrnO3n+1 
(n=1, 2, and infinity)

S12 C3 Soren 
Smidstrup. 
Nonequilibrium spin 
density in current-
carrying topological 
insulator thin film 

12:00

12:15

12:30

LUNCH

VH Andreas Grüneis. 
Expanding the scope of 
wave function based 
methods for solids

11:30

VH Fabio Caruso. 
Comprehensive material 
modelling within the GW 
approximation

VH Ion Errea. Efficient ab 
initio calculation of 
anharonic properties in 
solid

VH Marco Bernardi. 
Ultrafast Hot Carrier 
Dynamics in Materials 
from Ab Initio 
Calculations

S4 C1 Yusuke Nomura. Non-
empirical calculation of transition 
temperature for alkali-doped 
fullerene superconductors 

S4 C2 Ryosuke Akashi. Density 
Functional Theory for Plasmon-
Assisted Superconductivity: 
Development and Its Applications

S4 I1  Luca De Medici. A 
review of recent 
experimental evidences 
of (orbital-selective) Mott 
physics in Iron 
Superconductors

S20 C3 Atsuto Seko. First principles 
interatomic potentials via 
compressed sensing 

S4 C4 Ambroise van Roekeghem. 
Spectral properties of transition-
metal pnictides: non-local 
exchange and dynamical 
screening 
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Giovannetti. What about 
"Ferroelectric Metals" ?
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S27 C3  Rajarshi Tiwari. 
Modeling electronic 
transport in layered 
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11:45

S27 I3 Giovanni Vignale. 
Time-dependent 
thermoelectric transport at 
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S27 C4 Giorgia Fugallo. 
Thermal Conductivity of 
Graphene and Graphite: 
Collective Excitations and 
Mean Free Paths 

S27 I4 Chun Zhang. Ab 
initio modeling of 
steady-state transport 
properties of 
nonequilibrium 
quantum systems

13:15

12:15

S2 C3 Arjan Berger. Fully 
parameter-free calculation 
of optical spectra for 
insulators, semiconductors 
and metals from a simple 
polarization functional

S2 C4 Andrea Ferretti. 
Electron and Optical 
Spectroscopies of Graphene 
Nanoribbons on Au(111): 
Insights from Ab-Initio 
Calculations 

9:00

9:15

9:30

10:00

9:45

S27 I1 Stefan Kurth. 
Steady-state density 
functional theory for 
finite bias conductances

S27 I2 Jeff Neaton. 
Tunneling and Diffusive 
Charge Transport at the 
Nanoscale from First 
Principles

11:30

10:45

S27 C1 Colin Van Dyck. 
Molecular Rectifiers: A 
new design based on 
asymmetric anchoring 
moieties 

S27 C2 Gianluca 
Stefanucci. Transient 
quantum transport: 
Nonequilibrium Green's 
Function Approach Made 
Fast

11:00

10:15

10:30

9:00
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10:00

9:45
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Correlation Effects in 
Quasi 2D Materials 9:30

S20 Machine Learning 
Methods in Materials 

Modeling (cont´d)
Gabor Csanyi. Alexandre 

Tkatchenko

S4 Correlated Electrons 
Markus Aichhorn

Massimo Capone, Eva Pavarini

S2 I1 Silke Biermann. 
From LDA++ to 
X+DMFT: strategies for 
interfacing electronic 
structure and many-
body theory

S2 C1 Emanuele Maggio. 
Bethe-Salpeter equation 
for correlation energies 
and post-GW self-
energies 

Dinner will be available between 18:30 and 22:00. 
Posters should be up not later than 13:00. 

Authors are expected at their posters between 18:30 and 21:30.

S12 I6 Zhe Yuan. Spin 
transport and relaxation 
in magnetic
heterostructures: the 
effects of spin-orbit 
interaction, noncollinear
magnetization and finite 
temperature

S8 I3 Ralph Gebauer. A 
favorably-scaling 
natural-orbital 
functional theory based 
on higher-order 
occupation 
probabilities

S25 C10 Marcin Szyniszewski. 
Diffusion Monte Carlo Study of 
Charge Career Complexes in Two-
Dimensional Semiconductors 

S8 C5 Julius Rapp. Exact 
treatment of 3D He in 
linearly polarized laser 
fields using TDRNOT

S 25 I6. Tony Low. Aspects 
of electrons and plasmons 
propagation in black 
phosphorus 

S15 I3 Massimiliano 
Stengel. Flexoelectricity 
from density-functional 
perturbation theory

S8 C4 Iris Theophilou. 
Generalized Pauli 
constraints: do they have an 
effect on Reduced Density 
Matrix Functional Theory 
minimization

S12 I2 Martin 
Gradhand. Spin and 
Charge Hall effects as a 
tool for the 
characterisation of 
Complex Materials

S4 I8 Andy Millis. Many-
Body Physics of 
Materials: Density 
Functional Plus 
Dynamical Mean Field 
and Beyond

S4 I3 Jan Tomczak. 
Thermoelectricity and 
electron-phonon coupling 
in correlated narrow-gap 
semiconductors 

S2 GW and BSE 
Matteo Gatti, Olivia 

Pulci, Friedhelm 
Bechsted

S12 Spin-Orbit 
Coupling Effects in 

First-Principles 
Quantum Transport

Paul Kelly, Ingrid 
Mertig

S2 C6 Jens Wehner.  
Multiscale simulation of 
exciton diffusion in 
organic materials via GW-
BSE

S12 I3 Qian Niu. 
Orbital Magnetism 
and Landau Levels

S12 I1 Frank Freimuth. 
Transverse transport 
properties and spin-
orbit torques from 
first principles

S12 C2 Nicolae 
Atodiresei. Organic-
Ferromagnetic Spin-
Valve Effect 

S12 C1 Guang-Yu Guo. 
Anomalous Hall effect 
and current spin 
polarization in Co-
based Heusler 
compounds

S20 C5 Daniele Passerone 
Electronic and Optical Properties 
of Atomically Precise Graphene 
Nanoribbons and 
Heterojunctions

S20 I4 Gabor Csanyi. 
Bridging the GAP: fitting 
first principles potential 
energy surfaces 
systematically

22:00
22:00

S2 C2 Wei Chen. 
Accurate band gaps of 
extended systems via 
efficient vertex 
corrections in GW

S12 C4 Jakub Zelezny. 
Spin-Orbit Torque in 
Antiferromagnets  

S2 I3 Mark van 
Schilfgaarde. How well 
does\emph{GW} Describe 
Magnetism?

S2 I2 Antonio Sanna. Ab-
initio superconductivity: 
SCDFT and Eliashberg 
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TIME AUDITORIUM (1.806) CHAMBER HALL (624) ROOM 1+2+3 (575) ROOM 10 (169) ROOM 4+5 (110) ROOM 8+9 (100) TIME

LUNCH

LUNCH

14:15 14:15

15:15 15:15

16:30

19:00 19:00

20:00 20:00

18:45

Special Guest from 
Mugaritz Restaurant, 

The Science of 
Cooking, Open to the 

General Public

CONFERENCE GALA DINNER

18:45

18:00

V. Heine Award 
Ceremony 

17:15

S29 I2 Carsten Baldauf. 
Methods to study and 
represent the potential-
energy surface (PES) of 
biomolecules in isolation

18:15

18:30

S6 C7 Christopher Patrick. 
Investigating the initial 
Hamiltonian dependence 
of non-self-consistent 
calculations of RPA 
correlation energies 

S6 I5 Garnet Chan. 
Quantum chemistry in 
the condensed phase

17:45

18:15

17:30

16:45

S10 I7 Shiwei Zhang. 
Electronic structure 
calculations in correlated 
materials: an auxiliary-
field perspective

S6 C8 Salih Akbudak. 
Numeric atom-centered 
orbital basis set with 
correlation consistency for 
3d transition metals

S10 I8 Ali Alavi. Recent 
developments in FCIQMC

S24 I4 Stefano Ossicini. 
Second-order nonlinear 
optical spectroscopy: theory 
and applications

S10 C7 Kayahan Saritas. 
Characterizing Physical Errors in 
DFT for Ring Opening 
Isomerizations using Quantum 
Monte Carlo Calculations

S11 I7 Bill Curtin. X-
Mechanics for Flow and 
Ductility in Metal Alloys 

S16 C5 Markus Eisenbach. 
Replica Exchange Wang 
Landau Sampling for First 
Principles Multiple 
Scattering Calculation

S29 Electronic Structure 
Theory for Biophysics 
(partial)
Leonardo Guidoni
S29 I1 Jochen Blumberger. 
Ele ctron flow through 
bacterial nanowire 
proteins

S29 C1 Daniel Cole. 
Applications of Large-
Scale Electronic Structure 
Calculations in Biology

S10 I6 Lucas Wagner. 
Understanding strongly 
correlated systems using 
quantum Monte Carlo

18:00

15:30

17:15

18:30

16:30

17:00

16:15

16:00

15:45

S16 C4 Robert Baldock. 
Calculating pressure-
temperature phase 
diagrams of materials 

16:45

S23 C3 Elham Khosravi. Charge-
resonance enhanced ionization 
beyond the quasistatic model: 
insights from the exact 
factorization approach

16:00

S23 C1 Andrea Marini. A 
new approach to describe 
out-of-equilibrium 
processes in

li ti t i l b d

16:15

S23 C2 Daniele Fazzi. 
Modeling ultrafast exciton 
deactivation and charge 
transfer processes in 
organic photovoltaic 
materials: a chemical 
S23 I2 Carlo Rozzi. Ultrafast 
dynamics in light-
harvesting and 
photovoltaics: a 
theoretical and 
experimental investigation

15:30

15:45

S29 C2 Wei Fang. Nuclear 
Quantum Effects on the 
stability of DNA base pairs  

S10 I5 Leonardo Guidoni. 
Structures and properties 
of (bio)molecules from 
Quantum Monte Carlo

S6 C6 Jiangqiang Zhou. 
Alternative routes for 
calculations of total 
energies

17:00S23 C6 Jacob Spencer. Charge 
transfer in organic donor-
acceptor systems from ultrafast 
non-adiabatic molecular 
dynamics simulation

S23 C4 Samuel Murphy. 
Ultrafast laser induced solid-
solid phase transitions in 
tungsten

S23 C5 Enrico Perfetto. NEGF 
approach to pump-probe 
photoabsorption spectroscopy

S24 C6 Claudio Attaccalite. 
Nonlinear reponse of solids 
within the GW plus Bethe 
Salpeter approch: application 
to second and third-harmonic 
generation 
S24 I5 Kazuhiro Yabana. 
Time-dependent density 
functional theory for 
extreme nonlinear optics

S24 C5 Christine Giorgetti. 
Ab initio local field effects 
for surface second 
harmonic
generation

S11 C8 Eoin O’Reilly. 
Multiscale approach to 
treating random alloy effects in 
III-N nano structures

S11 C5 Vanessa Jane Bukas. 
“Hot” adatoms hopping: 
Phononic dissipation & 
equilibration dynamics from 
first-principles 

S11 I5 Karsten Reuter. 
First-Principles Kinetic 
Monte Carlo for Surface 
Catalysis: From 
Exploratory Tool to 
Commodity

S11 C7  Jordan Bieder. Second-
principles atomic potentials for 
finite temperature simulations: 
application to SrRuO3 
electrode material.

S11 C6 Marco Micciarelli. A 
multi-scale protocol for 
simulating the optical 
properties of natural dyes 
in solution

S11 I6 Dallas R. Trinkle. 
Automating diffusivity 
calculations for interstitial 
and solute diffusion from 
first-principles

15:00

S16 C3 Chiara Panosetti. 
Get real! Towards structure 
prediction of complex systems 
with efficient global optimization 
in an ab initio thermodynamics 
framework 

14:30

S24 C4 Tuomas Rossi. 
Quantum plasmonics of 
stretched nanorods 

S16 I6 Olle Hellman. 
Effective lattice dynamics 
for strongly anharmonic 
systems

14:45

S24 I3 Alberto Castro. 
Progress in the theory of 
control of electron 
dynamics

S16 I5 George Booth. 
Sampling, Embedding 
and Optimizing tractible 
many-electron 
wavefunctions in the 
solid state

13:4513:45

S16 C2 Xunhua Zhao. 
Formation of 1D adsorbed 
water structures on CaO(001): 
A first-principles genetic 
algorithm study

13:15

13:30

LUNCH

LUNCHLUNCH

S16 I4 Ralf Drautz. 
Analytic bond-order 
potentials: from a 
simplified description of 
the electronic structure 
to structural stability in 
elements and 
compounds 

14:00

9:00

S6 C2 Markus 
Betzinger. All-electron 
RPA total energies 
with infinite band 
summations  

12:15

12:30

10:45

9:15

S6 I2 Fred Manby. 
Distinguishable Cluster 
Theory

10:30

S6 C3 Alberto Ambrosetti. 
Wavelike Nature of van 
der Waals Interactions at 
the Nanoscale 

S16 C1. Sergey Pogodin. Ab 
initio Kinetic Monte Carlo 
study of temperature-
programmed desorption 
spectra of RuO2

S16 Ab Initio Statistical 
Mechanics

Luca Ghiringhelli
S16 I1 Tilmann Hickel. 
Coupling of magnetic 
and lattice dregrees of 
freedom in real Materials

S16 I3 Alessandro de Vita. 
Molecular Dynamics with On-
The-Fly Machine Learning of 
QM Forces

S16 I2  Roberto Car. Free 
energies and phase 
diagrams

13:00

12:00

11:45

12:45

S10 I1 Ethan Brown. 
Attacking the sign 
problem in path integral 
Monte Carlo from two 
directions

S10 Applications of 
Quantum Monte Carlo 

Methods 
Matthew Foulkes. Shiwei 

Zhang

S6 I1. Andreas Görling. 
Kohn-Sham methods 
based on the 
adiabatic-connection 
fluctuation-
dissipation theorem 

S11 Upscaling Electronic 
Structure: Reduced Scaling 
and Multi-Scale Methods 

Peter Haynes. Matthias 
Scheffler. 

S11 I1 Lin Lin. Fast 
algorithms for Kohn-Sham 
density functional
theory

S11 C1 Nicolas Hine. Excited 
state calculations and 
theoretical spectroscopy of 
complex nanomaterials using 
Linear-Scaling Density 
Functional Theory 

S6 Recent Advances in 
Diagrammatic 

Methods for the Total 
Energy

Georg Kresse. Patrick 
Rinke

9:00

9:15

S3 I1 Julie Staunton. 
Magnetic ordering and 
magnetic interactions in rare 
earth materials described by 
an ab-initio electronic 
structure theory

9:30

9:45

10:15S3 C1 Leon Petit. First principles 
study of valence and structural 
transitions in rare earth 
compounds under pressure

10:30

10:00

S3 f-electrons 
Silke Biermann

11:30

11:00

11:15

10:15

10:00

S6 C1 John Dobson. Layer 
Response theory for semi-
analytic energetics of vdW
bound layered materials

Plenary 4 
Georg Kresse. 

Quantum chemistry 
methods for 

condensed matter: 
current

status and future 
developments

9:30

9:45

11:15

11:30

S3 I2 Alexander Shick. 
Unified picture of electron 
correlation effects in 
unconventional Pu-based 
superconductors and δ-Pu 

S3 C2 Gertrud Zwicknagel. 
Heavy quasiparticles in 
YbRh2Si2: High temperatures 
and magnetic fields 

S24 I2 Pablo Garcia (with 
FJ Vidal). First-principles 
nanoplasmonics: Plasmon 
hybridization and 
photoinduced currents

S24 I1 Stefano Corni. 
Molecular and 
nanoplasmonics by first-
principle based 
approaches

S24 C3 Lauri Lehtovaara. 
Plasmon resonances in 
monolayer-protected metal
nanoparticles

S24 C1 Daniel Sanchez.First-
principles calculation of 
plasmonic near-fields: reaching 
atomic-scale resolution in 
nanooptics  

13:30

LUNCH

S3 C5 Priyanka Seth. Towards a 
first-principles determination of 
effective Coulomb interactions 
in correlated electron materials: 
Role of intershell interactions

S24 Non-Linear Optics of 
Materials and 

Nanoplasmonics
Valerie Veniard

S24 C2 Katsuyuki Nobusada. 
Optical Response Derived from 
Electric Field Gradient Inherent 
in Optical Near Field

11:45

S3 I3 Leonid Pourovskii. 
Orbital transition and 
pressure evolution of the 
low-energy electronic 
structure in CeM2X2 heavy-
fermion superconductors

12:00

10:45

11:00

12:45

13:15

12:15

S3 I5 Nicola Lanata. 
Electron Correlations in 
Plutonium and the 
Actinides Transition

12:30

S3 I4  Xi Dai. 
LDA+Gutzwiller method 
and its application to f-
electron materials

13:00

S6 I4 Thomas Olsen. 
Total energy 
calculations beyond 
the Random Phase 
Approximation

S3 C4 Jordan Bieder 
Thermodynamics of the α-γ 
transition in cerium from 
first principles

S23 Ultrafast Charge 
Transfer at the Nanoscale
Robert van Leeuwen. 
Gianluca Stefanucci. 
S23 I1 Oleg Prezdho. 
Excited State Dynamics in 
Nanoscale Materials: A 
Time-Domain Ab Initio 
Perspective  

S10 C3 Yasmine S. Al-Hamdani. 
Using quantum Monte Carlo for 
the interaction of water with 
carbonaceous and BN based 
substrates and assessing exchange-
correlation functionals

S6 C4 Dario Rocca.  
Dielectric matrix 
formulation of correlation 
energies within the 
Random Phase 
Approximation: Inclusion 
of screened exchange 
effects  

S11 I4 Daniel Berger. The 
QM/MM embedded 
cluster approach: 
exploiting locality 
effectively

S11 C2 Pablo Garcia 
Fernandez. A systematically 
improvable second-principles 
method including electron and 
lattice degrees of freedom

17:30

17:45
COFFEE BREAK

14:00

14:30
S10 C4 Can Ataca. High 
throughput quantum 
Monte Carlo calculations of 
material formation energies 

15:00

14:45

S6 I3 Xinguo Ren. 
Renormalized 
perturbation theory 
for total and self 
energies based on 
diagrammatic 
techniques

S11 I3 Cedric Weber. An 
implementation of dynamical 
mean field theory for nano-
structures and molecules

S6 C4 Igor Zhang.Test 
set for materials 
science and 
engineering 

S10 C1 Ching-Ming Yei. The 
Quantum Monte Carlo 
studies of interactions in 
van der Waals bilayer 
systems

S11 C4 Arash Mostofi. 
Multi-scale theory and 
simulation of the 
conductivity of carbon 
nanotube networks

S10 I4 Sandro Sorella. Ab-
initio molecular dynamics 
by quantum Monte Carlo

S11 C3 Shunsuke Yamada. A 
new method for calculating 
one-electron energy spectrum 
of a large system based on a 
first- principles divide-and-
conquer method 

S10 C2 Ryo Maezono. 
Electron Correlation on 
DNA Stacking: A Quantum 
Monte Carlo Study

S10 I3 Elif Ertekin. Bulk and 
defect properties of 
semiconductors via fixed node 
diffusion Monte Carlo

S11 I2 Luigi Genovese. The 
flexibility of Daubechies 
wavelets for Linear 
Scaling DFT calculations

S10 I2 Ronald Cohen. 
Quantum Monte Carlo for 
Materials at High
Pressures
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TIME AUDITORIUM (1.806) CHAMBER HALL (624) ROOM 1+2+3 (575) ROOM 10 (169) ROOM 4+5 (110) ROOM 8+9 (100) TIME

LUNCH

LUNCH

14:15 14:15

15:15 15:15

16:30

19:00 19:00

20:00 20:00

18:45

Special Guest from 
Mugaritz Restaurant, 

The Science of 
Cooking, Open to the 

General Public

CONFERENCE GALA DINNER

18:45

18:00

V. Heine Award 
Ceremony 

17:15

S29 I2 Carsten Baldauf. 
Methods to study and 
represent the potential-
energy surface (PES) of 
biomolecules in isolation

18:15

18:30

S6 C7 Christopher Patrick. 
Investigating the initial 
Hamiltonian dependence 
of non-self-consistent 
calculations of RPA 
correlation energies 

S6 I5 Garnet Chan. 
Quantum chemistry in 
the condensed phase

17:45

18:15

17:30

16:45

S10 I7 Shiwei Zhang. 
Electronic structure 
calculations in correlated 
materials: an auxiliary-
field perspective

S6 C8 Salih Akbudak. 
Numeric atom-centered 
orbital basis set with 
correlation consistency for 
3d transition metals

S10 I8 Ali Alavi. Recent 
developments in FCIQMC

S24 I4 Stefano Ossicini. 
Second-order nonlinear 
optical spectroscopy: theory 
and applications

S10 C7 Kayahan Saritas. 
Characterizing Physical Errors in 
DFT for Ring Opening 
Isomerizations using Quantum 
Monte Carlo Calculations

S11 I7 Bill Curtin. X-
Mechanics for Flow and 
Ductility in Metal Alloys 

S16 C5 Markus Eisenbach. 
Replica Exchange Wang 
Landau Sampling for First 
Principles Multiple 
Scattering Calculation

S29 Electronic Structure 
Theory for Biophysics 
(partial)
Leonardo Guidoni
S29 I1 Jochen Blumberger. 
Ele ctron flow through 
bacterial nanowire 
proteins

S29 C1 Daniel Cole. 
Applications of Large-
Scale Electronic Structure 
Calculations in Biology

S10 I6 Lucas Wagner. 
Understanding strongly 
correlated systems using 
quantum Monte Carlo

18:00

15:30

17:15

18:30

16:30

17:00

16:15

16:00

15:45

S16 C4 Robert Baldock. 
Calculating pressure-
temperature phase 
diagrams of materials 

16:45

S23 C3 Elham Khosravi. Charge-
resonance enhanced ionization 
beyond the quasistatic model: 
insights from the exact 
factorization approach

16:00

S23 C1 Andrea Marini. A 
new approach to describe 
out-of-equilibrium 
processes in

li ti t i l b d

16:15

S23 C2 Daniele Fazzi. 
Modeling ultrafast exciton 
deactivation and charge 
transfer processes in 
organic photovoltaic 
materials: a chemical 
S23 I2 Carlo Rozzi. Ultrafast 
dynamics in light-
harvesting and 
photovoltaics: a 
theoretical and 
experimental investigation

15:30

15:45

S29 C2 Wei Fang. Nuclear 
Quantum Effects on the 
stability of DNA base pairs  

S10 I5 Leonardo Guidoni. 
Structures and properties 
of (bio)molecules from 
Quantum Monte Carlo

S6 C6 Jiangqiang Zhou. 
Alternative routes for 
calculations of total 
energies

17:00S23 C6 Jacob Spencer. Charge 
transfer in organic donor-
acceptor systems from ultrafast 
non-adiabatic molecular 
dynamics simulation

S23 C4 Samuel Murphy. 
Ultrafast laser induced solid-
solid phase transitions in 
tungsten

S23 C5 Enrico Perfetto. NEGF 
approach to pump-probe 
photoabsorption spectroscopy

S24 C6 Claudio Attaccalite. 
Nonlinear reponse of solids 
within the GW plus Bethe 
Salpeter approch: application 
to second and third-harmonic 
generation 
S24 I5 Kazuhiro Yabana. 
Time-dependent density 
functional theory for 
extreme nonlinear optics

S24 C5 Christine Giorgetti. 
Ab initio local field effects 
for surface second 
harmonic
generation

S11 C8 Eoin O’Reilly. 
Multiscale approach to 
treating random alloy effects in 
III-N nano structures

S11 C5 Vanessa Jane Bukas. 
“Hot” adatoms hopping: 
Phononic dissipation & 
equilibration dynamics from 
first-principles 

S11 I5 Karsten Reuter. 
First-Principles Kinetic 
Monte Carlo for Surface 
Catalysis: From 
Exploratory Tool to 
Commodity

S11 C7  Jordan Bieder. Second-
principles atomic potentials for 
finite temperature simulations: 
application to SrRuO3 
electrode material.

S11 C6 Marco Micciarelli. A 
multi-scale protocol for 
simulating the optical 
properties of natural dyes 
in solution

S11 I6 Dallas R. Trinkle. 
Automating diffusivity 
calculations for interstitial 
and solute diffusion from 
first-principles

15:00

S16 C3 Chiara Panosetti. 
Get real! Towards structure 
prediction of complex systems 
with efficient global optimization 
in an ab initio thermodynamics 
framework 

14:30

S24 C4 Tuomas Rossi. 
Quantum plasmonics of 
stretched nanorods 

S16 I6 Olle Hellman. 
Effective lattice dynamics 
for strongly anharmonic 
systems

14:45

S24 I3 Alberto Castro. 
Progress in the theory of 
control of electron 
dynamics

S16 I5 George Booth. 
Sampling, Embedding 
and Optimizing tractible 
many-electron 
wavefunctions in the 
solid state

13:4513:45

S16 C2 Xunhua Zhao. 
Formation of 1D adsorbed 
water structures on CaO(001): 
A first-principles genetic 
algorithm study

13:15

13:30

LUNCH

LUNCHLUNCH

S16 I4 Ralf Drautz. 
Analytic bond-order 
potentials: from a 
simplified description of 
the electronic structure 
to structural stability in 
elements and 
compounds 

14:00

9:00

S6 C2 Markus 
Betzinger. All-electron 
RPA total energies 
with infinite band 
summations  

12:15

12:30

10:45

9:15

S6 I2 Fred Manby. 
Distinguishable Cluster 
Theory

10:30

S6 C3 Alberto Ambrosetti. 
Wavelike Nature of van 
der Waals Interactions at 
the Nanoscale 

S16 C1. Sergey Pogodin. Ab 
initio Kinetic Monte Carlo 
study of temperature-
programmed desorption 
spectra of RuO2

S16 Ab Initio Statistical 
Mechanics

Luca Ghiringhelli
S16 I1 Tilmann Hickel. 
Coupling of magnetic 
and lattice dregrees of 
freedom in real Materials

S16 I3 Alessandro de Vita. 
Molecular Dynamics with On-
The-Fly Machine Learning of 
QM Forces

S16 I2  Roberto Car. Free 
energies and phase 
diagrams

13:00

12:00

11:45

12:45

S10 I1 Ethan Brown. 
Attacking the sign 
problem in path integral 
Monte Carlo from two 
directions

S10 Applications of 
Quantum Monte Carlo 

Methods 
Matthew Foulkes. Shiwei 

Zhang

S6 I1. Andreas Görling. 
Kohn-Sham methods 
based on the 
adiabatic-connection 
fluctuation-
dissipation theorem 

S11 Upscaling Electronic 
Structure: Reduced Scaling 
and Multi-Scale Methods 

Peter Haynes. Matthias 
Scheffler. 

S11 I1 Lin Lin. Fast 
algorithms for Kohn-Sham 
density functional
theory

S11 C1 Nicolas Hine. Excited 
state calculations and 
theoretical spectroscopy of 
complex nanomaterials using 
Linear-Scaling Density 
Functional Theory 

S6 Recent Advances in 
Diagrammatic 

Methods for the Total 
Energy

Georg Kresse. Patrick 
Rinke

9:00

9:15

S3 I1 Julie Staunton. 
Magnetic ordering and 
magnetic interactions in rare 
earth materials described by 
an ab-initio electronic 
structure theory

9:30

9:45

10:15S3 C1 Leon Petit. First principles 
study of valence and structural 
transitions in rare earth 
compounds under pressure

10:30

10:00

S3 f-electrons 
Silke Biermann

11:30

11:00

11:15

10:15

10:00

S6 C1 John Dobson. Layer 
Response theory for semi-
analytic energetics of vdW
bound layered materials

Plenary 4 
Georg Kresse. 

Quantum chemistry 
methods for 

condensed matter: 
current

status and future 
developments

9:30

9:45

11:15

11:30

S3 I2 Alexander Shick. 
Unified picture of electron 
correlation effects in 
unconventional Pu-based 
superconductors and δ-Pu 

S3 C2 Gertrud Zwicknagel. 
Heavy quasiparticles in 
YbRh2Si2: High temperatures 
and magnetic fields 

S24 I2 Pablo Garcia (with 
FJ Vidal). First-principles 
nanoplasmonics: Plasmon 
hybridization and 
photoinduced currents

S24 I1 Stefano Corni. 
Molecular and 
nanoplasmonics by first-
principle based 
approaches

S24 C3 Lauri Lehtovaara. 
Plasmon resonances in 
monolayer-protected metal
nanoparticles

S24 C1 Daniel Sanchez.First-
principles calculation of 
plasmonic near-fields: reaching 
atomic-scale resolution in 
nanooptics  

13:30

LUNCH

S3 C5 Priyanka Seth. Towards a 
first-principles determination of 
effective Coulomb interactions 
in correlated electron materials: 
Role of intershell interactions

S24 Non-Linear Optics of 
Materials and 

Nanoplasmonics
Valerie Veniard

S24 C2 Katsuyuki Nobusada. 
Optical Response Derived from 
Electric Field Gradient Inherent 
in Optical Near Field

11:45

S3 I3 Leonid Pourovskii. 
Orbital transition and 
pressure evolution of the 
low-energy electronic 
structure in CeM2X2 heavy-
fermion superconductors

12:00

10:45

11:00

12:45

13:15

12:15

S3 I5 Nicola Lanata. 
Electron Correlations in 
Plutonium and the 
Actinides Transition

12:30

S3 I4  Xi Dai. 
LDA+Gutzwiller method 
and its application to f-
electron materials

13:00

S6 I4 Thomas Olsen. 
Total energy 
calculations beyond 
the Random Phase 
Approximation

S3 C4 Jordan Bieder 
Thermodynamics of the α-γ 
transition in cerium from 
first principles

S23 Ultrafast Charge 
Transfer at the Nanoscale
Robert van Leeuwen. 
Gianluca Stefanucci. 
S23 I1 Oleg Prezdho. 
Excited State Dynamics in 
Nanoscale Materials: A 
Time-Domain Ab Initio 
Perspective  

S10 C3 Yasmine S. Al-Hamdani. 
Using quantum Monte Carlo for 
the interaction of water with 
carbonaceous and BN based 
substrates and assessing exchange-
correlation functionals

S6 C4 Dario Rocca.  
Dielectric matrix 
formulation of correlation 
energies within the 
Random Phase 
Approximation: Inclusion 
of screened exchange 
effects  

S11 I4 Daniel Berger. The 
QM/MM embedded 
cluster approach: 
exploiting locality 
effectively

S11 C2 Pablo Garcia 
Fernandez. A systematically 
improvable second-principles 
method including electron and 
lattice degrees of freedom

17:30

17:45
COFFEE BREAK

14:00

14:30
S10 C4 Can Ataca. High 
throughput quantum 
Monte Carlo calculations of 
material formation energies 

15:00

14:45

S6 I3 Xinguo Ren. 
Renormalized 
perturbation theory 
for total and self 
energies based on 
diagrammatic 
techniques

S11 I3 Cedric Weber. An 
implementation of dynamical 
mean field theory for nano-
structures and molecules

S6 C4 Igor Zhang.Test 
set for materials 
science and 
engineering 

S10 C1 Ching-Ming Yei. The 
Quantum Monte Carlo 
studies of interactions in 
van der Waals bilayer 
systems

S11 C4 Arash Mostofi. 
Multi-scale theory and 
simulation of the 
conductivity of carbon 
nanotube networks

S10 I4 Sandro Sorella. Ab-
initio molecular dynamics 
by quantum Monte Carlo

S11 C3 Shunsuke Yamada. A 
new method for calculating 
one-electron energy spectrum 
of a large system based on a 
first- principles divide-and-
conquer method 

S10 C2 Ryo Maezono. 
Electron Correlation on 
DNA Stacking: A Quantum 
Monte Carlo Study

S10 I3 Elif Ertekin. Bulk and 
defect properties of 
semiconductors via fixed node 
diffusion Monte Carlo

S11 I2 Luigi Genovese. The 
flexibility of Daubechies 
wavelets for Linear 
Scaling DFT calculations

S10 I2 Ronald Cohen. 
Quantum Monte Carlo for 
Materials at High
Pressures

TIME AUDITORIUM (1.806) CHAMBER HALL (624) ROOM 1+2+3 (575) ROOM 10 (169) ROOM 4+5 (110) ROOM 8+9 (100) TIME

LUNCH

LUNCH

14:15 14:15

15:15 15:15

16:30

19:00 19:00

20:00 20:00

18:45

Special Guest from 
Mugaritz Restaurant, 

The Science of 
Cooking, Open to the 

General Public

CONFERENCE GALA DINNER

18:45

18:00

V. Heine Award 
Ceremony 

17:15

S29 I2 Carsten Baldauf. 
Methods to study and 
represent the potential-
energy surface (PES) of 
biomolecules in isolation

18:15

18:30

S6 C7 Christopher Patrick. 
Investigating the initial 
Hamiltonian dependence 
of non-self-consistent 
calculations of RPA 
correlation energies 

S6 I5 Garnet Chan. 
Quantum chemistry in 
the condensed phase

17:45

18:15

17:30

16:45

S10 I7 Shiwei Zhang. 
Electronic structure 
calculations in correlated 
materials: an auxiliary-
field perspective

S6 C8 Salih Akbudak. 
Numeric atom-centered 
orbital basis set with 
correlation consistency for 
3d transition metals

S10 I8 Ali Alavi. Recent 
developments in FCIQMC

S24 I4 Stefano Ossicini. 
Second-order nonlinear 
optical spectroscopy: theory 
and applications

S10 C7 Kayahan Saritas. 
Characterizing Physical Errors in 
DFT for Ring Opening 
Isomerizations using Quantum 
Monte Carlo Calculations

S11 I7 Bill Curtin. X-
Mechanics for Flow and 
Ductility in Metal Alloys 

S16 C5 Markus Eisenbach. 
Replica Exchange Wang 
Landau Sampling for First 
Principles Multiple 
Scattering Calculation

S29 Electronic Structure 
Theory for Biophysics 
(partial)
Leonardo Guidoni
S29 I1 Jochen Blumberger. 
Ele ctron flow through 
bacterial nanowire 
proteins

S29 C1 Daniel Cole. 
Applications of Large-
Scale Electronic Structure 
Calculations in Biology

S10 I6 Lucas Wagner. 
Understanding strongly 
correlated systems using 
quantum Monte Carlo

18:00

15:30

17:15

18:30

16:30

17:00

16:15

16:00

15:45

S16 C4 Robert Baldock. 
Calculating pressure-
temperature phase 
diagrams of materials 

16:45

S23 C3 Elham Khosravi. Charge-
resonance enhanced ionization 
beyond the quasistatic model: 
insights from the exact 
factorization approach

16:00

S23 C1 Andrea Marini. A 
new approach to describe 
out-of-equilibrium 
processes in

li ti t i l b d

16:15

S23 C2 Daniele Fazzi. 
Modeling ultrafast exciton 
deactivation and charge 
transfer processes in 
organic photovoltaic 
materials: a chemical 
S23 I2 Carlo Rozzi. Ultrafast 
dynamics in light-
harvesting and 
photovoltaics: a 
theoretical and 
experimental investigation

15:30

15:45

S29 C2 Wei Fang. Nuclear 
Quantum Effects on the 
stability of DNA base pairs  

S10 I5 Leonardo Guidoni. 
Structures and properties 
of (bio)molecules from 
Quantum Monte Carlo

S6 C6 Jiangqiang Zhou. 
Alternative routes for 
calculations of total 
energies

17:00S23 C6 Jacob Spencer. Charge 
transfer in organic donor-
acceptor systems from ultrafast 
non-adiabatic molecular 
dynamics simulation

S23 C4 Samuel Murphy. 
Ultrafast laser induced solid-
solid phase transitions in 
tungsten

S23 C5 Enrico Perfetto. NEGF 
approach to pump-probe 
photoabsorption spectroscopy

S24 C6 Claudio Attaccalite. 
Nonlinear reponse of solids 
within the GW plus Bethe 
Salpeter approch: application 
to second and third-harmonic 
generation 
S24 I5 Kazuhiro Yabana. 
Time-dependent density 
functional theory for 
extreme nonlinear optics

S24 C5 Christine Giorgetti. 
Ab initio local field effects 
for surface second 
harmonic
generation

S11 C8 Eoin O’Reilly. 
Multiscale approach to 
treating random alloy effects in 
III-N nano structures

S11 C5 Vanessa Jane Bukas. 
“Hot” adatoms hopping: 
Phononic dissipation & 
equilibration dynamics from 
first-principles 

S11 I5 Karsten Reuter. 
First-Principles Kinetic 
Monte Carlo for Surface 
Catalysis: From 
Exploratory Tool to 
Commodity

S11 C7  Jordan Bieder. Second-
principles atomic potentials for 
finite temperature simulations: 
application to SrRuO3 
electrode material.

S11 C6 Marco Micciarelli. A 
multi-scale protocol for 
simulating the optical 
properties of natural dyes 
in solution

S11 I6 Dallas R. Trinkle. 
Automating diffusivity 
calculations for interstitial 
and solute diffusion from 
first-principles

15:00

S16 C3 Chiara Panosetti. 
Get real! Towards structure 
prediction of complex systems 
with efficient global optimization 
in an ab initio thermodynamics 
framework 

14:30

S24 C4 Tuomas Rossi. 
Quantum plasmonics of 
stretched nanorods 

S16 I6 Olle Hellman. 
Effective lattice dynamics 
for strongly anharmonic 
systems

14:45

S24 I3 Alberto Castro. 
Progress in the theory of 
control of electron 
dynamics

S16 I5 George Booth. 
Sampling, Embedding 
and Optimizing tractible 
many-electron 
wavefunctions in the 
solid state

13:4513:45

S16 C2 Xunhua Zhao. 
Formation of 1D adsorbed 
water structures on CaO(001): 
A first-principles genetic 
algorithm study

13:15

13:30

LUNCH

LUNCHLUNCH

S16 I4 Ralf Drautz. 
Analytic bond-order 
potentials: from a 
simplified description of 
the electronic structure 
to structural stability in 
elements and 
compounds 

14:00

9:00

S6 C2 Markus 
Betzinger. All-electron 
RPA total energies 
with infinite band 
summations  

12:15

12:30

10:45

9:15

S6 I2 Fred Manby. 
Distinguishable Cluster 
Theory

10:30

S6 C3 Alberto Ambrosetti. 
Wavelike Nature of van 
der Waals Interactions at 
the Nanoscale 

S16 C1. Sergey Pogodin. Ab 
initio Kinetic Monte Carlo 
study of temperature-
programmed desorption 
spectra of RuO2

S16 Ab Initio Statistical 
Mechanics

Luca Ghiringhelli
S16 I1 Tilmann Hickel. 
Coupling of magnetic 
and lattice dregrees of 
freedom in real Materials

S16 I3 Alessandro de Vita. 
Molecular Dynamics with On-
The-Fly Machine Learning of 
QM Forces

S16 I2  Roberto Car. Free 
energies and phase 
diagrams

13:00

12:00

11:45

12:45

S10 I1 Ethan Brown. 
Attacking the sign 
problem in path integral 
Monte Carlo from two 
directions

S10 Applications of 
Quantum Monte Carlo 

Methods 
Matthew Foulkes. Shiwei 

Zhang

S6 I1. Andreas Görling. 
Kohn-Sham methods 
based on the 
adiabatic-connection 
fluctuation-
dissipation theorem 

S11 Upscaling Electronic 
Structure: Reduced Scaling 
and Multi-Scale Methods 

Peter Haynes. Matthias 
Scheffler. 

S11 I1 Lin Lin. Fast 
algorithms for Kohn-Sham 
density functional
theory

S11 C1 Nicolas Hine. Excited 
state calculations and 
theoretical spectroscopy of 
complex nanomaterials using 
Linear-Scaling Density 
Functional Theory 

S6 Recent Advances in 
Diagrammatic 

Methods for the Total 
Energy

Georg Kresse. Patrick 
Rinke

9:00

9:15

S3 I1 Julie Staunton. 
Magnetic ordering and 
magnetic interactions in rare 
earth materials described by 
an ab-initio electronic 
structure theory

9:30

9:45

10:15S3 C1 Leon Petit. First principles 
study of valence and structural 
transitions in rare earth 
compounds under pressure

10:30

10:00

S3 f-electrons 
Silke Biermann

11:30

11:00

11:15

10:15

10:00

S6 C1 John Dobson. Layer 
Response theory for semi-
analytic energetics of vdW
bound layered materials

Plenary 4 
Georg Kresse. 

Quantum chemistry 
methods for 

condensed matter: 
current

status and future 
developments

9:30

9:45

11:15

11:30

S3 I2 Alexander Shick. 
Unified picture of electron 
correlation effects in 
unconventional Pu-based 
superconductors and δ-Pu 

S3 C2 Gertrud Zwicknagel. 
Heavy quasiparticles in 
YbRh2Si2: High temperatures 
and magnetic fields 

S24 I2 Pablo Garcia (with 
FJ Vidal). First-principles 
nanoplasmonics: Plasmon 
hybridization and 
photoinduced currents

S24 I1 Stefano Corni. 
Molecular and 
nanoplasmonics by first-
principle based 
approaches

S24 C3 Lauri Lehtovaara. 
Plasmon resonances in 
monolayer-protected metal
nanoparticles

S24 C1 Daniel Sanchez.First-
principles calculation of 
plasmonic near-fields: reaching 
atomic-scale resolution in 
nanooptics  

13:30

LUNCH

S3 C5 Priyanka Seth. Towards a 
first-principles determination of 
effective Coulomb interactions 
in correlated electron materials: 
Role of intershell interactions

S24 Non-Linear Optics of 
Materials and 

Nanoplasmonics
Valerie Veniard

S24 C2 Katsuyuki Nobusada. 
Optical Response Derived from 
Electric Field Gradient Inherent 
in Optical Near Field

11:45

S3 I3 Leonid Pourovskii. 
Orbital transition and 
pressure evolution of the 
low-energy electronic 
structure in CeM2X2 heavy-
fermion superconductors

12:00

10:45

11:00

12:45

13:15

12:15

S3 I5 Nicola Lanata. 
Electron Correlations in 
Plutonium and the 
Actinides Transition

12:30

S3 I4  Xi Dai. 
LDA+Gutzwiller method 
and its application to f-
electron materials

13:00

S6 I4 Thomas Olsen. 
Total energy 
calculations beyond 
the Random Phase 
Approximation

S3 C4 Jordan Bieder 
Thermodynamics of the α-γ 
transition in cerium from 
first principles

S23 Ultrafast Charge 
Transfer at the Nanoscale
Robert van Leeuwen. 
Gianluca Stefanucci. 
S23 I1 Oleg Prezdho. 
Excited State Dynamics in 
Nanoscale Materials: A 
Time-Domain Ab Initio 
Perspective  

S10 C3 Yasmine S. Al-Hamdani. 
Using quantum Monte Carlo for 
the interaction of water with 
carbonaceous and BN based 
substrates and assessing exchange-
correlation functionals

S6 C4 Dario Rocca.  
Dielectric matrix 
formulation of correlation 
energies within the 
Random Phase 
Approximation: Inclusion 
of screened exchange 
effects  

S11 I4 Daniel Berger. The 
QM/MM embedded 
cluster approach: 
exploiting locality 
effectively

S11 C2 Pablo Garcia 
Fernandez. A systematically 
improvable second-principles 
method including electron and 
lattice degrees of freedom

17:30

17:45
COFFEE BREAK

14:00

14:30
S10 C4 Can Ataca. High 
throughput quantum 
Monte Carlo calculations of 
material formation energies 

15:00

14:45

S6 I3 Xinguo Ren. 
Renormalized 
perturbation theory 
for total and self 
energies based on 
diagrammatic 
techniques

S11 I3 Cedric Weber. An 
implementation of dynamical 
mean field theory for nano-
structures and molecules

S6 C4 Igor Zhang.Test 
set for materials 
science and 
engineering 

S10 C1 Ching-Ming Yei. The 
Quantum Monte Carlo 
studies of interactions in 
van der Waals bilayer 
systems

S11 C4 Arash Mostofi. 
Multi-scale theory and 
simulation of the 
conductivity of carbon 
nanotube networks

S10 I4 Sandro Sorella. Ab-
initio molecular dynamics 
by quantum Monte Carlo

S11 C3 Shunsuke Yamada. A 
new method for calculating 
one-electron energy spectrum 
of a large system based on a 
first- principles divide-and-
conquer method 

S10 C2 Ryo Maezono. 
Electron Correlation on 
DNA Stacking: A Quantum 
Monte Carlo Study

S10 I3 Elif Ertekin. Bulk and 
defect properties of 
semiconductors via fixed node 
diffusion Monte Carlo

S11 I2 Luigi Genovese. The 
flexibility of Daubechies 
wavelets for Linear 
Scaling DFT calculations

S10 I2 Ronald Cohen. 
Quantum Monte Carlo for 
Materials at High
Pressures
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TIME AUDITORIUM (1.806) CHAMBER HALL (624) ROOM 1+2+3 (575) ROOM 10 (169) ROOM 4+5 (110) ROOM 8+9 (100) TIME

LUNCH

LUNCH

14:15 14:15

15:15 15:15

16:30

19:00 19:00

20:00 20:00

18:45

Special Guest from 
Mugaritz Restaurant, 

The Science of 
Cooking, Open to the 

General Public

CONFERENCE GALA DINNER

18:45

18:00

V. Heine Award 
Ceremony 

17:15

S29 I2 Carsten Baldauf. 
Methods to study and 
represent the potential-
energy surface (PES) of 
biomolecules in isolation

18:15

18:30

S6 C7 Christopher Patrick. 
Investigating the initial 
Hamiltonian dependence 
of non-self-consistent 
calculations of RPA 
correlation energies 

S6 I5 Garnet Chan. 
Quantum chemistry in 
the condensed phase

17:45

18:15

17:30

16:45

S10 I7 Shiwei Zhang. 
Electronic structure 
calculations in correlated 
materials: an auxiliary-
field perspective

S6 C8 Salih Akbudak. 
Numeric atom-centered 
orbital basis set with 
correlation consistency for 
3d transition metals

S10 I8 Ali Alavi. Recent 
developments in FCIQMC

S24 I4 Stefano Ossicini. 
Second-order nonlinear 
optical spectroscopy: theory 
and applications

S10 C7 Kayahan Saritas. 
Characterizing Physical Errors in 
DFT for Ring Opening 
Isomerizations using Quantum 
Monte Carlo Calculations

S11 I7 Bill Curtin. X-
Mechanics for Flow and 
Ductility in Metal Alloys 

S16 C5 Markus Eisenbach. 
Replica Exchange Wang 
Landau Sampling for First 
Principles Multiple 
Scattering Calculation

S29 Electronic Structure 
Theory for Biophysics 
(partial)
Leonardo Guidoni
S29 I1 Jochen Blumberger. 
Ele ctron flow through 
bacterial nanowire 
proteins

S29 C1 Daniel Cole. 
Applications of Large-
Scale Electronic Structure 
Calculations in Biology

S10 I6 Lucas Wagner. 
Understanding strongly 
correlated systems using 
quantum Monte Carlo

18:00

15:30

17:15

18:30

16:30

17:00

16:15

16:00

15:45

S16 C4 Robert Baldock. 
Calculating pressure-
temperature phase 
diagrams of materials 

16:45

S23 C3 Elham Khosravi. Charge-
resonance enhanced ionization 
beyond the quasistatic model: 
insights from the exact 
factorization approach

16:00

S23 C1 Andrea Marini. A 
new approach to describe 
out-of-equilibrium 
processes in

li ti t i l b d

16:15

S23 C2 Daniele Fazzi. 
Modeling ultrafast exciton 
deactivation and charge 
transfer processes in 
organic photovoltaic 
materials: a chemical 
S23 I2 Carlo Rozzi. Ultrafast 
dynamics in light-
harvesting and 
photovoltaics: a 
theoretical and 
experimental investigation

15:30

15:45

S29 C2 Wei Fang. Nuclear 
Quantum Effects on the 
stability of DNA base pairs  

S10 I5 Leonardo Guidoni. 
Structures and properties 
of (bio)molecules from 
Quantum Monte Carlo

S6 C6 Jiangqiang Zhou. 
Alternative routes for 
calculations of total 
energies

17:00S23 C6 Jacob Spencer. Charge 
transfer in organic donor-
acceptor systems from ultrafast 
non-adiabatic molecular 
dynamics simulation

S23 C4 Samuel Murphy. 
Ultrafast laser induced solid-
solid phase transitions in 
tungsten

S23 C5 Enrico Perfetto. NEGF 
approach to pump-probe 
photoabsorption spectroscopy

S24 C6 Claudio Attaccalite. 
Nonlinear reponse of solids 
within the GW plus Bethe 
Salpeter approch: application 
to second and third-harmonic 
generation 
S24 I5 Kazuhiro Yabana. 
Time-dependent density 
functional theory for 
extreme nonlinear optics

S24 C5 Christine Giorgetti. 
Ab initio local field effects 
for surface second 
harmonic
generation

S11 C8 Eoin O’Reilly. 
Multiscale approach to 
treating random alloy effects in 
III-N nano structures

S11 C5 Vanessa Jane Bukas. 
“Hot” adatoms hopping: 
Phononic dissipation & 
equilibration dynamics from 
first-principles 

S11 I5 Karsten Reuter. 
First-Principles Kinetic 
Monte Carlo for Surface 
Catalysis: From 
Exploratory Tool to 
Commodity

S11 C7  Jordan Bieder. Second-
principles atomic potentials for 
finite temperature simulations: 
application to SrRuO3 
electrode material.

S11 C6 Marco Micciarelli. A 
multi-scale protocol for 
simulating the optical 
properties of natural dyes 
in solution

S11 I6 Dallas R. Trinkle. 
Automating diffusivity 
calculations for interstitial 
and solute diffusion from 
first-principles

15:00

S16 C3 Chiara Panosetti. 
Get real! Towards structure 
prediction of complex systems 
with efficient global optimization 
in an ab initio thermodynamics 
framework 

14:30

S24 C4 Tuomas Rossi. 
Quantum plasmonics of 
stretched nanorods 

S16 I6 Olle Hellman. 
Effective lattice dynamics 
for strongly anharmonic 
systems

14:45

S24 I3 Alberto Castro. 
Progress in the theory of 
control of electron 
dynamics

S16 I5 George Booth. 
Sampling, Embedding 
and Optimizing tractible 
many-electron 
wavefunctions in the 
solid state

13:4513:45

S16 C2 Xunhua Zhao. 
Formation of 1D adsorbed 
water structures on CaO(001): 
A first-principles genetic 
algorithm study

13:15

13:30

LUNCH

LUNCHLUNCH

S16 I4 Ralf Drautz. 
Analytic bond-order 
potentials: from a 
simplified description of 
the electronic structure 
to structural stability in 
elements and 
compounds 

14:00

9:00

S6 C2 Markus 
Betzinger. All-electron 
RPA total energies 
with infinite band 
summations  

12:15

12:30

10:45

9:15

S6 I2 Fred Manby. 
Distinguishable Cluster 
Theory

10:30

S6 C3 Alberto Ambrosetti. 
Wavelike Nature of van 
der Waals Interactions at 
the Nanoscale 

S16 C1. Sergey Pogodin. Ab 
initio Kinetic Monte Carlo 
study of temperature-
programmed desorption 
spectra of RuO2

S16 Ab Initio Statistical 
Mechanics

Luca Ghiringhelli
S16 I1 Tilmann Hickel. 
Coupling of magnetic 
and lattice dregrees of 
freedom in real Materials

S16 I3 Alessandro de Vita. 
Molecular Dynamics with On-
The-Fly Machine Learning of 
QM Forces

S16 I2  Roberto Car. Free 
energies and phase 
diagrams

13:00

12:00

11:45

12:45

S10 I1 Ethan Brown. 
Attacking the sign 
problem in path integral 
Monte Carlo from two 
directions

S10 Applications of 
Quantum Monte Carlo 

Methods 
Matthew Foulkes. Shiwei 

Zhang

S6 I1. Andreas Görling. 
Kohn-Sham methods 
based on the 
adiabatic-connection 
fluctuation-
dissipation theorem 

S11 Upscaling Electronic 
Structure: Reduced Scaling 
and Multi-Scale Methods 

Peter Haynes. Matthias 
Scheffler. 

S11 I1 Lin Lin. Fast 
algorithms for Kohn-Sham 
density functional
theory

S11 C1 Nicolas Hine. Excited 
state calculations and 
theoretical spectroscopy of 
complex nanomaterials using 
Linear-Scaling Density 
Functional Theory 

S6 Recent Advances in 
Diagrammatic 

Methods for the Total 
Energy

Georg Kresse. Patrick 
Rinke

9:00

9:15

S3 I1 Julie Staunton. 
Magnetic ordering and 
magnetic interactions in rare 
earth materials described by 
an ab-initio electronic 
structure theory

9:30

9:45

10:15S3 C1 Leon Petit. First principles 
study of valence and structural 
transitions in rare earth 
compounds under pressure

10:30

10:00

S3 f-electrons 
Silke Biermann

11:30

11:00

11:15

10:15

10:00

S6 C1 John Dobson. Layer 
Response theory for semi-
analytic energetics of vdW
bound layered materials

Plenary 4 
Georg Kresse. 

Quantum chemistry 
methods for 

condensed matter: 
current

status and future 
developments

9:30

9:45

11:15

11:30

S3 I2 Alexander Shick. 
Unified picture of electron 
correlation effects in 
unconventional Pu-based 
superconductors and δ-Pu 

S3 C2 Gertrud Zwicknagel. 
Heavy quasiparticles in 
YbRh2Si2: High temperatures 
and magnetic fields 

S24 I2 Pablo Garcia (with 
FJ Vidal). First-principles 
nanoplasmonics: Plasmon 
hybridization and 
photoinduced currents

S24 I1 Stefano Corni. 
Molecular and 
nanoplasmonics by first-
principle based 
approaches

S24 C3 Lauri Lehtovaara. 
Plasmon resonances in 
monolayer-protected metal
nanoparticles

S24 C1 Daniel Sanchez.First-
principles calculation of 
plasmonic near-fields: reaching 
atomic-scale resolution in 
nanooptics  

13:30

LUNCH

S3 C5 Priyanka Seth. Towards a 
first-principles determination of 
effective Coulomb interactions 
in correlated electron materials: 
Role of intershell interactions

S24 Non-Linear Optics of 
Materials and 

Nanoplasmonics
Valerie Veniard

S24 C2 Katsuyuki Nobusada. 
Optical Response Derived from 
Electric Field Gradient Inherent 
in Optical Near Field

11:45

S3 I3 Leonid Pourovskii. 
Orbital transition and 
pressure evolution of the 
low-energy electronic 
structure in CeM2X2 heavy-
fermion superconductors

12:00

10:45

11:00

12:45

13:15

12:15

S3 I5 Nicola Lanata. 
Electron Correlations in 
Plutonium and the 
Actinides Transition

12:30

S3 I4  Xi Dai. 
LDA+Gutzwiller method 
and its application to f-
electron materials

13:00

S6 I4 Thomas Olsen. 
Total energy 
calculations beyond 
the Random Phase 
Approximation

S3 C4 Jordan Bieder 
Thermodynamics of the α-γ 
transition in cerium from 
first principles

S23 Ultrafast Charge 
Transfer at the Nanoscale
Robert van Leeuwen. 
Gianluca Stefanucci. 
S23 I1 Oleg Prezdho. 
Excited State Dynamics in 
Nanoscale Materials: A 
Time-Domain Ab Initio 
Perspective  

S10 C3 Yasmine S. Al-Hamdani. 
Using quantum Monte Carlo for 
the interaction of water with 
carbonaceous and BN based 
substrates and assessing exchange-
correlation functionals

S6 C4 Dario Rocca.  
Dielectric matrix 
formulation of correlation 
energies within the 
Random Phase 
Approximation: Inclusion 
of screened exchange 
effects  

S11 I4 Daniel Berger. The 
QM/MM embedded 
cluster approach: 
exploiting locality 
effectively

S11 C2 Pablo Garcia 
Fernandez. A systematically 
improvable second-principles 
method including electron and 
lattice degrees of freedom

17:30

17:45
COFFEE BREAK

14:00

14:30
S10 C4 Can Ataca. High 
throughput quantum 
Monte Carlo calculations of 
material formation energies 

15:00

14:45

S6 I3 Xinguo Ren. 
Renormalized 
perturbation theory 
for total and self 
energies based on 
diagrammatic 
techniques

S11 I3 Cedric Weber. An 
implementation of dynamical 
mean field theory for nano-
structures and molecules

S6 C4 Igor Zhang.Test 
set for materials 
science and 
engineering 

S10 C1 Ching-Ming Yei. The 
Quantum Monte Carlo 
studies of interactions in 
van der Waals bilayer 
systems

S11 C4 Arash Mostofi. 
Multi-scale theory and 
simulation of the 
conductivity of carbon 
nanotube networks

S10 I4 Sandro Sorella. Ab-
initio molecular dynamics 
by quantum Monte Carlo

S11 C3 Shunsuke Yamada. A 
new method for calculating 
one-electron energy spectrum 
of a large system based on a 
first- principles divide-and-
conquer method 

S10 C2 Ryo Maezono. 
Electron Correlation on 
DNA Stacking: A Quantum 
Monte Carlo Study

S10 I3 Elif Ertekin. Bulk and 
defect properties of 
semiconductors via fixed node 
diffusion Monte Carlo

S11 I2 Luigi Genovese. The 
flexibility of Daubechies 
wavelets for Linear 
Scaling DFT calculations

S10 I2 Ronald Cohen. 
Quantum Monte Carlo for 
Materials at High
Pressures

TIME AUDITORIUM (1.806) CHAMBER HALL (624) ROOM 1+2+3 (575) ROOM 10 (169) ROOM 4+5 (110) ROOM 8+9 (100) TIME

LUNCH

LUNCH

14:15 14:15

15:15 15:15

16:30

19:00 19:00

20:00 20:00

18:45

Special Guest from 
Mugaritz Restaurant, 

The Science of 
Cooking, Open to the 

General Public

CONFERENCE GALA DINNER

18:45

18:00

V. Heine Award 
Ceremony 

17:15

S29 I2 Carsten Baldauf. 
Methods to study and 
represent the potential-
energy surface (PES) of 
biomolecules in isolation

18:15

18:30

S6 C7 Christopher Patrick. 
Investigating the initial 
Hamiltonian dependence 
of non-self-consistent 
calculations of RPA 
correlation energies 

S6 I5 Garnet Chan. 
Quantum chemistry in 
the condensed phase

17:45

18:15

17:30

16:45

S10 I7 Shiwei Zhang. 
Electronic structure 
calculations in correlated 
materials: an auxiliary-
field perspective

S6 C8 Salih Akbudak. 
Numeric atom-centered 
orbital basis set with 
correlation consistency for 
3d transition metals

S10 I8 Ali Alavi. Recent 
developments in FCIQMC

S24 I4 Stefano Ossicini. 
Second-order nonlinear 
optical spectroscopy: theory 
and applications

S10 C7 Kayahan Saritas. 
Characterizing Physical Errors in 
DFT for Ring Opening 
Isomerizations using Quantum 
Monte Carlo Calculations

S11 I7 Bill Curtin. X-
Mechanics for Flow and 
Ductility in Metal Alloys 

S16 C5 Markus Eisenbach. 
Replica Exchange Wang 
Landau Sampling for First 
Principles Multiple 
Scattering Calculation

S29 Electronic Structure 
Theory for Biophysics 
(partial)
Leonardo Guidoni
S29 I1 Jochen Blumberger. 
Ele ctron flow through 
bacterial nanowire 
proteins

S29 C1 Daniel Cole. 
Applications of Large-
Scale Electronic Structure 
Calculations in Biology

S10 I6 Lucas Wagner. 
Understanding strongly 
correlated systems using 
quantum Monte Carlo

18:00

15:30

17:15

18:30

16:30

17:00

16:15

16:00

15:45

S16 C4 Robert Baldock. 
Calculating pressure-
temperature phase 
diagrams of materials 

16:45

S23 C3 Elham Khosravi. Charge-
resonance enhanced ionization 
beyond the quasistatic model: 
insights from the exact 
factorization approach

16:00

S23 C1 Andrea Marini. A 
new approach to describe 
out-of-equilibrium 
processes in

li ti t i l b d

16:15

S23 C2 Daniele Fazzi. 
Modeling ultrafast exciton 
deactivation and charge 
transfer processes in 
organic photovoltaic 
materials: a chemical 
S23 I2 Carlo Rozzi. Ultrafast 
dynamics in light-
harvesting and 
photovoltaics: a 
theoretical and 
experimental investigation

15:30

15:45

S29 C2 Wei Fang. Nuclear 
Quantum Effects on the 
stability of DNA base pairs  

S10 I5 Leonardo Guidoni. 
Structures and properties 
of (bio)molecules from 
Quantum Monte Carlo

S6 C6 Jiangqiang Zhou. 
Alternative routes for 
calculations of total 
energies

17:00S23 C6 Jacob Spencer. Charge 
transfer in organic donor-
acceptor systems from ultrafast 
non-adiabatic molecular 
dynamics simulation

S23 C4 Samuel Murphy. 
Ultrafast laser induced solid-
solid phase transitions in 
tungsten

S23 C5 Enrico Perfetto. NEGF 
approach to pump-probe 
photoabsorption spectroscopy

S24 C6 Claudio Attaccalite. 
Nonlinear reponse of solids 
within the GW plus Bethe 
Salpeter approch: application 
to second and third-harmonic 
generation 
S24 I5 Kazuhiro Yabana. 
Time-dependent density 
functional theory for 
extreme nonlinear optics

S24 C5 Christine Giorgetti. 
Ab initio local field effects 
for surface second 
harmonic
generation

S11 C8 Eoin O’Reilly. 
Multiscale approach to 
treating random alloy effects in 
III-N nano structures

S11 C5 Vanessa Jane Bukas. 
“Hot” adatoms hopping: 
Phononic dissipation & 
equilibration dynamics from 
first-principles 

S11 I5 Karsten Reuter. 
First-Principles Kinetic 
Monte Carlo for Surface 
Catalysis: From 
Exploratory Tool to 
Commodity

S11 C7  Jordan Bieder. Second-
principles atomic potentials for 
finite temperature simulations: 
application to SrRuO3 
electrode material.

S11 C6 Marco Micciarelli. A 
multi-scale protocol for 
simulating the optical 
properties of natural dyes 
in solution

S11 I6 Dallas R. Trinkle. 
Automating diffusivity 
calculations for interstitial 
and solute diffusion from 
first-principles

15:00

S16 C3 Chiara Panosetti. 
Get real! Towards structure 
prediction of complex systems 
with efficient global optimization 
in an ab initio thermodynamics 
framework 

14:30

S24 C4 Tuomas Rossi. 
Quantum plasmonics of 
stretched nanorods 

S16 I6 Olle Hellman. 
Effective lattice dynamics 
for strongly anharmonic 
systems

14:45

S24 I3 Alberto Castro. 
Progress in the theory of 
control of electron 
dynamics

S16 I5 George Booth. 
Sampling, Embedding 
and Optimizing tractible 
many-electron 
wavefunctions in the 
solid state

13:4513:45

S16 C2 Xunhua Zhao. 
Formation of 1D adsorbed 
water structures on CaO(001): 
A first-principles genetic 
algorithm study

13:15

13:30

LUNCH

LUNCHLUNCH

S16 I4 Ralf Drautz. 
Analytic bond-order 
potentials: from a 
simplified description of 
the electronic structure 
to structural stability in 
elements and 
compounds 

14:00

9:00

S6 C2 Markus 
Betzinger. All-electron 
RPA total energies 
with infinite band 
summations  

12:15

12:30

10:45

9:15

S6 I2 Fred Manby. 
Distinguishable Cluster 
Theory

10:30

S6 C3 Alberto Ambrosetti. 
Wavelike Nature of van 
der Waals Interactions at 
the Nanoscale 

S16 C1. Sergey Pogodin. Ab 
initio Kinetic Monte Carlo 
study of temperature-
programmed desorption 
spectra of RuO2

S16 Ab Initio Statistical 
Mechanics

Luca Ghiringhelli
S16 I1 Tilmann Hickel. 
Coupling of magnetic 
and lattice dregrees of 
freedom in real Materials

S16 I3 Alessandro de Vita. 
Molecular Dynamics with On-
The-Fly Machine Learning of 
QM Forces

S16 I2  Roberto Car. Free 
energies and phase 
diagrams

13:00

12:00

11:45

12:45

S10 I1 Ethan Brown. 
Attacking the sign 
problem in path integral 
Monte Carlo from two 
directions

S10 Applications of 
Quantum Monte Carlo 

Methods 
Matthew Foulkes. Shiwei 

Zhang

S6 I1. Andreas Görling. 
Kohn-Sham methods 
based on the 
adiabatic-connection 
fluctuation-
dissipation theorem 

S11 Upscaling Electronic 
Structure: Reduced Scaling 
and Multi-Scale Methods 

Peter Haynes. Matthias 
Scheffler. 

S11 I1 Lin Lin. Fast 
algorithms for Kohn-Sham 
density functional
theory

S11 C1 Nicolas Hine. Excited 
state calculations and 
theoretical spectroscopy of 
complex nanomaterials using 
Linear-Scaling Density 
Functional Theory 

S6 Recent Advances in 
Diagrammatic 

Methods for the Total 
Energy

Georg Kresse. Patrick 
Rinke

9:00

9:15

S3 I1 Julie Staunton. 
Magnetic ordering and 
magnetic interactions in rare 
earth materials described by 
an ab-initio electronic 
structure theory

9:30

9:45

10:15S3 C1 Leon Petit. First principles 
study of valence and structural 
transitions in rare earth 
compounds under pressure

10:30

10:00

S3 f-electrons 
Silke Biermann

11:30

11:00

11:15

10:15

10:00

S6 C1 John Dobson. Layer 
Response theory for semi-
analytic energetics of vdW
bound layered materials

Plenary 4 
Georg Kresse. 

Quantum chemistry 
methods for 

condensed matter: 
current

status and future 
developments

9:30

9:45

11:15

11:30

S3 I2 Alexander Shick. 
Unified picture of electron 
correlation effects in 
unconventional Pu-based 
superconductors and δ-Pu 

S3 C2 Gertrud Zwicknagel. 
Heavy quasiparticles in 
YbRh2Si2: High temperatures 
and magnetic fields 

S24 I2 Pablo Garcia (with 
FJ Vidal). First-principles 
nanoplasmonics: Plasmon 
hybridization and 
photoinduced currents

S24 I1 Stefano Corni. 
Molecular and 
nanoplasmonics by first-
principle based 
approaches

S24 C3 Lauri Lehtovaara. 
Plasmon resonances in 
monolayer-protected metal
nanoparticles

S24 C1 Daniel Sanchez.First-
principles calculation of 
plasmonic near-fields: reaching 
atomic-scale resolution in 
nanooptics  

13:30

LUNCH

S3 C5 Priyanka Seth. Towards a 
first-principles determination of 
effective Coulomb interactions 
in correlated electron materials: 
Role of intershell interactions

S24 Non-Linear Optics of 
Materials and 

Nanoplasmonics
Valerie Veniard

S24 C2 Katsuyuki Nobusada. 
Optical Response Derived from 
Electric Field Gradient Inherent 
in Optical Near Field

11:45

S3 I3 Leonid Pourovskii. 
Orbital transition and 
pressure evolution of the 
low-energy electronic 
structure in CeM2X2 heavy-
fermion superconductors

12:00

10:45

11:00

12:45

13:15

12:15

S3 I5 Nicola Lanata. 
Electron Correlations in 
Plutonium and the 
Actinides Transition

12:30

S3 I4  Xi Dai. 
LDA+Gutzwiller method 
and its application to f-
electron materials

13:00

S6 I4 Thomas Olsen. 
Total energy 
calculations beyond 
the Random Phase 
Approximation

S3 C4 Jordan Bieder 
Thermodynamics of the α-γ 
transition in cerium from 
first principles

S23 Ultrafast Charge 
Transfer at the Nanoscale
Robert van Leeuwen. 
Gianluca Stefanucci. 
S23 I1 Oleg Prezdho. 
Excited State Dynamics in 
Nanoscale Materials: A 
Time-Domain Ab Initio 
Perspective  

S10 C3 Yasmine S. Al-Hamdani. 
Using quantum Monte Carlo for 
the interaction of water with 
carbonaceous and BN based 
substrates and assessing exchange-
correlation functionals

S6 C4 Dario Rocca.  
Dielectric matrix 
formulation of correlation 
energies within the 
Random Phase 
Approximation: Inclusion 
of screened exchange 
effects  

S11 I4 Daniel Berger. The 
QM/MM embedded 
cluster approach: 
exploiting locality 
effectively

S11 C2 Pablo Garcia 
Fernandez. A systematically 
improvable second-principles 
method including electron and 
lattice degrees of freedom

17:30

17:45
COFFEE BREAK

14:00

14:30
S10 C4 Can Ataca. High 
throughput quantum 
Monte Carlo calculations of 
material formation energies 

15:00

14:45

S6 I3 Xinguo Ren. 
Renormalized 
perturbation theory 
for total and self 
energies based on 
diagrammatic 
techniques

S11 I3 Cedric Weber. An 
implementation of dynamical 
mean field theory for nano-
structures and molecules

S6 C4 Igor Zhang.Test 
set for materials 
science and 
engineering 

S10 C1 Ching-Ming Yei. The 
Quantum Monte Carlo 
studies of interactions in 
van der Waals bilayer 
systems

S11 C4 Arash Mostofi. 
Multi-scale theory and 
simulation of the 
conductivity of carbon 
nanotube networks

S10 I4 Sandro Sorella. Ab-
initio molecular dynamics 
by quantum Monte Carlo

S11 C3 Shunsuke Yamada. A 
new method for calculating 
one-electron energy spectrum 
of a large system based on a 
first- principles divide-and-
conquer method 

S10 C2 Ryo Maezono. 
Electron Correlation on 
DNA Stacking: A Quantum 
Monte Carlo Study

S10 I3 Elif Ertekin. Bulk and 
defect properties of 
semiconductors via fixed node 
diffusion Monte Carlo

S11 I2 Luigi Genovese. The 
flexibility of Daubechies 
wavelets for Linear 
Scaling DFT calculations

S10 I2 Ronald Cohen. 
Quantum Monte Carlo for 
Materials at High
Pressures
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S17 C1 Yong Xu. Recent 
Progresses on The 
Research of Two-
Dimensional Stanene 

S17 C4 Alexey 
Soluyanov. New type of 
Weyl semimetals with 
a material illustration 

S5 C2 Irina Lebedeva. Time-
dependent density 
functional theory of magneto-
optical response of periodic 
insulators 

S17 C2 Hongming 
Weng. Theoretical 
prediction of 
Topological semimetals 

S21 C1 Carlo Motta 
Effects of the organic 
cation orientation in 
hybrid halide perovskites

S5 I1 Peter Blaha. 
Electron-hole interactions 
in theoretical 
spectroscopy

S5 C1 Roberto Cardia. Effects 
of substitution and 
functionalization on the 
electronic, optical, and 
transport properties of 
polycyclic aromatic 
hydrocarbons

S29 C7 Eduardo Diaz 
Suarez. Ab initio study of 
spectroscopic properties 
of porphyrins  

Plenary 5 
Jörg Neugebauer. 

Mastering the 
structural and 

thermodynamic 
complexity of modern

materials

S5 I2 Jan Minar. 
Theoretical description of 
angular momentum 
resolved photo emission 
on the basis of the one-
step model - recent 
developments

11:00

9:00

9:15

9:45

S28 C1 Pasquale Pavone. 
High-pressure and 
nonlinear elastic 
response of solids: 
Example of carbon 
allotropes

S29 C4 Daniele Varsano. 
Protein field effects on 
electronic excitations of 
biological chromophores: a 
QMC and GW/BSE approach 
in QM/MM environment 

S21 C2 Menno Bokdam. 
Optical absorption spectra 
and excitons of 
organometal halide 
perovskites

9:00

9:15

S17 I2 Kevin Garrity. 
First principles design of 
robust Chern insulators

S17 Topological 
Insulators 
David Vanderbilt
S17 I1 Irene Aguilera. 
Importance of 
relativistic GW 
calculations for 
topological insulators

10:30

10:45

9:45 S5 Theoretical 
Spectroscopy
Zeilla Zanolli

10:00

S21 Hybrid Photovoltaic 
Materials

Wanda Andreoni

9:30

S29 I3 Ursula 
Röthlisberger
Origin of the Spectral 
Shifts among the Early 
Intermediates of the 
Rhodopsin Photocycle

S26 C2 Ferenc Tasnadi. 
Vacancy formation energy 
in alloys: an example of 
TiAlN

S29 I5 Johannes 
Neugebauer. Density-
Based Embedding for 
Chromophores in 
Proteins

S21 C3 Javad Hashemi. 
Tuning the electronic and 
dielectric properties of solar 
cells: A strain-driven direct-
to-indirect bandgap 
transition 

S26 C1 Jun Cheng. First 
principles determination of 
redox potentials from random 
phase approximation and 
double hybrid functional 

S28 C2 Attila Cangi. 
Improving Ab-Initio 
Methods for Warm Dense 
Matter Simulations

S17 I3 Junwei Liu 
Topological crystalline 
insulator: new physics 
and materials

11:15

S26 I3 Sergey Levchenko. 
Defect-defect interaction 
at surfaces and interfaces 
at realistic conditions: 
Global versus local effects 
of doping

S29 Electronic Structure 
Theory for Biophysics 

(cont´d)
Leonardo Guidoni

S28 Matter Under 
Extreme Conditions

Hardy Gross

S28 I1 Dario Alfe. 
Transport properties 
of iron mixtures at 
Earths core conditions

S26 I1 Audrius Alkauskas. 
Radiative and 
nonradiative carrier 
capture at point defects: 
ab initio formulation of a 
classical problem

S26 Modeling of Defect 
Levels

Christoph Freysoldt

S26 I2 Hannu-Pekka 
Komsa. Formation 
energies and defect levels 
of charged defects in 2D 
materials

S29 C3 Jon Zubeltzu. 
Structural and dynamical 
properties of nanoconfined 
liquid water and ice

S29 I4 Daniele Bovi. Ab-
initio molecular 
dynamics studies of
Photosystem II complex

S28 I3 Kieron Burke. 
DFT for warm dense 
matter

11:15

9:30

11:30

11:45

10:45

10:30

10:00

11:00

10:15

12:00

12:15

13:15

13:30

13:00

12:30

12:45

S28 C3 Jonathan Lloyd-
Williams. Quantum 
Monte Carlo study of the 
phase diagram of solid 
molecular hydrogen at 
extreme pressures  

S28 C4 Andreas 
Hermann. New hydrogen 
bond network topologies 
in alkali hydroxides under 
pressure

S29 C6 Elena Molteni. A first-
principle study of the atomic 
and electronic properties of 
thymine molecule adsorbed 
on the Silicon(001) surface 

S21 I4 Feliciano Giustino. 
Bridging the gap 
between theory and 
experiment in 
photovoltaic research

S21 I3 Paolo Umari. 
Modelling hybrid 
photovoltaic devices 
through accurate GW 
and BSE calculations

S29 C5 Joaquim Jornet-
Somoza. Untangling 
Excitonic Energy Transfer for 
the LHC-II complex from Full 
First-Principles Calculations 

S21 C4 Jarvist Moore Frost. 
Hybrid halide perovskites: 
modelling crystal dynamics 
and devices 

S29 I6 Ville Kaila. Ab-
initio molecular 
dynamics simulation of 
polaron- and exciton-
OLED degradation 

S21 I2 Andrew Rappe. 
Shift Current and 
Ferroelectric Domain 
Walls in Organometal 
Halide Perovskites for 
Photovoltaic 
Applications

S28 I2 Yanming Ma. 
Crystal Structure 
Prediction Boosting 
Up High Pressure 
Discoveries

S26 I4 Alfredo Pasquarello. 
Determination of Defect 
Levels through Advanced 
Electronic Structure 
Methods

S26 C4 Al-Moatasem El-
Sayed. Hydrogen Induced 
Defect at Strained Si-O Bonds 
in Amorphous Silicon Dioxide

S26 C3 Yu Kumagai. 
Electrostatics-based finite-
size corrections for point 
defects in semiconductors

S17 I4 Jürgen Henk. 
Unexpected 
topological phases in 
topological insulators 
and in transition 
metals

11:30

S5 I3 Patrick Rinke. To 
GW and beyond: what 
we can learn from 
molecular calculations

S5 I4 Maurits Haverkort. 
Ab initio methods for 
excitons, resonances and 
band excitations in time 
and frequency domain

12:30

12:00

11:45 S17 C3 Domenico Di 
Sante. Topological Tuning 
in Three Dimensional 
Dirac Semimetals

10:15

13:00

S5 C4 Ngoc-Linh Nguyen. 
First-Principles 
Photoemission Spectroscopy 
in Molecules andb Electronic 
Structure of Extended 
Systems from Koopmans- 
Compliant Functionals

Closing Session

S17 C5 Shu-Chun Wu. 
Topological surface 
states of the Heusler 
topological insulators 

13:30

13:15

12:45

S5 C3 Umberto De 
Giovannini. Modeling time 
and angle-resolved 
photoelectron spectroscopy 
with time-dependent density 
functional theory 

12:15
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S17 C1 Yong Xu. Recent 
Progresses on The 
Research of Two-
Dimensional Stanene 

S17 C4 Alexey 
Soluyanov. New type of 
Weyl semimetals with 
a material illustration 

S5 C2 Irina Lebedeva. Time-
dependent density 
functional theory of magneto-
optical response of periodic 
insulators 

S17 C2 Hongming 
Weng. Theoretical 
prediction of 
Topological semimetals 

S21 C1 Carlo Motta 
Effects of the organic 
cation orientation in 
hybrid halide perovskites

S5 I1 Peter Blaha. 
Electron-hole interactions 
in theoretical 
spectroscopy

S5 C1 Roberto Cardia. Effects 
of substitution and 
functionalization on the 
electronic, optical, and 
transport properties of 
polycyclic aromatic 
hydrocarbons

S29 C7 Eduardo Diaz 
Suarez. Ab initio study of 
spectroscopic properties 
of porphyrins  

Plenary 5 
Jörg Neugebauer. 

Mastering the 
structural and 

thermodynamic 
complexity of modern

materials

S5 I2 Jan Minar. 
Theoretical description of 
angular momentum 
resolved photo emission 
on the basis of the one-
step model - recent 
developments

11:00

9:00

9:15

9:45

S28 C1 Pasquale Pavone. 
High-pressure and 
nonlinear elastic 
response of solids: 
Example of carbon 
allotropes

S29 C4 Daniele Varsano. 
Protein field effects on 
electronic excitations of 
biological chromophores: a 
QMC and GW/BSE approach 
in QM/MM environment 

S21 C2 Menno Bokdam. 
Optical absorption spectra 
and excitons of 
organometal halide 
perovskites

9:00

9:15

S17 I2 Kevin Garrity. 
First principles design of 
robust Chern insulators

S17 Topological 
Insulators 
David Vanderbilt
S17 I1 Irene Aguilera. 
Importance of 
relativistic GW 
calculations for 
topological insulators

10:30

10:45

9:45 S5 Theoretical 
Spectroscopy
Zeilla Zanolli

10:00

S21 Hybrid Photovoltaic 
Materials

Wanda Andreoni

9:30

S29 I3 Ursula 
Röthlisberger
Origin of the Spectral 
Shifts among the Early 
Intermediates of the 
Rhodopsin Photocycle

S26 C2 Ferenc Tasnadi. 
Vacancy formation energy 
in alloys: an example of 
TiAlN

S29 I5 Johannes 
Neugebauer. Density-
Based Embedding for 
Chromophores in 
Proteins

S21 C3 Javad Hashemi. 
Tuning the electronic and 
dielectric properties of solar 
cells: A strain-driven direct-
to-indirect bandgap 
transition 

S26 C1 Jun Cheng. First 
principles determination of 
redox potentials from random 
phase approximation and 
double hybrid functional 

S28 C2 Attila Cangi. 
Improving Ab-Initio 
Methods for Warm Dense 
Matter Simulations

S17 I3 Junwei Liu 
Topological crystalline 
insulator: new physics 
and materials

11:15

S26 I3 Sergey Levchenko. 
Defect-defect interaction 
at surfaces and interfaces 
at realistic conditions: 
Global versus local effects 
of doping

S29 Electronic Structure 
Theory for Biophysics 

(cont´d)
Leonardo Guidoni

S28 Matter Under 
Extreme Conditions

Hardy Gross

S28 I1 Dario Alfe. 
Transport properties 
of iron mixtures at 
Earths core conditions

S26 I1 Audrius Alkauskas. 
Radiative and 
nonradiative carrier 
capture at point defects: 
ab initio formulation of a 
classical problem

S26 Modeling of Defect 
Levels

Christoph Freysoldt

S26 I2 Hannu-Pekka 
Komsa. Formation 
energies and defect levels 
of charged defects in 2D 
materials

S29 C3 Jon Zubeltzu. 
Structural and dynamical 
properties of nanoconfined 
liquid water and ice

S29 I4 Daniele Bovi. Ab-
initio molecular 
dynamics studies of
Photosystem II complex

S28 I3 Kieron Burke. 
DFT for warm dense 
matter

11:15

9:30

11:30

11:45

10:45

10:30

10:00

11:00

10:15

12:00

12:15

13:15

13:30

13:00

12:30

12:45

S28 C3 Jonathan Lloyd-
Williams. Quantum 
Monte Carlo study of the 
phase diagram of solid 
molecular hydrogen at 
extreme pressures  

S28 C4 Andreas 
Hermann. New hydrogen 
bond network topologies 
in alkali hydroxides under 
pressure

S29 C6 Elena Molteni. A first-
principle study of the atomic 
and electronic properties of 
thymine molecule adsorbed 
on the Silicon(001) surface 

S21 I4 Feliciano Giustino. 
Bridging the gap 
between theory and 
experiment in 
photovoltaic research

S21 I3 Paolo Umari. 
Modelling hybrid 
photovoltaic devices 
through accurate GW 
and BSE calculations

S29 C5 Joaquim Jornet-
Somoza. Untangling 
Excitonic Energy Transfer for 
the LHC-II complex from Full 
First-Principles Calculations 

S21 C4 Jarvist Moore Frost. 
Hybrid halide perovskites: 
modelling crystal dynamics 
and devices 

S29 I6 Ville Kaila. Ab-
initio molecular 
dynamics simulation of 
polaron- and exciton-
OLED degradation 

S21 I2 Andrew Rappe. 
Shift Current and 
Ferroelectric Domain 
Walls in Organometal 
Halide Perovskites for 
Photovoltaic 
Applications

S28 I2 Yanming Ma. 
Crystal Structure 
Prediction Boosting 
Up High Pressure 
Discoveries

S26 I4 Alfredo Pasquarello. 
Determination of Defect 
Levels through Advanced 
Electronic Structure 
Methods

S26 C4 Al-Moatasem El-
Sayed. Hydrogen Induced 
Defect at Strained Si-O Bonds 
in Amorphous Silicon Dioxide

S26 C3 Yu Kumagai. 
Electrostatics-based finite-
size corrections for point 
defects in semiconductors

S17 I4 Jürgen Henk. 
Unexpected 
topological phases in 
topological insulators 
and in transition 
metals

11:30

S5 I3 Patrick Rinke. To 
GW and beyond: what 
we can learn from 
molecular calculations

S5 I4 Maurits Haverkort. 
Ab initio methods for 
excitons, resonances and 
band excitations in time 
and frequency domain

12:30

12:00

11:45 S17 C3 Domenico Di 
Sante. Topological Tuning 
in Three Dimensional 
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Monday 9:00–9:45 h, Auditorium 
Plenary 1

Materials discovery and scientific 
design by computation: what does it take?

Giulia Galli1

1) Institute for Molecular Engineering, University of Chicago

Substantial progress has been made in the last three decades in understanding and 
predicting the fundamental properties of materials and molecular systems from first principles, 
employing electronic structure methods and atomistic simulations. Using specific examples, 
I will discuss some of the major challenges involved in enabling scientific discoveries by 
computation; in particular I will touch upon theoretical validation; and collection, verification 
and use of data generated by simulations. I will also discuss some of the theoretical and 
algorithmic advances required to broaden the scope of properties accessible by current ab 
initio simulations. 

Monday 14:15–15:00 h, Auditorium
Plenary 2

Transversal transport coefficients and topological properties

Ingrid Mertig1,2

1) Martin Luther University Halle-Wittenberg, Halle, Germany 
2) Max Planck Institute of Microstructure Physics, Halle, Germany

Spintronics is an emerging field in which both charge and spin degrees of freedom of 
electrons are utilized for transport. Most of the spintronic effects—like giant and tunnel 
magnetoresistance—are based on spin- polarized currents which show up in magnetic 
materials; these are already widely used in information technology and in data storage 
devices.

The next generation of spintronic effects is based on spin currents which occur in metals 
as well as in insulators, in particular in topologically nontrivial materials. Spin currents are a 
response to an external stimulus—for example electric field or temperature gradient—and 
they are always related to the spin-orbit interaction. They offer the possibility for future low 
energy consumption electronics.

The talk will present a unified picture, based on topological prop- erties, of a whole zoo of 
transversal transport coefficients: the trio of Hall, Nernst, and quantum Hall effects, all in 
their conventional, anomalous, and spin flavor. The formation of transversal charge and spin 
currents as response to longitudinal gradients is discussed. Microscopic insight into all 
phenomena is presented by means of a quantum mechanical analysis based on the Dirac 
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equation in combination with a semi-classical description which can be very elegantly studied 
within the concept of Berry curvature.

Tuesday 09:00–09:45 h, Auditorium
Plenary 3

Novel Interaction and Correlation Effects in Quasi 2D Materials

Steve Louie1,2

1) Physics Department, University of California at Berkeley
2) Lawrence Berkeley National Lab, Berkeley, California 94720 U.S.A.

Experimental and theoretical studies of atomically thin quasi two-dimensional (2D) materials 
and their nanostructures have revealed that these systems can exhibit highly unusual 
behaviors. Owing to their reduced dimensionality, quasi 2D materials present opportunities 
for manifestation of concepts/phenomena that may not be so prominent or have not been 
seen in bulk materials. Symmetry, many-body interaction, and substrate screening effects 
often play a critical role in shaping qualitatively and quantitatively their electronic, transport 
and optical properties, and thus their potential for applications. In this talk, we present 
theoretical studies on quasi-2D systems such as monolayer and few-layer transition metal 
dichalcogenides (e.g., MoS2, MoSe2, WS2, and WSe2) and metal monochalcogenides (such 
as GaSe and FeSe) as well as graphene. Several quantum phenomena are discussed, 
including novel and dominant exciton effects, tunable magnetism, and electron 
supercollimation by disorder in these materials. We investigate their physical origins and 
compare theoretical predictions with available experimental data.

Wednesday 09:00–09:45 h, Auditorium
Plenary 4

Quantum chemistry methods for condensed matter:  
current status and future developments

Georg Kresse1

1) Faculty of Physics, Computational Materials Physics, University of Vienna.

The properties of all materials arise largely from the quantum mechanics of their constituent 
electrons under the influence of the electric field of the nuclei. The solution of the underlying 
many-electron Schrödinger equation is a non-polynomial hard problem, owing to the interplay 
of the kinetic energy, electron-electron repulsion and the Pauli exclusion principle. The 
dominant computational method for describing materials has been density functional theory, 
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although the accuracy of the predictions made by density functional theory can not be judged 
within the computational framework. Quantum-chemical methods based on an explicit 
ansatz for the many-electron wavefunctions are potentially more accurate and systematically 
improveable, but they have not been extensively explored in the solid state because of their 
computational complexity, which ranges from exponential to high-order polynomial in the 
number of electrons. 

This talk will give an introduction to quantum chemistry methods as well as Green’s 
function based many body perturbation theory discussing parallels and distinctions between 
the methods.

Results for the hierarchy of quantum-chemical techniques ranging from simple 
perturbational methods, such as Moeller Plesset theory, over coupled cluster techniques, up 
to configuration interaction quantum Monte Carlo are presented for a variety of solids [1]. As 
for molecular systems, coupled cluster methods are found to be very accurate, however the 
steep increase of the computational cost makes predictions for real materials still very 
timeconsuming. Simpler methods that recover the important ingredients of the many electron 
solution, such as the random phase approximation to the correlation energy, as well as 
improvements to this method are discussed alongside illustrative examples for important 
materials [2,3,4]. The talk will finish with an outlook on the challenges lying on the road 
towards validated first principles predictions.

[1] George H. Booth, Andreas Grüneis, Georg Kresse, and Ali Alavi, “Towards an exact description of 
electronic wavefunctions in real solids’’,Nature 493, 365 (2013).

[2] J. Harl and G. Kresse, “Accurate bulk properties from approximate many body techniques’’, Phys. 
Rev. Lett. 103, 056401 (2009).

[3] L. Schimka, J. Harl, A. Stroppa, A. Gruneis, M. Marsman, F. Mittendorfer, and G. Kresse, “Accurate 
surface and adsorption energies from many-body perturbation theory’’, Nature Materials 9, 741 
(2010).

[4] M. Kaltak, J. Klimes, and G. Kresse, “A cubic scaling algorithm for the random phase approxima-
tion: Selfinterstitials and vacancies in Si’’, Phys. Rev. B 90, 054115 (2014).

Thursday 09:00–09:45 h, Auditorium
Plenary 5

Mastering the structural and thermodynamic 
complexity of modern materials

Jörg Neugebauer1, Fritz Körmann1, Blazej Grabowski1, Tilmann Hickel1

1) Max-Planck-Institut für Eisenforschung, Max-Planck-Str. 1, 40237 Düsseldorf, Germany

Modern engineering materials have evolved from simple single phase materials to nano-
composites that employ dynamic mechanisms down to the atomistic scale. The structural 
and thermodynamic complexity of this new generation of structural materials presents a 
challenge to their design since experimental trial-and-error approaches as successfully used 
in the past are often no longer feasible. Ab initio approaches provide perfect tools to new 
design routes but face serious challenges: Free energies of the various phases are almost 
degenerate, requiring theoretical formalisms that accurately capture all relevant entropic 
contributions due to electronic, vibrational or magnetic excitations, as well as their coupling 
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such as phonon-phonon, magnon-phonon interactions or spin-quantization. In addition, their 
hierarchical nature with respect to length and time makes them challenging for any atomistic 
approach. Combining accurate first principles calculations with mesoscopic/macroscopic 
thermodynamic and/or kinetic concepts allows us now to address these issues and to 
determine free energies and derived thermodynamic quantities that often rival available 
experimental data. The flexibility and the predictive power of these approaches and the 
impact they can have on developing new strategies in materials design will be discussed for 
examples ranging from modern ultra-high strength steels, light weight metallic alloys to 
understanding the origins of critical failure mechanisms.
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Symp. 1: Thirty years of Car-Parrinello
Organized by Giulia Galli

Monday 9:45–18:45 h

Monday 9:45 h, Auditorium, Invited S1 I1

Accurate Thermal Conductivities from First Principles 

Christian Carbogno1

1) Fritz-Haber-Institut der Max-Planck-Gesellschaft 

Ab initio molecular dynamics (aiMD) is the computational technique to investigate the 
dynamics of solids at high temperatures, at which perturbative harmonic approximations 
break down. Determining accurate thermal transport coefficients from aiMD has so far 
remained elusive both due to conceptual and numerical challenges. In this work, we 
overcome these limitations by evaluating the auto-correlation function of the heat flux using 
the Green-Kubo formalism [1]. In this talk, we discuss the fundamental theory underlying a 
first-principles definition of the heat flux using the virial theorem. We demonstrate and 
validate our approach by inspecting silicon, the thermal conductivity of which is particularly 
challenging to converge [2]. Furthermore, we investigate the thermal conductivity of ZrO2, 
which is known for its high degree of anharmonicity and important role for thermal barrier 
systems. Our calculations shed light on the peculiar mechanism active in this material, which 
eventually allows us to discuss how to control it by doping and co-doping [3].
(*) In collaboration with M. Scheffler (Fritz-Haber-Institut), R. Ramprasad (Univ. of Connecticut), C. G. 

Levi and C. G. Van de Walle (Univ. of California Santa Barbara). 

[1] R. Kubo, M. Yokota, S. Nakajima, J. Phys. Soc. Jpn. 12, 1203 (1957).
[2] Y. He et al., Phys. Chem. Chem. Phys. 14, 16209 (2012). 
[3] C. Carbogno et al., Phys. Rev. B 90, 144109 (2014).

Monday 10:15 h, Auditorium, Contributed S1 C1

First Principles Liquid Water: the quest for the perfect density 
functional

Marivi Fernandez-Serra1, Michelle Fritz2, Jose M. Soler2

1) Stony Brook University, Stony Brook, NY, USA 
2) Universidad Autonoma de Madrid, Madrid, Spain 

New van der Waals density functionals have shown that the thermodynamic and structural 
properties of DFT-based liquid water are very much improved with respect to those of GGA 
density functionals. Unfortunately, the DFT description of liquid water is still behind that of 
polarizable force-field model potentials that have been fitted to reproduce high level quantum 
chemistry ab initio data (at the CCSD(T) level and beyond). We present here a study of the 
structural and dynamical properties of a newly developed van der Waals density functional 
optimized to reproduce the same many-body partition energies (up to 3 body terms) used in 
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the fitting of the MB-Pol (J. Chem. Theory Comput. 10, 2906 (2014)) force field. We will show 
how improved 2-body and 3-body interactions modify the density and and compressibility of 
liquid water and ice, bringing the accuracy of DFT-based water to that of the state of the art 
polarizable force fields.

Monday 10:30 h, Auditorium, Contributed S1 C2

Coupled electron-nuclear dynamics in non-adiabatic process:  
The exact factorization approach

Federica Agostini1, Ali Abedi2, Seung Kyu Min3, Yasumitsu Suzuki4, Neepa T. Maitra5, 
E. K. U. Gross1

1) Max-Planck-Institute of Microstructure Physics, Halle - Germany 
2) Centro Joxe Mari Korta, Nano-bio Spectroscopy Group, San Sebastian - Spain 
3) Department of Chemistry, School of Natural Science, Ulsan National Institute of Science and 

Technology - Korea 
4) Tokyo University of Science - Japan 
5) Department of Physics and Astronomy, Hunter College of the City University of New York - USA 

The quantum-classical modelling of non-adiabatic processes in large molecular systems is 
among the major challenges in Theoretical Chemistry and Condensed Matter Physics. 
Beyond the Born-Oppenheimer (BO) approximation a molecule cannot be visualised as a 
set of nuclei moving on a single electronic potential energy surface (PES). The excited 
states dynamics has to be taken into account and coupled to a classical description of the 
nuclear motion. But how is such classical motion generated, if the problem does not allow to 
uniquely identify the force as the gradient of a PES? In fact several BO-PESs and their 
couplings have to be considered when dealing with non-adiabatic processes. This question 
is answered by introducing the exact factorization of the electron-nuclear wave function [1], 
which allows to define uniquely the time-dependent potential responsible for the nuclear 
dynamics coupled to the non-adiabatic electronic motion. The theory provides two exact 
coupled equations, one for the electrons and one for the nuclei. In order to transform this 
idea into a useful computational scheme, we investigate the properties of the potential, we 
analyse the quality of the classical approximation [2] and we develop a quantum-classical 
algorithm by treating classically the nuclear dynamics [3,4].

[1] A. Abedi, et al., PRL (2010)
[2] F. Agostini, et al., JCP (2015)
[3] F. Agostini, et al., JCP (2014)
[4] S.K. Min, et al., arXiv:1504.00250 [physics.chem-ph] (2015)
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Monday 10:45 h, Auditorium, Invited S1 I2

The Microscopic Structure, Equilibrium Density, and Local 
Environment of Liquid Water

Robert A. DiStasio Jr.1

1) Princeton University, Department of Chemistry, Princeton, NJ 08544, USA 

In this work, we have performed extensive density functional theory (DFT) based ab initio 
molecular dynamics (AIMD) simulations of liquid water at ambient conditions in both the 
canonical (NVT) and isothermal-isobaric (NpT) ensembles to investigate the individual and 
collective importance of exact exchange, non-local van der Waals (dispersion) interactions, 
and nuclear quantum effects on the structural properties of liquid water. AIMD simulations 
which systematically account for these effects result in structural properties which are in 
excellent agreement with experiment and a liquid water having an equilibrium density within 
a few percent of the experimental value of approximately 1 g/cm3. A detailed analysis of the 
local environment in ambient liquid water has revealed that individual water molecules 
naturally fluctuate between spatially high- and low-density environments and the 
corresponding inherent potential energy surface (IPES) is bimodal, consistent with the 
existence of polymorphism in the amorphous phases of water. With these findings, the 
methodology presented herein overcomes the well-known limitations of semi-local DFT and 
provides a detailed and accurate microscopic description of ambient liquid water.

Monday 11:15 h, Auditorium, Contributed S1 C3

Electronic Structure and Redox Levels of Liquid Water: Effect of 
Non-Local van der Waals Interactions and Hybrid Functionals

Francesco Ambrosio, EPFL, Switzerland
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Monday 11:30 h, Auditorium, Contributed S1 C4

Ab-initio molecular dynamics simulation of polaron- and  
exciton-OLED degradation

Marco Cazzaniga1, Fausto Cargnoni1, Alberto Bossi1, Davide Ceresoli1

1) Consiglio Nazionale delle Ricerche, Istituto di Scienze e Tecnologie Molecolari (CNR-ISTM), via 
Golgi 19, 20133 Milan, Italy 

Organic light-emitting diodes (OLEDs) offer the potential of using both the singlet and triplet 
excitons in realizing 100% internal quantum efficiencies of electro-luminescence. However, 
the injected charge carriers (electrons and holes) may become trapped at morphological 
and chemical defects, and recombine non-radiatively. These phenomena, not only limit the 
quantum efficiency of the device, but are also responsible for the degradation of the device 
(leading to aging and failure), through the formation of highly reactive radical species. A 
complete understanding of the degradation pathways, beyond phenomenological models, 
based on atomistic/microscopic modeling, is still missing to date. In this work, we performed 
Car-Parrinello molecular dynamics with constrained orbital occupations to simulate the fate 
of an electron, a hole and an electron-hole pair, electrically injected into three host OLED 
materials (CBP, mCP and α-NPB). We found that polaron- and exciton-trapping is associated 
with large conformational changes and weakening of some ancillary C-C and C-N bonds. By 
computing the conformational and bond-breaking barriers we estimate the polaron/exciton 
residence time and tendency towards chemical degradation.

Monday 11:45 h, Auditorium, Invited S1 I3

Capture of CO2 in Amine Aqueous Solutions: Insights from Ab 
Initio Molecular Dynamics

Wanda Andreoni1

1) Institut de Théorie des Phénomènes Physiques Ecole Polytechnique Fédérale de Lausanne, 
Lausanne, Switzerland 

The most mature technology for CO2 capture, exploits a cyclic process, in which CO2 is 
selectively and reversibly absorbed in an amine aqueous solution, and primarily 
monoethanolamine (MEA). Several groups worldwide are engaged in the search for novel 
more efficient amine-based solvents. From the perspective of intelligent molecular design, 
understanding the relative importance of the various mechanisms postulated for the uptake 
and release of CO2 is considered to be important. However, this is not an easy task. In my 
talk, I will survey the attempts made so far with ab initio methods, and emphasize the new 
understanding we have gained using Car-Parrinello-based metadynamics simulations of 
relevant chemical reactions [1]. Limitations of current approaches, including our own, will 
also become clear from the presentation.

[1] C. Ma, F. Pietrucci and W. Andreoni, J. Phys. Chem. Lett. 5, 1672-77 (2014); J. Chem. Theory 
Comput. 11, 3189-98 (2015).
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Monday 12:15 h, Auditorium, Invited S1 I4

Verification and Validation of First-Principles Molecular Dynamics 
Simulations

Francois Gygi1

1) University of California Davis, USA 

We consider issues related to the verification and validation of First-Principles Molecular 
Dynamics (FPMD) simulations and compare various statistical methods for analyzing the 
approach to equilibrium. We focus on the example of the PBE400 dataset which describes 
the properties of liquid water within the PBE approximation of DFT. Complete FPMD 
trajectories are available for 32 independent samples of a 64- molecule system, for a duration 
of 58 ps (cumulative duration of ~1.8 ns). Simulations were run using the Qbox code[1]. A 
statistical analysis of various physical quantities, including pair correlation functions, allows 
for an estimation of the variance of averaged quantities, both within MD runs and between 
samples. We observe several instances of large fluctuations in the oxygen pair correlation 
functions that can be associated with increases in the local structure index[2] defined by 
Shiratani and Sasai. The PBE400 dataset is available online[3].
[1] Qbox code, http://eslab.ucdavis.edu/software/qbox
[2] E. Shiratani and M. Sasai, J. Chem. Phys. 104, 7671 (1996).
[3] http://www.quantum-simulation.orgı
Supported by US DOE/BES grant DE-SC0008938

Monday 15:00 h, Auditorium, Invited S1 I5

MP2 and RPA calculations of liquid water

Juerg Hutter1, Mauro Del Ben1, Joost VandeVondele2

1) Department of Chemistry, University of Zurich 
2) Department of Materials, ETH Zurich 

We have developed a novel algorithm for the calculation of MP2 and RPA correlation energies 
of extended systems based on a hybrid Gaussian and Plane Waves (GPW) approach with 
the resolution-of-identity approximation (RI).

The method relies on the dual representation of the RI fitting densities in terms of Gaussian 
and Plane Waves auxiliary functions, leading to a simplified treatment of the Coulomb interactions 
that is particularly efficient in the condensed phase. The RI approximation allows to speed up the 
MP2 energy calculations by a factor 10 to 15 compared to the canonical implementation.

The implementation has low memory requirements and displays excellent parallel 
scalability up to tens thousands of processes. Furthermore, the computationally most 
demanding parts can be accelerated by employing graphics processing units (GPU).

In this way, RI-MP2 and RI-RPA calculations for condensed phase systems containing 
hundreds of atoms and thousands of basis functions can be performed within minutes 
employing a few hundreds hybrid nodes. This has allowed us to use these high level 
electronic structure methods for performing first principle simulations of bulk liquid water 
under ambient conditions.
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Monday 15:30 h, Auditorium, Invited S1 I6

Challenges and advances for accurate large-scale electronic 
structure and dynamics

Heather Kulik1

1) Massachusetts Institute of Technology 

Recent advances in algorithms and new architectures now make it possible to study with 
first principles techniques, such as density functional theory (DFT), both dramatically larger 
in size and longer accessible timescales with ab initio molecular dynamics. I will discuss a 
few recent applications of graphical-processing-unit-accelerated electronic structure for ab 
initio molecular dynamics in the discovery of biopolymer cleavage pathways, the dynamics 
and function of a prototypical class of enzymes, and in the discovery of low energy structures 
of semiconducting nanoparticles. Nevertheless, even as large-scale simulation becomes 
increasingly feasible, there remains a need to enhance and improve efficiently scaling and 
affordable but accurate descriptions of exchange-correlation functionals in DFT. In particular, 
the proper treatment of exchange is critical for a large class of systems, and selection of 
functional and its weight of Hartree-Fock exchange is often treated on an ad hoc manner. I 
will provide some recent insight into the extent to which either Hubbard model or exact 
exchange approaches tune the electronic and magnetic properties of transition metal 
containing materials, as a clear picture is needed for the large-scale application of DFT to 
complex inorganic materials

Monday 16:00 h, Auditorium, Contributed S1 C5

Converged Nuclear Quantum Statistics from Semiclassical Path 
Integral Molecular Dynamics

Igor Poltavsky1, Alexandre Tkatchenko1

1) Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin, Germany 

The quantum nature of nuclear motions plays a vital role in the structure, stability, and 
thermodynamics of molecules and materials. The standard approach to take nuclear 
quantum effects (NQE) into account is path-integral molecular dynamics (PIMD). Conventional 
PIMD simulations require exceedingly large number of classical subsystems (beads) to 
accurately capture NQE, resulting in considerable computational cost due to the rather high 
internal vibrational frequencies of many systems of interest. We propose to combine 
quantum-mechanical perturbation theory with PIMD simulations and derive the corresponding 
non-empirical partition function and estimators to calculate converged thermodynamic 
averages. Our qPI approach requires the same ingredients as the conventional PIMD 
simulations, but decreases the number of required beads by roughly an order of magnitude. 
This greatly extends the applicability of ab initio PIMD for realistic molecular systems. Results 
are shown for thermodynamics of model 1D systems, empirical water model containing 256 
water molecules within periodic boundary conditions, and ab initio PIMD simulations of small 
molecules. For all of these examples, 4 to 8 beads is sufficient for qPI approach to recover 
the NQE contribution to the total energy within 3% accuracy.
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Monday 16:15 h, Auditorium, Invited S1 I7

Generalized Langevin Equations: Fine-tuning Molecular Dynamics 
from Car-Parrinello, to Efficient Sampling, to Quantum Effects

Michele Ceriotti1

1) École Polytechnique Fédérale de Lausanne 

The use of Generalized Langevin Equations as a thermostatting strategy was inspired by the 
search for a stochastic thermostat that did not disturb adiabatically-separated Car-Parrinello-
like dynamics [1].

Here I will review how, starting from this simple objective, a comprehensive framework 
could be developed to achieve an exquisite control of the sampling properties of a molecular 
dynamics trajectory, ranging from efficient sampling [2], to stabilization of multiple-time-step 
algorithms [3], to the inexpensive modeling of the quantum nature of light nuclei [4-6].
[1] Ceriotti, M., Bussi, G., & Parrinello, M. (2009). Phys. Rev. Lett., 102(2), 20601.
[2] Ceriotti, M., Bussi, G., & Parrinello, M. (2010). Journal of Chemical Theory and Computation, 6(4), 

1170–1180.
[3] Morrone, J. a., Markland, T. E., Ceriotti, M., & Berne, B. J. (2011). Journal of Chemical Physics, 

134(1), 14103.
[4] Ceriotti, M., Bussi, G., & Parrinello, M. (2009). Physical Review Letters, 103(3), 30603.
[5] Ceriotti, M., Manolopoulos, D. E., & Parrinello, M. (2011). The Journal of Chemical Physics, 134(8), 

84104.
[6] Ceriotti, M., & Manolopoulos, D. E. (2012). Physical Review Letters, 109(10), 100604.
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Monday 16:45 h, Auditorium, Invited S1 I8

Water at interfaces and other hydrogen bonded systems – insight 
from ab initio molecular dynamics

Angelos Michaelides1

1) UCL 

Recent years have seen huge advances in the accuracy and realism of first principles 
simulations. It is now an exciting time that issues such the role of van der Waals dispersion 
forces, quantum nuclear effects, and thermal (dynamical) effects can all be explored with 
first principles approaches. In this talk some of our work in this area will be discussed. This 
includes a consideration of the importance of quantum nuclear effects in chemical reactions 
at surfaces and in hydrogen bonding. I will also discuss how the friction of water at surfaces 
can be computed from first principles; revealing surprising results for the behavior of water 
at the surfaces of layered materials.

Monday 17:15 h, Auditorium, Contributed S1 C6

Predicting anomalous properties of water using ab initio 
molecular dynamics

Biswajit Santra1, Robert A. DiStasio Jr.1, Hsin-Yu Ko1, Roberto Car1,2,3,4

1) Department of Chemistry, Princeton University, Princeton, NJ 08544, USA 
2) Department of Physics, Princeton University, Princeton, NJ 08544, USA 
3) Princeton Institute for the Science and Technology of Materials, Princeton University, Princeton, 

NJ 08544, USA 
4) Program in Applied and Computational Mathematics, Princeton University, Princeton, NJ 08544, 

USA 

In nature ambient liquid water is denser than its solid counterpart, crystalline ice, an 
anomalous property of water which has enormous impact on the environment and life. 
However, semi-local (GGA) density functional theory (DFT) based ab initio molecular 
dynamics fail to predict this important property of water. We have found that this discrepancy 
arises due to the lack of van der Waals (vdW) interactions in GGA-DFT. In fact, an accurate 
description of vdW interactions is crucial in stabilizing liquid water configurations with an 
increased population of molecules in the interstitial region (i.e., the region between the first 
two coordination shells), thereby increasing the density by ~15% with respect to ambient 
liquid water at the GGA-DFT level of theory. Furthermore, by simultaneously accounting for 
both exact exchange and vdW interactions, the computed equilibrium densities of both liquid 
water and crystalline ice were found to be within a few percent of the experimentally observed 
densities—a level of accuracy that has been difficult to achieve from DFT simulations of 
water to date. With such accurate potentials, we further attempt to predict and characterize 
the anomalous density maximum that is observed in liquid water just above the melting 
temperature.
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Monday 17:30 h, Auditorium, Invited S1 I9

Electrochemical systems simulated by First-principles molecular 
dynamics simulations

Minoru Otani1

1) National Institute of Advanced Industrial Science and Technology 

Expanding capabilities of the first-principles molecular dynamics (FPMD) simulation is 
indispensable in materials science which becomes more complicated and extensive. 
Although there is an increased interest in the environmental and energy problems, the 
electrochemical system was an unexplored field in FPMD. In the last decade, considerable 
effort has been devoted to developing a technique to elucidate the microscopic detail of 
electrochemical reactions at electrode-electrolyte interface.

To conduct a FPMD simulation on electrochemical devices in working condition, we 
proposed a method to simulate a biased electrode-electrolyte interface [1]. We have 
developed a method to control the electrode potential by connecting the system with an 
external potentiostat [2]. Using these two methods, we can construct a realistic model of the 
electrochemical system.

In the presentation, I will give an overview of the method and show some applications for 
dynamic and static calculations, such as the solvation/desolvation process with electron-
transfer reaction and the atomic diffusion on electrode surfaces under a bias potential.

[1] M. Otania and O. Sugino, Phys. Rev. B 73, 115407 (2006).
[2] N. Bonnet, T. Morishita, O. Sugino, and M. Otani, Phys. Rev. Lett. 109, 266101 (2012).

Monday 18:00 h, Auditorium, Contributed S1 C7

Proton transfer dynamics at the solid/liquid interface

Steffen Seiler1, Paul Schwarz1, Christina Ebensperger1, Bernd Meyer1

1) Interdisciplinary Center for Molecular Materials and Computer-Chemistry-Center, Friedrich-
Alexander-University Erlangen-Nürnberg, Germany 

Car-Parrinello Molecular Dynamics (CPMD) simulations have been pivotal in advancing our 
understanding of proton transport in hydrogen-bonded bulk liquids on the molecular scale. 
Two examples will be discussed which demonstrate that the bulk proton dynamics can 
change significantly in spatially confined liquids and at solid/liquid interfaces. The first 
example will be water in contact with hydroxylated oxide surfaces. We find that the energetical 
hierarchy of preferred protonation sites and the proton distribution on the surface depend on 
the environment and change from the vacuum to thin water films and the full solid/liquid 
interface. The surfaces readily deprotonate in the CPMD simulations due to their inherent 
acidity and the protons are redistributed by surface assisted and water-mediated transfer 
events. In the second example we studied the proton diffusion in sulfuric acid confined 
between the graphene layers in graphite intercalation compounds. Here we will show that 
the confinement and the oxidation state of the graphene sheets have a profound impact on 
the dynamics of proton transfer events in the sulfuric acid liquid.
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Monday 18:15 h, Auditorium, Invited S1 I10

Electrons and holes at the TiO2 – water interface 

Annabella Selloni1, Sencer Selcuk1, Ye-Fei Li2

1) Princeton Univeristy 
2) Fudan University 

The common picture of excess and photoexcited carriers in TiO2 is based on the polaron 
model, where electrons are localized at Ti sites to form Ti3+ species while holes are trapped 
by oxygen anions to form O- species. The location and energies of the trapped species at or 
near the surface play a key role in the reactivity and have been probed by a variety of 
experimental techniques, but there is no consensus on whether the carriers are located at 
subsurface or surface sites and how these sites depend on the surrounding environment. 
We shall present results on the localization and dynamics of excess electrons and holes on 
bare TiO2 anatase surfaces and anatase-water interfaces. We shall discuss the effects of 
different surface terminations, hydroxyls and impurities as well as the interaction between 
localized carriers and water at the interface.
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Symp. 2: GW and BSE
Organized by Rex Godby, Lucia Reining

Tuesday 10:30–16:15 h

Tuesday 10:30 h, Room 4 + 5, Invited S2 I1

From LDA++ to X+DMFT: strategies for interfacing electronic 
structure and many-body theory

Silke Biermann1

1) Centre de Physique Theorique, Ecole Polytechnique, France 

Combining density functional and dynamical mean field theory [1] has boosted electronic 
structure calculations for correlated materials to a point to establishing this line of work as a 
new field of research, with tremendous success for addressing both, fundamental and 
applied questions.

We will discuss recent developments in the field, concerning dynamical screening effects 
[2], combined many-body perturbation + dynamical mean field theory (“GW+DMFT”) [3,4] 
and the most recent “screened exchange dynamical mean field theory” [5]. As a side-product, 
these results also give new insights into the success of density functional theory for 
spectroscopies of weakly correlated materials [6].
[1] A.I. Lichtenstein and M.I. Katsnelson, PRB 57, 6884, (1998).
 Anisimov et al., J. Phys. Cond. Mat. 35, 7359 (1997).
[2] For a review, see S. Biermann, J. Phys.: Condens. Matter 26 173202 (2014)
[3] J.M. Tomczak et al., EPL 100 67001 (2012); PRB 90 165138 (2014)
[4] P. Hansmann et al., PRL 110 166401 (2013)
[5] A. van Roekeghem, Phys. Rev. Lett. 113 266407 (2014) [6] A. van Roekeghem, S. Biermann, Eu-

rophysics Letters 108 57003 (2014).

Tuesday 11:00 h, Room 4 + 5, Contributes S2 C1

Bethe-Salpeter equation for correlation energies and post-GW 
self-energies

Emanuele Maggio1, Georg Kresse1

1) University of Vienna, Faculty of Physics and Centre for Computational Materials Science 

To describe materials properties, the two particle propagator of many-body perturbation 
theory is a key quantity. Once calculated, it allows one to determine particle conserving 
excitation energies, correlation energies, as well as charge neutral quasi-particle energies, 
such as band gaps.

To calculate the two particle propagator the Bethe-Salpeter equation (BSE) is usually 
discretized in a particle-hole basis allowing for efficient computations. To access the quantities 
enumerated above, however, one needs to go beyond the usual Tamm Dancoff approximation, 
which is done in the present work.



Ψk-2015

54 Abstracts of  Inv i ted and Contr ibuted Talks

Using this approach we calculate the correlation energy of the homogeneous electron 
gas. Furthermore, we construct from the two-particle propagator the self-energy operator, 
allowing us to go beyond the random phase approximation and the standard GW scheme 
respectively. The relevance of this post-GW self-energy contribution is calculated for the 
homogeneous electron gas and for prototypical semiconductors and insulators.

Tuesday 11:15 h, Room 4 + 5, Contributed S2 C2

Accurate band gaps of extended systems via efficient vertex 
corrections in GW

Wei Chen1, Alfredo Pasquarello1

1) Ecole Polytechnique Federale de Lausanne (EPFL) 

Accurate determination of band gaps of extended systems remains challenging within the 
framework of GW. Notably, the quasiparticle self-consistent GW systematically overestimates 
the band gaps as a result of the neglect of vertex corrections in the screening. Here we 
propose the use of an efficient bootstrap exchange-correlation kernel to account for the 
vertex corrections in self-consistent GW calculations. The approximate kernel leads to 
accurate band gaps for various extended systems, including simple sp semiconductors, 
wide band-gap insulators, and 3d transition-metal compounds. The accuracy is compatible 
with that obtained via the solution of the Bethe-Salpeter equation, making the method 
particularly useful for band-gap predictions of large-scale systems.

Tuesday 11:30 h, Room 4 + 5, Invited S2 I2

Ab-initio superconductivity: SCDFT and Eliashberg

Antonio Sanna1

1) Max Planck Institute of Microstructure Physics 

Predicting the critical temperature of Superconductors with no experimental input has proven 
to be really difficult.

More than 50 year after the BCS theory of superconductivity many important classes of 
superconductors like cuprates and the iron family are not completely understood at a 
fundamental level.

Eliashberg theory of superconductivity, that is essentially a GW$_0$ method in the off 
diagonal Nambu channel, has been so far the most successful and popular approach for 
phononic superconductivity. Although the coulomb part of the $W$ is modeled and reduced 
to a fitting parameter in the \’so called\’ $\\mu*$ approach.

Density Functional Theory for Superconductors (SCDFT), on the other hand, accounts 
(within GW$_0$) for both Coulomb and Phonon interactions on the same footing, at the 
same time skipping the complexity of tedious Matsubara sums.

However, missing vertex corrections limit its applicability to phononic superconductors.
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In this talk we review these approaches, most recent functionals, computational schemes 
and present results on new and classic superconductors. We discuss the role of spin 
fluctuations and the structure of pairing interactions in Iron based superconductors.

Tuesday 12:00 h, Room 4 + 5, Contributed S2 C3

Fully parameter-free calculation of optical spectra for insulators, 
semiconductors and metals from a simple polarization functional

Arjan Berger1

1) Laboratoire de Chimie et Physique Quantiques, IRSAMC, Universite Toulouse III - Paul Sabatier, 
CNRS, and European Theoretical Spectroscopy Facility (ETSF), 118 Route de Narbonne, 31062 
Toulouse Cedex, France 

The Bethe-Salpeter equation (BSE) has been proved to be an accurate tool for the description 
of the optical spectra of solids. Unfortunately the computational effort required to solve the 
BSE precludes its application to large systems. Therefore an approach based on the 
numerically more affordable density-functional theory giving optical spectra of similar quality 
as the BSE is much sought after.

In this work we present the first fully parameter-free density-functional approach for the 
accurate description of optical absorption spectra of insulators, semiconductors and metals 
[1]. We show that this can be achieved within time-dependent current-density-functional 
theory using a simple dynamical polarization functional. Our method is truly predictive 
because it gives results of BSE quality without using any parameters. In particular, we do not 
use an ad hoc material-dependent broadening parameter to compare theory to experiment 
as is usually done. Our approach describes the excitonic effects in insulators and 
semiconductors as well as the Drude tails in metals. It is also numerically efficient; the cost 
of a calculation equals that of a calculation within the random-phase approximation.
[1] J.A. Berger, submitted, arxiv: 1503.00333.

Tuesday 14:00 h, Room 4 + 5, Contributed S2 C4

Electron and Optical Spectroscopies of Graphene Nanoribbons on 
Au(111): Insights from Ab-Initio Calculations

Andrea Ferretti1, Shudong Wang1, Deborah Prezzi1, Alice Ruini1,2, Elisa Molinari1,2

1) S3 Center, Istituto Nanoscienze, I-41125, Modena, Italy 
2) University of Modena and Reggio Emilia, FIM dept, I-41125, Modena, Italy 

Narrow graphene nanoribbons (GNRs) exhibit substantial electronic band gaps and optical 
properties expected to be fundamentally different from the ones of their parent material 
graphene. Unlike graphene the optical response of GNRs may be tuned by the ribbon width 
and the directly related electronic band gap. 

In this work we perform ab initio calculations and compute quasiparticle energies and 
optical properties of GNRs within the so-called GW-BSE scheme. We focus on a specific 
armchair nanoribbon (7-AGNR). The presence of the substrate is accounted for by means 
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of a classical image charge model for the screened Coulomb interaction. Our findings show 
that the metallic substrate induces a significant reduction of the energy gap as compared to 
the isolated 7-AGNR, bringing the GW gap from 3.7$\\pm$0.1 eV to 2.3-2.7 eV on Au(111). 
On the contrary, the position of the optical peaks remains unaltered. Our results are in very 
good agreement with the experimental values obtained by STS, ARPES, and differential 
reflectance data, indicating that this scheme can provide quantitative predictions for electron 
and optical spectroscopies of nanoribbons on weakly coupled substrates such as Au.

Tuesday 14:15 h, Room 4 +5, Invited S2 I3

How well does \emph{GW} Describe Magnetism?

Mark van Schilfgaarde1

1) King’s College London 

Using the quasiparticle self-consistent GW approximation (QSGW), we analyse the electronic 
electronic structure and magnetic properties of a range of local-moment and itinerant-
moment magnetic systems. For many metals, self-consistency is essential for a reasonable 
description for key electronic properties such as the Fermi surface and magnetic moment. 

QSGW describes the magnetic moment in local-moment systems very well, but 
overestimates moments and exchange splittings in local moment systems. For Fe, an 
archetypal local-moment system, where high quality ARPES and de Haas van Alphen data 
are available, QSGW describes ARPES in the Fermi liquid regime to a high degree of 
precision, provided ARPES is suitably interpreted. But in Ni, a system with considerable itin- 
erancy, it overestimates the exchange splitting, and in La2CuO4 and CoO, antiferromagnetic 
insulators whose gap originate as a consequence of broken time-reversal symmetry, 
bandgaps are severely overestimated. We show that QSGW combined with Dynamical 
Mean Field theory largely redresses these errors. It is argued that spin fluctuations are 
primarily responsible for discrepancies with experiment, in contrast to MnO and NiO, where 
they seem much less important. 

Tuesday 14:45 h, Room 4 + 5, Contributed S2 C5

GW for Electron-Phonon Coupling Calculations in Carbon-based 
Materials

Carina Faber1,2 Paul Boulanger2, Claudio Attaccalite2 and Xavier Blase2

1) Materials Theory Group, ETH Zurich, Switzerland
2) Institut Néel, CNRS, Grenoble, France

Within many-body perturbation theory (MBPT) and the GW approximation, we study the 
electronphonon coupling (EPC) in carbon-based systems, taking as paradigmatic examples 
the fullerene molecule, graphene and diamond. For these study cases, it has been 
demonstrated by several groups that EPC strength is significantly underestimated at the 
DFT-LDA level, while GW calculations offer an excellent agreement with experiments [1,2,3]. 
Similar results have been obtained for superconducting bismuthates and transition-metal 
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chloronitrides [4]. However, the related computational costs of evaluating the EPC strength 
at the GW level are high and thus represent strong limitations to a widespread application. 
We therefore discuss the accuracy of two less demanding alternatives on the MBPT level, 
namely the static Coulomb-hole plus screenedexchange (COHSEX) approximation and 
further the constant screening approach. In the latter, variations of the screened Coulomb 
potential W upon small changes of the atomic positions along the vibrational eigenmodes 
are neglected. We show [5] that this latter approximation is most reliable, whereas the static 
COHSEX ansatz leads to substantial errors. These findings open the way for combining the 
present MBPT approach with efficient linear-response theories.
[1] Faber, C., Laflamme-Janssen, J., Côté, M., Runge, E. and Blase, X., Phys. Rev. B, 84, 155104(2011)
[2] Lazzeri, M., Attaccalite, C., Wirtz, L. and Mauri, F., Phys. Rev. B, 78, 081406 (2008)
[3] Antonius, G., Poncé, S., Boulanger, P., Côté, M. and Gonze, X., Phys. Rev. Lett., 112, 215501(2014)
[4] Yin, Z.P., Kutepov, A. and Kotliar, G., Phys. Rev. X, 3, 021011 (2013)[5] Faber, C. et al., Phys. Rev. 

B 91, 155109 (2015)

Tuesday 15:00 h, Room 4 + 5, Contributed S2 C6

Multiscale simulation of exciton diffusion in organic materials via 
GW-BSE

Jens Wehner1, Denis Andrienko1, Björn Baumeier1

1) Max Planck Institute for Polymer Research Mainz 

The initial phase of free charge carrier generation in organic solar cells involves the diffusion 
of strongly bound electron-hole pairs to a donor acceptor interface. In such systems the 
exciton dynamics are determined by an interplay between molecular electronic structure and 
large-scale morphology. Understanding this interplay is crucial to aid the rational design of 
organic solar cells.

To this end, we study exciton diffusion using a rate-based model. It has been shown that 
GW-BSE yields accurate excitation energies and natively includes long-range coulomb 
interaction at moderate computational cost [1-3]. Thus, even for a large number of molecules, 
a coherent treatment of on-site energies and exciton couplings in quantum/classical (GW-
BSE/MM) calculations is possible.

To incorporate electrostatic and polarization effects we introduce a scheme, which couples 
GW-BSE to an atomistic environment. The approach is employed to investigate the influence 
of morphology and temperature on the exciton diffusion in DCV5TMe3, a donor material 
used in a prototypical high efficiency small molecule organic solar cell.
[1] Baumeier, B., Andrienko, D. & Rohlfing, M. Frenkel Theory. J. Chem. Theory Comput. 8, 2790-

2795 (2012).
[2] Baumeier, B., Andrienko, D., Ma, Y. & Rohlfing, M. J. Chem. Theory Comput. 8, 997-1002 (2012).
[3] Boulanger, P., Jacquemin, D., Duchemin, I. & Blase, X. J. Chem. Theory Comput. 10, 1212-1218 

(2014).
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Tuesday 15:15 h, Room 4 + 5, Contributed S2 C7

High-throughput GW

Michiel van Setten1, Matteo Giantomassi1, Xavier Gonze1, Geoffroy Hautier1,  
Gian-Marco Rignanese1

1) Universite catholique de Louvain, Institute of Condensed Matter and Nanosciences, Chemin de 
Etoiles, 8, bte L7.03.01, 1348 Louvain-la-Neuve, Belgium 

High-throughput calculations at the DFT level already require sophisticated scripts for job 
generation, execution, error handling and date processing. At the level of many-body 
perturbation theory the demands become even more stringent. Basically a \’one parameter 
set fits all\’ approach does not work anymore and individual converged parameter-sets and 
computational settings need to be determined.

We present the approaches developed to tackle this problem for GW calculations. We 
discuss our approach for automatic convergence testing, dynamical test grid extension and 
data analysis. As a first application we calculate the quasiparticle spectrum of 100+ solids. 
This ensemble size allows for the statistically relevant extraction of correlations between 
converged input parameters and observables from the KS spectrum.

Finally we discuss the current limitations and problems in Abinit that have surfaced during 
this project

Tuesday 15:30 h, Room 4 + 5, Contributed S2 C8

A local representation of the dielectric response function

Xiaochuan Ge1, Deyu Lu1

1) Center for Functional Nanomaterials, Brookhaven National Laboratory

The screened dielectric response function ($\\chi$) is a fundamental physical quantity that 
captures the many-electron correlation effect, key to a range of excited state properties 
formulated in the GW/BSE framework. Although $\\chi$ is non-local by definition, a real 
space partition of $\\chi$ onto local structural motifs can help us gain further physical insight 
into, e.g., effective local screening properties. Because the bare response function, $\\
chi_0$, is normally expressed in electron - hole pairs, standard localization procedures for 
electron wave functions can not be directly applied. In this work, we propose a new method 
to decompose $\\chi_0$ and $\\chi$ into contributions from local response of Wannier 
orbitals. We demonstrate that the localization properties of the local response can be 
exploited to build a local basis set for the dielectric response function, which can be used to 
construct a tight-binding Hamiltonian to perform dielectric band structure interpolation.

Research carried out at the Center for Functional Nanomaterials, Brookhaven National 
Laboratory, which is supported by the U.S. Department of Energy, Office of Basic Energy 
Sciences, under Contract No. DE-SC0012704.
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Tuesday 15:45 h, Room 4 + 5, Invited S2 I5

Exciton Dispersion from first principles

Francesco Sottile1, Matteo Gatti1, Giorgia Fugallo1, Pierluigi Cudazzo1

1) Ecole Polytechnique, LSI, France 
2) European Theoretical Spectroscopy Facility 

We present ab initio calculation of plasmon and exciton dispersion of wide-gap insulators, 
(LiF or hBN), 2D systems (BN and MoS2) and molecular solids. With the help of the Bethe-
Salpeter Equation (recently extended [1,2] to describe full coupling momentum excitonic 
effects) we calculate the momentum dispersion of the first low-lying excitons, both visible 
and dark. Their particular behaviour is analysed (with respect to momentum intensity and 
direction, coupling effect, real space distribution and interference effects) and the results are 
compared with recent inelastic X-ray scattering [3] and with electron energy loss spectroscopy 
[4,5].
[1] M. Gatti and F. Sottile, Phys. Rev. B \\textbf{88}, 155113 (2013)
[2] F. Sottile et al. The EXC code (GPL) http://www.bethe-salpeter.org/
[3] P. Abbamonte et al., PNAS \\textbf{105}, 12519 (2008)
[4] F. Roth et al, J. Chem. Phys. \\textbf{136}, 204708 (2012)
[5] P. Cudazzo, M. Gatti, A.Rubio, and F. Sottile Phys. Rev. B \\textbf{88}, 195152 (2013)

Tuesday 16:15 h, Room 4 + 5, Contributed S2 C9

Electron energy loss and inelastic x-ray scattering cross sections 
from time-dependent density-functional perturbation theory

Iurii Timrov1, Nathalie Vast, Ralph Gebauer, and Stefano Baroni
1) SISSA, Trieste

The Liouville-Lanczos approach to linear-response time-dependent density-functional theory 
is generalized so as to encompass electron energy loss and inelastic x-ray scattering 
spectroscopies in periodic solids. The computation of virtual orbitals and the manipulation of 
large matrices are avoided by adopting a representation of response orbitals borrowed from 
(time-independent) density functional perturbation theory and a suitable Lanczos recursion 
scheme. The latter allows the bulk of the numerical work to be performed at any given 
transferred momentum only once, for a whole extended frequency range. The numerical 
complexity of the method is thus greatly reduced, making the computation of the loss function 
over a wide frequency range at any given transferred momentum only slightly more expensive 
than a single standard ground-state calculation and opening the way to computations for 
systems of unprecedented size and complexity. Our method is validated on the paradigmatic 
examples of bulk silicon and aluminum, for which both experimental and theoretical results 
already exist in the literature.
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Tuesday 16:30 h, Room 4 + 5, Contributed S2 C10

Accurate G0W0 quasiparticle energies from FLAPW calculations

Dmitrii Nabok1, Andris Gulans1, Claudia Draxl1

1) Humboldt-Universität zu Berlin 

The GW approach of many-body perturbation theory has become a common tool for 
calculating the electronic properties of bulk materials. However, with the increasing number 
of published results, significant deviations between the values obtained by different methods 
and codes become more and more apparent. For a test set of small- and wide-gap 
semiconductors, we demonstrate how to reach the numerically best electronic structure 
within the framework of the full-potential linearized augmented planewave (LAPW) method. 
We first evaluate the role of local orbitals (LO\’s) in the performance of the DFT groundstate, 
to eliminate the linearization error, also in comparison with earlier work [1]. We construct 
different types of LO\’s to devise an efficient scheme which allows us to reach an accurate 
description of unoccupied states. The role of the basis set quality is then further analyzed 
when calculating the G0W0 quasiparticle energies. Our results, computed with the exciting 
code, are compared to those obtained using the PAW formalism [2], finding, overall, very 
good agreement between both methods. We provide additional data as a benchmark for 
other G0W0 implementations.
[1] C. Friedrich et al., Phys. Rev. B 74, 045104 (2006).
[2] J. Klimes et al., Phys. Rev. B 90, 075125 (2014).



Ψk-2015

 Abstracts of  Inv i ted and Contr ibuted Talks 61

Tuesday 16:45 h, Room 4 + 5, Contributed S2 C11

Tuning the optical spectrum of carbon nanotubes by the 
environment

Michael Rohlfing1, Yuchen Ma2

1) Institut for Solid-State Theory, University of Muenster, Muenster, Germany 
2) School of Chemistry and Chemical Engineering, Shandong University, Jinan, People’s Republic 

of China 

The optical spectra of nanostructured systems can be manipulated (e.g., red-shifted) when 
the environment is changed, e.g. by physisorbed material, even without chemical modification.

The spectrum of a carbon nanotube (CNT) can be red-shifted by several 10 meV by 
environmental polarizability, e.g. from another CNT at touching distance (see the figure for 
peak shifts in the visible spectrum of several (N,0) CNTs [1]), or by the admixture of charge-
transfer configurations [1,2]. Similar effects are observed in layered materials, like graphene/
graphite of boron nitride.

Spectra can also be modified by atomic adsorbates, like oxygen or hydrogen atoms on 
the surface of a CNT [3].

We discuss all these effects in terms of the Bethe-Salpeter equation (BSE) for electron-
hole pair states on the basis of a preceding GW calculation.
[1] M. Rohlfing, Phys. Rev. Lett. 108, 087402 (2012).
[2] H. Yin, Y. Ma, J. Mu, C. Liu, and M. Rohlfing, Phys. Rev. Lett. 112, 228301 (2014).
[3] J. Mu, Y. Ma, H. Yin, C. Liu, and M. Rohlfing, Phys. Rev. Lett. 111, 137401 (2013).
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Symp. 3: F – electrons
Organized by Olle Eriksson, O. Andersson, Paul Durham, 

Silke Biermann
Wednesday 09:45–13:15 h

Wednesday 09:45 h, Room 8 + 9, Invited S3 I1

Magnetic ordering and magnetic interactions in rare earth 
materials described by an ab-initio electronic structure theory

J.B. Staunton1, L. Petit2, R. Banerjee1, M. Lueders2, Z. Szotek2, D. Paudyal3, Y. 
Mudryk3, V.K. Pecharsky4, K.A. Gschneidner Jr.4

1) University of Warwick, Coventry CV4 7AL, U.K. 
2) Daresbury Laboratory, Daresbury, Warrington WA4 4AD, U.K. 
3) The Ames Laboratory, U.S. Department of Energy, Iowa State University, Ames, Iowa 50011-

3020, U.S.A. 
4) The Ames Laboratory, U.S. Department of Energy and Department of Materials Science and 

Engineering, Iowa State University, Ames, Iowa 50011-3020, U.S.A. 

The Density Functional Theory (DFT)-based \’disordered local moment\’ (DLM) picture for 
magnetism at finite temperatures shows how relatively slowly fluctuating local moments can 
emerge from the interacting electrons of many materials. With a suitable description of the 
f-electron states, this is a good model for rare earth magnets providing a quantitative 
description of magnetic ordering and magnetic phase diagrams [1]. We demonstrate the 
approach with an ab-initio theory of magnetocaloric effect (MCE) and results for gadolinium 
[2]. Finally we explore an apparently simple prototypical class of lanthanide magnets (GdZn, 
GdCd and GdMg) with rich, complex and diverse magnetism. We explain why GdZn and 
GdCd are simple ferromagnets and predict a remarkably large increase of Curie temperature 
with pressure for GdCd which has been confirmed experimentally [3]. Moreover we find the 
origin of a ferromagnetic-antiferromagnetic competition in GdMg manifested by non-collinear, 
canted magnetic order at low temperatures. Replacing 35% of the Mg atoms with Zn removes 
this transition in excellent agreement with longstanding experimental data [3].
[1] I.D. Hughes et al., Nature, 446, 650, (2007); [2] J.B. Staunton et al., JPCM, 26, 274210, (2014);[3] 

L. Petit et al., submitted (2015).
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Wednesday 10:15 h, Room 8 + 9, Contributed S3 C1

First principles study of valence and structural transitions in rare 
earth compounds under pressure.

Leon Petit1, Axel Svane2, Martin Lueders1, Zdzislawa Szotek1, Venkatakrishnan 
Kanchana3, Ganapathy Vaitheeswaran4

1) Daresbury Laboratory, Warrington, United Kingdom 
2) Aarhus University, Aarhus, Denmark 
3) Indian Institute of Technology, Hyderabad, India 
4) University of Hyderabad, Hyderabad, India 

The self-interaction corrected (SIC) local spin-density (LSD) approximation is used to study 
the sequence of structural and electronic transitions that occur in rare earth compounds 
(rare earth mono-tellurides and EuO) under pressure. It emerges that at ambient conditions 
all the rare earth tellurides (RTe) are stabilized in the NaCl (B1) structure. The corresponding 
rare earth valency is nominally trivalent (R3+), with the exception of SmTe, EuTe, DyTe, 
TmTe, and YbTe, that are characterized by a divalent (R2+) ion, corresponding to a fully 
localized f-electron configuration. Under pressure the CsCl (B2) structure becomes 
energetically favourable. Whilst the trivalent RTe undergo an isovalent structural transition, 
the divalent RTe are characterized by a succession of structural and valence transitions, the 
order of which is determined by the degree of f-electron localization. This interplay between 
structural and electronic degrees of freedom becomes even more noticeable in EuO. Here, 
starting from the Eu2+ ground state, an insulator to metal transition around 48 GPa leads to 
an valency increase in the B1 phase, followed at around 60 GPa by a structural transition to 
a B2 phase with an associated decrease in valency. This scenario is in line with the reentrant 
valence behaviour observed in recent pressure experiments.

Wednesday 10:30 h, Room 8 + 9, Contributed S3 C2

Heavy quasiparticles in YbRh2Si2: High temperatures and 
magnetic fields

Gertrud Zwicknagl1

1) Institut f. Mathematische Physik, TU Braunschweig, Mendelssohnstr. 3, 38106 Braunschweig, 
Germany 

The unusual properties of lanthanide-based Kondo lattice systems have been the focus of 
interest for several decades. The local correlations among the electrons of the partially filled 
4f shells lead to rich phase diagrams with anomalous states. The latter include strongly 
renormalized Fermi liquids with heavy quasiparticles, unconventional superconductivity and 
various forms of unusual magnetic ordering. While the qualitative overall picture of a coherent 
Fermi liquid state with the 4f-degrees of freedom included in the Fermi surface has been 
generally accepted by now it is still not yet clear (a) how the characteristic excitations of the 
low-temperature Fermi liquid – the heavy quasiparticles – actually form and (b) what the 
relevant temperature scales are.
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To address this question, we first investigate the evolution of the Fermi surface in YbRh2Si2 
when the Kondo effect is weakened by a strong magnetic field. The heavy quasiparticles are 
determined by the Renormalized Band method. The calculated temperature-dependent 
4f-spectral functions exhibit the characteristic features of the “large” Fermi surface up to 
temperatures far above the single-ion Kondo temperature in agreement with recent ARPES 
measurements. Consequences for the interpretation of experimental data are discussed

Wednesday 10:45 h, Room 8 + 9, Invited S3 I2

Unified picture of electron correlation effects in unconventional 
Pu-based superconductors and δ-Pu

Alexander Shick1

1) Institute of Physics, ASCR, Na Slovance 2, 18221 Prague, Czech Republic 

PuCoGa5, discovered in 2002, has the highest critical temperature of 18.5 K among heavy- 
fermion superconductors, that is one order of magnitude higher than for typical heavy-
fermion compounds. The electron correlation effects in PuCoGa5 are investigated making 
use of a combination of the local density approximation (LDA) and an exact diagonalization 
(ED) of an effective discrete Anderson impurity model. The band structure obtained by the 
relativistic version of the full-potential linearized augmented plane wave method (FP-LAPW) 
is extended to account for the f-orbital atomic multiplets and their hybridization with the 
conduction bands. We show that the unconventional character of superconductivity in the 
Pu-115 compounds and the unusual physical properties of δ-Pu, in particular the unexpected 
absence of magnetism, may have a common origin in the intermediate-valence nature of the 
Pu 5f-electron ground state, and propose that they belong to the new class of the intermediate 
valence materials with the multi-orbital “Kondo-like” singlet ground-state. Crucial role of 
complex spin-orbital fn-fn+1 multiplet structure differently hybridized with conduction states in 
such Racah materials is discussed.

Wednesday 11:15 h, Room 8 + 9, Invited S3 I3

Orbital transition and pressure evolution of the low-energy 
electronic structure in CeM2X2 heavy-fermion superconductors

Leonid Pourovskii1, Philipp Hansmann1, Michel Ferrero1, Didier Jaccard2, Antoine 
Georges1

1) Centre de Physique Théorique, CNRS, École Polytechnique, 91128 Palaiseau, France 
2) DPMC-University of Geneva, 24 Quai Ernest-Ansermet, 1211 Geneva 4, Switzerland 

We have performed first-principles dynamical-mean-field-theory study of “122” heavy-
fermion superconductors CeCu2Si2, CeCu2Ge2 and CeAu2Si2 with the aim of understanding 
the evolution of their normal-state electronic structure and its relation to the orbital degrees 
of freedom of the crystal-field split Ce 4f shell. Our calcultions predict that CeCu2Si2 and 
CeCu2Ge2 undergo a transition between two regimes dominated by different crystal-field 
states. At low pressure P and low temperature T the Ce 4f electron resides in the atomic 
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crystal-field ground state, while at high P or T the electron occupancy and spectral weight is 
transferred to an excited crystal-field level that hybridizes more strongly with itinerant states. 
This change of orbital occupancy is accompanied by a drastic reduction of the effective 
mass and a reconstruction of the Fermi surface. The physical origin of this orbital transition 
is a competition between the crystal-field splitting and Kondo scale as can be shown on the 
basis of a two-band periodic Anderson model. For both CeCu2Si2 and CeCu2Ge2 the predicted 
zero-temperature transition pressure is located closely to the maximum of the high-pressure 
superconducting dome. Hence, the corresponding fluctuations may be responsible for the 
high-pressure superconducting phase observed in these materials. In CeAu2Si2 we predict 
two orbital crossovers to occure with increasing pressure, providing a possible explanation 
for its particularly complex pressure-temperature phase diagram.

Wednesday 11:45 h, Room 8 + 9, Invited S3 I4

LDA+Gutzwiller method and its application to f electron materials

XI DAI1, Zhong Fang1, XiaoYu Deng1, MingFeng Tian1

1) Institute of Physics and Beijing National Laboratory for Condensed Matter Physics, Chinese 
Academy of Sciences, Beijing 100190, China 

We develop an ab initio density functional theory incorporating with Gutzwiller variational 
approach, which is equally applicable to the ground state of systems ranging from weakly 
correlated metals to strongly correlated insulators even with long-range ordering. We then 
apply this newly developed method to study the phase diagram of the Cerium metal. Our 
calculation beaded on LDA+Gutzwiller can then give the complete phase diagram of Ce in 
the full temperature and pressure range, which is in very good agreement with the 
experimental data.Another successful application of the method is to reveal the topological 
features of the electronic structure in mixed valence compound SmB6, which will also be 
introduced in the presentation.

Wednesday 12:15 h, Room 8 + 9, Contributed S3 C4

Thermodynamics of the α-γ transition in cerium from first 
principles

Jordan Bieder1,2, Bernard Amadon2

1) Theoretical Materials Physics, Université de Liège, Allée du Six Août 17, B-4000 Sart Tilman, 
Belgium

2) CEA, DAM, DIF, F-91297 Arpajon, France

The Dynamical Mean Field Theory (DMFT) combined with density functional theory has 
been successful to describe strongly correlated materials [1].

However, the computation of the ground state properties requires a good accuracy from 
both the DFT and the DMFT side. We use thus a strong coupling Continuous Time Quantum 
Monte Carlo (CT-QMC) solver, which is fast and able to reach low temperatures, in 
combination with a projector augmented wave (PAW) DMFT implementation.
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Extensive calculations using this implementation [2] allows us to carefully reassess the 
ground state properties and thermodynamics of the α/γ phase transition in Cerium at a large 
range of temperatures.

In particular, stochastic noise is small enough to avoid any ambiguity on the interpretation 
and the electronic entropy is included.
[1] G. Kotliar et al. Rev. Mod. Phys. 78, 865(2006)
[2] J. Bieder et al. Phys. Rev. B 89, 195132(2014)

Wednesday 12:30 h, Room 8 + 9, Invited S3 I5

Electron Correlations in Plutonium and the Actinides Transition

Nicola Lanata’1, Yongxin Yao2, Wenhu Xu3, Cai-Zhuang Wang2, Kai-Ming Ho2, Gabriel 
Kotliar1

1) Department of Physics and Astronomy, Rutgers University, Piscataway, New Jersey 08856-8019, 
USA 

2) Ames Laboratory-U.S. DOE and Department of Physics and Astronomy, Iowa State 
3) Condensed Matter Physics and Materials Science Department, Brookhaven National Laboratory, 

Upton, NY 11973 

We perform first principle calculations of Pu and the other actinides using the Gutzwiller 
approximation (GA) in combination with density functional theory (DFT), finding good 
agreement with the experiments.

In particular, we discuss the zero-temperature phase diagram of Pu [PRX 5, 011008 
(2015)] in relation with the so called “actinides transition”, i.e., the abrupt change of density 
found experimentally near Pu as a function of the atomic number in the actinides.

Our analysis demonstrate that these phenomena are due to the f-electron correlations 
and their interplay with other physical effects, such as the spin-orbit coupling and the Peierls 
mechanism.
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Wednesday 13:00 h, Room 8 + 9, Contributed S3 C5

Towards a first-principles determination of effective Coulomb 
interactions in correlated electron materials: Role of intershell 
interactions

Priyanka Seth1, Philipp Hansmann2, Ambroise van Roekeghem1, Loig Vaugier1, Silke 
Biermann1

1) Centre de Physique Theorique, Ecole Polytechnique, CNRS UMR 7644, 91128 Palaiseau, 
France 

2) Max-Planck-Institute for Solid State Research, 70596 Stuttgart (Germany) and Centre de 
Physique Theorique, Ecole Polytechnique, CNRS UMR 7644, 91128 Palaiseau, France 

We describe the construction of an effective low-energy Hamiltonian for correlated materials 
in which the interaction of localised d- and f-states with ligand p-states is non-negligible. 
Traditional single-shell models have been shown to be unsuitable in describing such systems 
while a multi-shell treatment is prohibitively expensive. Based on the constrained random 
phase approximation, we calculate from first-principles effective screened Coulomb 
interactions that take into account inter- shell interactions explicitly. This scheme is applied 
to a variety of systems including the actinide oxides, elemental Ce and the transition-metal 
oxide NiO. For UO2 and NiO, we compare the spectrum calculated within configuration 
interaction cluster calculations using these ab initio parameters to photoemission and inverse 
photoemission data and find excellent agreement.
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Symp. 4: Correlated Electrons
Organized by: Organized by Markus Aichhorn, Silke 

Biermann, Massimo Capone, J. Kunes, and Eva Pavarini
Tuesday 10:00–18:30 h

Tuesday 10:00 h, Auditorium, Invited S4 I2

What about “Ferroelectric Metals”?

Gianluca Giovannetti1

1) CNR-IOM-Democritos National Simulation Centre and International School for Advanced Studies 
(SISSA) 

A class of materials known as “Ferroelectric Metals” was discussed theoretically by Anderson 
and Blount in 1965 [1], but in the past no examples of this class of materials have been 
reported. Recently LiOsO_3 has been found to be a “Ferroelectric Metal” in the sense that it 
is a metal but its crystal structure breaks inversion-symmetry [2]. We address the driving 
force behind the ferroelectric instability and the metallic state of LiOsO_3 supporting the 
scenario that electron-electron repulsions are closely related to the ferrolectric metallic state. 
A detailed understanding of the electronic structure of LiOsO_3 shows that kinetic energy 
loss drives the system into a Mott insulating state. We use this underlaying property of 
LiOsO_3 to engineer a superlattice between LiOsO_3 and LiNbO_3 and we show that this 
offers the opportunity to create an insulating material, namely Li_2NbOsO_6, with multiferroic 
properties. Next we discuss the electronic properties of a new candidate polar metal 
SrEuMo_2O_6 in which the contraindication between metallicity and polar distortions is 
alleviated through renormalized quasiparticles, promoted by effects of electronic correlations 
due to Hund’s coupling, which are unable to fully screen the ordered local dipoles. In that 
sense “Ferroelectric metals” emerge as a new class of correlated materials.
[1] Anderson et al., Phys. Rev. Lett. 14, 217 (1965) [2] Y. Shi et al., Nat. Mat. 12, 1024 (2013).

Tuesday 10:30 h, Auditorium, Contributed S4 C1

Non-empirical calculation of transition temperature for alkali-
doped fullerene superconductors

Yusuke Nomura1, Shiro Sakai2, Massimo Capone3, Ryotaro Arita4

1) Department of Applied Physics, University of Tokyo 
2) Center for Emergent Matter Science (CEMS), RIKEN 
3) SISSA and CNR-IOM Democritos National Simulation Center 
4) Center for Emergent Matter Science (CEMS), RIKEN and JST ERATO Isobe Degenerate 

π-Integration Project, AIMR 

The high transition-temperature (Tc) s-wave superconductivity in fullerides A3C60 (A=K, Rb, 
Cs) is of great interest. The existence of Mott-insulating phase next to the superconducting 
phase implies a relevance of electron correlations [1]. On the other hand, the low-spin state 
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and dynamical Jahn-Teller effect in the Mott-insulating phase revealed a crucial role of 
phonons [1].

In the present study, we apply a recently-formulated downfolding scheme [2] to fcc A3C60 
systems and construct realistic low-energy models. We find that the alkali-doped fullerides 
are unique strongly-correlated systems with the Jahn-Teller phonons dominating over Hund’s 
coupling, which leads to effectively negative exchange interactions. 

We solve these multi-orbital Hamiltonians with the extended dynamical mean-field theory. 
Remarkably, the calculated Tc’s show a good agreement with the experimental data at a 
quantitative level (Figure). The low-spin Mott-insulating phase is also comprehensively 
reproduced. A detailed analysis reveals that the superconductivity is driven by the unusual 
cooperation between the strong correlations and phonons [3].

[1] R. H. Zadik, et al., Sci. Adv. 1, e1500059 (2015). 
[2] Y. Nomura et al., Phys. Rev. Lett. 112, 027002 (2014).
[3] Y. Nomura et al., submitted.

Tuesday 10:45 h, Auditorium, Contributed S4 C2

Density Functional Theory for Plasmon-Assisted 
Superconductivity: Development and Its Applications

Ryosuke Akashi1, Mitsuaki Kawamura2, Shinji Tsuneyuki1, Yusuke Nomura3,  
Ryotaro Arita4

1) Department of Physics, The University of Tokyo, Tokyo, Japan 
2) Institute of Solid State Physics, The University of Tokyo, Chiba, Japan 
3) Department of Applied Physics, The University of Tokyo, Tokyo, Japan 
4) RIKEN Center for Emergent Matter Science, Saitama, Japan; JST ERATO, Tohoku University, 

Miyagi, Japan 

One of the most fascinating goals in the studies of superconductivity is the predictive 
calculation of superconducting transition temperatures (Tc). For a conventional phonon-
induced superconducting mechanism, a predictive first-principles scheme is established by 
the recent progress in the density functional theory for superconductors (SCDFT) (Lueders 
et al., PRB 2005); the current SCDFT-based scheme systematically reproduces Tc observed 
by experiments in the conventional systems such as niobium and MgB2, with discrepancies 
no more than a few kelvin. However, further extensions to include other mechanisms are 
imperative to treat more general materials.
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Recently, there has been substantial progress in this issue. Gross and coauthors have 
developed an extended scheme to incorporate the pairing mediated by spin fluctuations 
(Essenberger et al., PRB 2014). On the other hand, we have addressed the plasmon 
mechanism of superconductivity (Akashi and Arita, PRL 2013). This mechanism is expected 
to be relevant in a wide range of systems because it can cooperate with the conventional 
phonon mechanism. Our extended scheme enables us to evaluate the effects on Tc of the 
plasmon and phonon mechanisms on equal footing. In the presentation, we introduce its 
formulation and recent applications to Li and sulfur hydride under pressure.

Tuesday 11:00 h, Auditorium, Contributed S4 C3

From dynamically screened Hubbard U to Holstein phonons in 
extended dynamical mean-field theory

Michele Casula1

1) CNRS and Institut de Minéralogie, de Physique des Matériaux et de Cosmochimie, Université 
Pierre et Marie Curie, 4 Place Jussieu, 75252 Paris 

We review the recent progress made in the dynamical mean-field theory (DMFT) framework 
to include screened interactions from first principles. We present results of the dynamically 
screened U in iron pnictides (BaFe2As2), aromatic molecular crystals (K3picene), and the 
perovskite oxyde SrVO3. In BaFe2As2 we explain the effect of the dynamically screened 
Hubbard interaction in the electronic structure and spectral properties[1], in K3picene we 
show how to properly include local Holstein electron-phonons couplings from ab-initio 
calculations[2], while in SrVO3 we discuss the role of dynamic versus non-local self-energy 
effects captured by the combination of GW with DMFT (GW+DMFT)[3].
[1] M. Casula, Ph. Werner, L. Vaugier, F. Aryasetiawan, T. Miyake, A. J. Millis, and S. Biermann, Phys. 

Rev. Lett. 109, 126408 (2012);
[2] G. Giovannetti, M. Casula, P. Werner, F. Mauri, and M. Capone, Phys. Rev. B 90, 115435 (2014);
[3] M. Tomczak, M. Casula, T. Miyake, and S. Biermann, Phys. Rev. B 90, 165138 (2014).
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Tuesday 11:15 h, Auditorium, Invited S4 I1 

A review of recent experimental evidences of (orbital-selective) 
Mott physics in Iron Superconductors

Luca de’ Medici1

1) European Synchrotron Radiation Facility 

Experimental evidences are accumulating of Mott physics and its orbital-selective nature in 
Iron superconductors. A review of the recent experiments is proposed in light of the theoretical 
scenario supporting selective Mott physics based on Hund’s induced “orbital decoupling”.
L. de’ Medici, G. Giovannetti and M. Capone, PRL 112, 177001 (2014)
L. de’ Medici, “Weak and strong correlations in Fe superconductors”, in “Iron-based Superconductiv-
ity”, Springer Series in Materials Science Volume 211, 2015, pp 409-441

Tuesday 11:45 h, Auditorium, Contributed S4 C4

Spectral properties of transition-metal pnictides: non-local 
exchange and dynamical screening

Ambroise van Roekeghem1,2, Silke Biermann1,3,4

1) Centre de Physique Théorique, Ecole Polytechnique, CNRS UMR 7644 - 91128 Palaiseau, 
France 

2) Beijing National Laboratory for Condensed Matter Physics, and Institute of Physics, Chinese 
Academy of Sciences Beijing 100190, China 

3) Collège de France - 11 place Marcelin Berthelot, 75005 Paris, France 
4) European Theoretical Synchrotron Facility - Europe 

We describe the effects of electronic correlations on spectral properties of transition metal 
pnictides and chalcogenides. Our aim is to reproduce ab-initio and to interpret the results of 
angle-resolved photoemission spectroscopy (ARPES) measurements. The combination of 
the Local Density Approximation with Dynamical Mean Field Theory (LDA+DMFT) provides 
a good description for the overall quasiparticle renormalization. Nevertheless, on the 
example of BaCo2As2, we show that it is necessary to go beyond this approximation to 
describe accurately the Fermi surface and the magnetic properties. In particular, we establish 
the importance of non-local exchange and dynamical screening.
[1] A. van Roekeghem, T. Ayral, J. M. Tomczak, M. Casula, N. Xu, H. Ding, M. Ferrero, O. Parcollet, 

H. Jiang and S. Biermann, Dynamical correlations and static exchange on the experimental bench: 
spectral properties of the cobalt pnictide BaCo2As2, Phys. Rev. Lett. 113, 266403 (2014)

[2] A. van Roekeghem and S. Biermann, Screened exchange dynamical mean Field theory and its 
relation to density functional theory: SrVO3 and SrTiO3, EPL 108, 75003 (2014)
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Tuesday 12:00 h, Auditorium, Invited S4 I4

Probing materials on different timescales: Fast spectroscopy  
vs. slow microscopy

Philipp Hansmann1, Thomas Ayral2, Antonio Tejeda3, Silke Biermann2

1) Max-Planck-Institute for Solid State Research, Heisenbergstrasse 1, 70569 Stuttgart, Germany 
2) Centre de Physique Theorique, Ecole Polytechnique, CNRS-UMR7644, 91128 Palaiseau, 

France 
3) Synchrotron SOLEIL, L’Orme des Merisiers, Saint-Aubin, 91192 Gif sur Yvette, France 

In quantum mechanics the result of a physical measurement depends on the timescale of 
the probe. In solid-state systems, this simple principle can have far-reaching consequences: 
the interplay of several degrees of freedom – for instance close to charge, spin or orbital 
instabilities combined with the disparity of the timescales associated to their fluctuations can 
lead to seemingly contradictory interpretations of experimental data. A particularly striking 
example are systems of adatoms adsorbed on semiconductor surfaces where different 
experiments suggest different ordering phenomena. Using most recent many-body theoretical 
techniques (EDMFT and EDMFT+GW), we analyze experimental data and develop a 
coherent theoretical picture of the associated fluctuations. Our work reconciles angle-
resolved photoemission data, scanning tunneling microscopy and corelevel spectroscopy, 
and presents a first principles many-body description for each of them.
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Tuesday 12:30 h, Auditorium, Contributed S4 C5

NanoDMFT: First principles description of strongly correlated 
electrons in molecular devices

David Jacob1

1) Max-Planck-Institut für Mikrostukturphysik 

By combination of density functional theory (DFT) based ab initio quantum transport 
calculations with Dynamical Mean-Field Theory (DMFT), the NanoDMFT method allows to 
study the impact of strong electronic correlations on the electronic structure and transport 
properties of molecular devices on a quasi first principles basis [1]. Using this unique 
methodolgy we can study, e.g., the Kondo effect in molecular devices with unprecedented 
microscopic detail, revealing the intricate interplay between local correlation phenomena 
and other microscopic interactions such as molecular quenching [2] or magnetic anisotropy 
(MA). These interactions can give rise to novel phenomena such as the renormalization of 
single-atom MA by Kondo exchange [3]. Replacing DFT by COHSEX improves upon the 
NanoDMFT approach in an important aspect: the double-counting correction which is not 
exactly known in the DFT based approach can be calculated exactly in COHSEX. This 
allows us now to actually predict, e.g., the occurence of the Kondo effect in molecular 
devices. 
[1] D. Jacob et al., PRL 103, 016803 (2009); PRB 82, 195115 (2010)
[2] D. Jacob et al., PRB 88, 134417 (2013)
[3] J. C. Oberg et al., Nature Nanotech. 9, 64 (2014)

Tuesday 12:45 h, Auditorium, Contributed S4 C6

Electronic, magnetic and optical properties of Srn+1IrnO3n+1 
(n=1, 2, and infinity)

Peitao Liu1,2, Sergii Khmelevskyi1,3, Bongjae Kim1, Xing-Qiu Chen2, Dianzhong Li2, 
Martijn Marsman1, D.D. Sarma4, Georg Kresse1, Cesare Franchini1

1) Faculty of Physics, Computational Materials Physics, University of Vienna, Vienna A-1090, 
Austria 

2) Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China 
3) Department of Applied Physics, Vienna University of Technology, Vienna 1040, Austria 
4) Solid State and Structural Chemistry Unit, Indian Institute of Science, Bangalore-560012, India 

We study the electronic, optical and magnetic properties of the Ruddlesden-Popper series 
Srn+1IrnO3n+1 (n=1, 2, and infinity) by means of relativistic density functional theory including 
an on-site Hubbard U correction and non-collinear magnetic constraints. By investigating the 
evolution of the orbital and spin properties as a function of U, spin-orbit coupling (SOC) 
strength, and n we have constructed detailed phase diagrams of the metal-insulator transition 
which provide clear evidence for the crucial role played by SOC and U in establishing a 
relativistic Mott-Hubbard insulating state in the n=1 and 2 compounds. To quantify the degree 
of electronic correlation we have evaluated the Hubbard U and exchange J for all three 
iridates by using the constrained random phase approximation. The optical spectra computed 
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within a model Bethe-Salpeter scheme describe well the experimentally found double peak 
structure in n=1 and n=2 compounds. We compute the isotropic, single-site anisotropy and 
Dzyaloshinskii-Moriya (DM) coupling parameters for Sr2IrO4, and clarify that the origin of the 
observed canted magnetic state arises from the competition between isotropic exchange 
and DM interactions. Finally we explain the transition between the n=1 canted to the n=2 
c-collinear state, as due to the strong inter-bilayer coupling in the n=2 phase. 
(arXiv:1503.06753).

Tuesday h, 14:30, Auditorium, Invited S4 I7

Quantum many-body theory at the two-particle level: The new 
frontier

Alessandro Toschi1

1) Institute of Solid State Physics, Vienna University of Technology 

Our physical understanding is mostly based on the quantum many-body description at the 
one- or two-particle level. For strong correlations, the dynamical mean-field theory (DMFT), 
a self-consistent approach at the one-particle level, has represented a big step forward in 
the last two decades. Recently, however, the scientific frontier has moved to the treatment 
of correlations at the two-particle level[1]. This represents a key progress to understand 
spectroscopic experiments beyond photoemission[2]. Furthermore, it allows to study non-
local correlations on all length-scales through diagrammatic extensions of DMFT, such as 
the dynamical vertex approximation (DΓA)[3]. By means of DΓA, the “fate” of the Mott-
transition in 2D and the critical exponents of the Hubbard model could be eventually 
calculated[4,5], opening promising perspectives for non-perturbative treatments of quantum 
phase-transitions.
[1] G. Rohringer, A. Valli, and A. Toschi, PRB 86, 125114 (2012); T. Schäfer, et al., PRL 110, 246405 

(2013).
[2] A. Toschi, et al., PRB 86, 064411 (2012).
[3] A. Toschi, A. A. Katanin, and K. Held, PRB 75 045118 (2007).
[4] T Schäfer, et al., PRB 91, 125109 (2015).
[5] G. Rohringer, et al., PRL 107, 256402 (2011).

Tuesday 15:00 h, Auditorium, Invited S4 I5

The dual-boson description of collective modes in correlated 
systems

Alexey Rubtsov1

1) Moscow State Universiry and Russian Quantum Center 

The DMFT approach takes into the local (on-site) fermionic fluctuations. Since the bosonic 
branches are also important, there is a clear demand to include them in the formalizm. The 
simplest such a theory is EDMFT, that is applicable for phonon-like excitations, but not e.g 
for plasmons, as it does not account the renormalization of the Coulomb interaction. The 
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nonlocal polarization operator is introduced in EDMFT+GW scheme as due to the RPA-like 
loop in the diagrams. This gives good results for electron spectra, but fails to describe the 
plasmons.

The further studies involved the dual formalism, which allows to construct regular 
diagrammatic series around DMFT. The condition for Δ is interpreted as vanishing of the 
local part of the dual line. The conserving theory involves the ladder summation. It allowed 
to describe the plasmons in 2D near Mott transition.

For the next step, we propose to account the ladders and bosonic lines at equal footing. 
We introduce the “superline” in dual diagrams, containing the periods of ladders and bosonic 
lines, and require that its local part vanishes. Therefore the collective excitations are treated 
in a very DMFT spirit. We present the first numerical results obtained

Tuesday 15:30 h, Auditorium, Contributed S4 C7

A direct approach to the calculation of many-body Green’s 
functions

Lucia Reining1

1) LSI-Ecole Polytechnique/CNRS 

Many-body perturbation theory is a powerful approach, but sometimes low-order perturbation 
expressions for the self-energy, like GW and related approximations, fail. This happens for 
satellite structure beyond the quasi-particle peaks in the spectral function, or in cases of 
strong coupling, where the quasi-particle picture breaks down.

We explore an alternative route to the calculation of interacting electron Green\’s functions. 
It is based on functional differential equations relating the one-body Green’s function to its 
functional derivative with respect to an external potential [1]. The equations generate the 
perturbation series.

Here we show that working directly with the differential equations yields precious insight 
concerning fundamental questions, guidelines for practical calculations, and methods 
leading to an improved description of spectra. Results will be illustrated on various levels of 
approximation, ranging from simple models [2] to full ab inito calculations [3].
[1] L.P. Kadanoff and G. Baym, Quantum Statistical Mechanics (New York: Benjamin, 1962)
[2] G. Lani, P. Romaniello, and L. Reining, New J. Phys. 14, 013056 (2012); J.A. Berger et al., New J. 

Phys. 16, 113025 (2014)
[3] M. Guzzo et al., Phys. Rev. Lett. 107, 166401 (2011); Phys. Rev. B 89, 085425 (2014)
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Tuesday 15:45 h, Auditorium, Invited S4 I9

Origin of orbital-ordering and orbital-order melting transitions in 
strongly correlated systems

Eva Pavarini1

1) Institute for Advanced Simulation, Forschungszentrum Jülich 

The amazing properties of strongly-correlated materials stem from the interplay of many-
body effects, lattice distortions, charge, spin and orbital degrees of freedom. It is typically 
difficult, however, to disentangle these effects and identify the actual mechanism beyond a 
specific phenomenon. Classical examples are orbital-ordering and orbital-order melting 
transitions.

In this talk, using a combination of ab-initio and many-body techniques, I will show how 
the essential effects can be disentangled in paradigmatic cases. I will show that the neither 
the Kugel-Khomskii super-exchange nor the classical Jahn-Teller interaction alone are 
sufficient to explain orbital ordering phenomena. A novel mechanism plays an essential role.

Tuesday 16:15 h, Auditorium, Contributed S4 C8 

Fermi surface of Sr2RuO4: Role of anisotropic Coulomb 
interaction and Coulomb-enhanced spin-orbit coupling 

Guoren Zhang1, Evgeny Gerelov1, Esmaeel Sarvestani1, Eva Pavarini1,2

1) Institute for Advanced Simulation, Forschungszentrum Jülich 
2) JARA High-Performance Computing 

By using the local-density approximation + dynamical mean field theory method, we show 
that the Coulomb anisotropy and the correlation-enhanced spin-orbit coupling play a crucial 
role in determining the Fermi surface of Sr2RuO4. We also find a strong spin-orbital 
entanglement. This suggests that the conventional description of Cooper pairs via factorized 
spin and orbital two-particle functions might not apply to Sr2RuO4.

Tuesday 16:30 h, Auditorium, Contributed S4 C9

A low-energy description of rare-earth nickelates

Alaska Subedi1, Oleg Peil2, Antoine Georges3

1) Max Planck Institute for the Structure and Dynamics of Matter, 22761 Hamburg, Germany 
2) DQMP, Université de Genève, CH-1211 Genève, Switzerland 
3) Collège de France, 11 place Marcelin Berthelot, 75005 Paris, France 

We propose a simple low-energy theory of rare-earth nickelates that involves only two eg 
orbitals per nickel site. We show that this theory captures all important features of nickelates, 
such as the metal-insulator transition in small-cation nickelates and a rather moderate orbital 
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polarization in heterostructures based on LaNiO3. In particular, we show that the bond-
disproportionated state of the low-temperature monoclinic phase, when subject to local 
Coulomb repulsion U and Hund\’s coupling J, is a paramagnetic insulator in a wide range of 
interaction parameters. Furthermore, we find that in the high-temperature orthorhombic 
phase a spontaneous instability to bond disproportionation takes place for large enough J, 
when U-3j is small or negative. In the metallic phase, on the other hand, this negative 
effective coupling results in the suppression of the orbital polarization, consistent with 
experiments. This minimal theory emphasizes that a small or negative charge-transfer 
energy, a large Hund\’s coupling, and a strong coupling to bond-disproportionation are the 
key factors determining the physics of nickelates. Importantly, this theoretical picture 
suggests a number of particular experimental consequences, such as a peculiar behaviour 
of the optical conductivity in the insulating state, which is nicely confirmed by optical 
spectroscopy experiments.

Tuesday 16:45 h, Auditorium, Invited S4 I8

Many-Body Physics of Materials: Density Functional Plus 
Dynamical Mean Field and Beyond

Andrew J. Millis1

1) Department of Physics, Columbia University, 538 West 120th Street, NY NY 10027 

The combination of density functional theory and dynamical mean field theory has proven 
very powerful in elucidating the delicate interplay of many-body quantum mechanics, atomic 
physics and crystal structure that controls the correlated electron physics of interesting 
materials. This talk will provide a `look under the hood’’ at the theory, focussing on the key 
issue of the proper embedding of the correlated part of the calculation in the wider electronic 
structure. The formal issues are illustrated by examples including work with Georges, Dang 
and Mravlje on the importance of octahedral rotations in the Sr and Ca ruthenates, with 
Marianetti and H. Park on total energies of rare earth nickelates, with Marianetti and J. Chen 
on spin crossover molecules, and with S. Park and H. Chen on oxide superlattices. 

My work in this area has been supported by the US Department of Energy under grant 
DOE-ER-046169

Tuesday 17:15 h, Auditorium, Invited S4 I3 

Thermoelectricity and electron-phonon coupling in correlated 
narrow-gap semiconductors

Jan M. Tomczak1

1) Institute of Solid State Physics, Vienna University of Technology, Vienna, Austria 

Intermetallic narrow-gap semiconductors display pronounced signatures of electronic 
correlation effects. In some systems, such as FeSi, these can also account for effects of 
thermoelectricity [3]. Other systems -the prime example is FeSb2- defy the bounds[4] of a 
purely electronic description, and their thermoelectricity is not well understood to date.
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Here, we propose a new scenario to explain the “colossal Seebeck coefficient”[2] of 
FeSb2.

We identify the phonon-drag effect associated with an in-gap density of states as the key 
driving mechanism[1]. By an accurate modelling of electronic and thermoelectric transport 
coefficients, our theory explains both, the hitherto elusive magnitude of thermoelectricity, as 
well as the ill-understood correlation of maxima and inflection points in different response 
functions. Ab initio calculations further suggest the in-gap states to derive from excess iron. 
Our scenario has far-reaching consequences for attempts to harvest the spectacular 
powerfactor of FeSb2.
[1] M. Battiato, JMT, Z. Zhong, K. Held, PRL (in press), arXiv:1505.02946
[2] Bentien et al, EPL 80, 17008 (2007)
[3] JMT et al, PNAS 109, 3243 (2012) 
[4] JMT et al, PRB 82, 085104 (2010)

Tuesday 17:45 h, Auditorium, Contributed S4 C10

Charge localization and energetics of Li-ion batteries cathodes 
from Hubbard-corrected DFT functionals

Matteo Cococcioni1, Nicola Marzari1

1) Theory and Simulations of Materials, EPFL, Switzerland 

The accurate modeling of the electronic, magnetic and structural properties of transition-
metal (TM) compounds is essential for the development of several emerging technologies. 
Unfortunately, the importance of electronic correlations makes first-principles calculations 
on these systems very challenging. This is particularly true for Li-ion battery materials and 
for all the electrochemical energy conversion and storage applications based on mixed-
valence TM ions.

Hubbard-model augmented DFT functionals (DFT+U) improve significantly the description 
of correlated materials and have asserted themselves as the standard choice to the modeling 
of these systems when high computational efficiency is required (e.g., for screening large 
numbers of compounds). This work shows how an extended formulation of DFT+U, including 
on-site (U) and inter-site (V) interactions, improves the description of mixed valence materials. 
Focusing on LixFePO4 and LixMnPO4 we discuss their structural and electronic properties 
in dependence of Li content. Contradicting a common practice, we also show that using 
computed interaction parameters is actually crucial to reliably compare the energy of different 
Li concentrations and, in particular, to assess the thermodynamic stability of various 
compositions and to evaluate the voltage of the resulting battery.
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Tuesday 18:00 h, Auditorium, Invited S4 I6 

Nonequilibrium dynamical mean-field theory

Martin Eckstein1

1) University of Hamburg, Center for Free-Electron Laser Science 

Femtosecond laser technology has opened the possibility to probe and control the dynamics 
of condensed matter phases with intertwined spin, charge, and lattice order on microscopic 
timescales. On the other hand, microscopic theory for many-particle systems out of 
equilibrium is still in its infancy, and in many cases even a qualitative understanding of the 
underlying physical processes is missing. In this talk I discuss recent developments based 
on the nonequilibrium generalization of dynamical mean-field theory (DMFT) [1], which is 
suitable to describe correlated electron dynamics in high-dimensional bulk systems, hetero-
structures, and surfaces. In particular I will focus on the photo-induced dynamics of 
antiferromagnetic Mott insulators, which allows to discuss diverse questions of fundamental 
and practical nature: What are the mechanisms for thermal and non-thermal melting of long-
range order? Can we manipulate the magnetic exchange interaction with light [2], and thus 
potentially control magnetically ordered phases? How do magnetic correlations influence 
highly non-linear transport in hetero-structures of correlated materials [3]
[1] Aoki et al, Rev. Mod. Phys. 86, 779 (2014).
[2] Mentink and Eckstein, Phys. Rev. Lett. 113, 057201 (2014); 
[3] Eckstein and Werner, PRL 113, 076405 (2014).
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Symp. 5: Theoretical Spectroscopy
Organized by Zeila Zanolli and Hubert Ebert

Thursday 10:00–13:00 h

Thursday 10:00 h, Chamber Hall, Invited S5 I1

Electron-hole interactions in theoretical spectroscopy

Peter Blaha1

1) Inst.Materials Chemistry, TU Vienna, Austria 

Electron-hole interactions play an important role in an accurate theoretical description of 
various spectroscopies. Obviously they become most important when the involved electronic 
states are strongly localized such as core states in XANES/ELNES spectra or spectroscopy 
on defects. The simplest way to account for such effects in XANES spectroscopy is a static 
core hole (final state) approach. However, such calculations fail dramatically for many L2,3 
edges in transition metal compounds and a much better approach is to include this interaction 
in many-body perturbation theory by solving the Bethe-Salpeter equation using fully 
relativistic single particle states from DFT-WIEN2k calculations as basis [1]. This approach 
can naturally explain the branching ratio anomalies or modification of crystal field splittings 
or spin-orbit coupling strength. Also the absorption energies of F-centers in alkali-halides are 
well described by this approach provided we start with good single particle states based on 
TB-mBJ or GW calculations [2].

[1] R. Laskowski and P.Blaha, Phys. Rev. B 82, 205104 (2010)
[2] F. Karsai et al., Phys. Rev. B 89, 125429 (2014)
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Thursday 10:30 h, Chamber Hall, Contributed S5 C1

Effects of substitution and functionalization on the electronic, 
optical, and transport properties of polycyclic aromatic 
hydrocarbons

Roberto Cardia1, Giuliano Malloci1, Giancarlo Cappellini1

1) Department of Physics - University of Cagliari 

We present a (TD)DFT investigation on the effects of different functionalizations on the 
electronic, optical, and transport properties of some representative polycyclic aromatic 
hydrocarbons of interest for solid state applications. In particular, we focus on Pentacene, 
Pyrene and two Dibenzochrysenes (angular and compact) and consider the replacement of

external H-atoms with Halogens (F, Cl) or Sulfur, as well as the addition of functional 
groups (TIPS). For the isolated gas-phase molecules we performed all-electrons DFT 
TDDFT calculations with a localized Gaussian basis-set and the hybrid B3LYP exchange-
correlation functional [1],[2].

Electron affinities, ionization energies, fundamental energy-gaps, optical absorption 
spectra, exciton binding energies, and molecular reorganization energies for holes and 
electrons have been calculated and compared with the available experimental/theoretical 
data for the pure molecules and for the corresponding substituted ones.
[1] Cardia R, Malloci G, Mattoni A, Cappellini G (2014). JOURNAL OF PHYSICAL CHEMISTRY A, 

vol. 118, p. 5170-5177
[2] Malloci G, Cappellini G, Mulas G, Mattoni A (2011). CHEMICAL PHYSICS, vol. 384, p. 19-27

Thursday 10:45 h, Chamber Hall, Invited S5 I2

Theoretical description of angular momentum resolved photo 
emission on the basis of the one-step model - recent 
developments

Jan Minar1,2

1) Ludwig-Maximilians-Universität München, Germany 
2) University of West Bohemia, Pilsen, Czech Rep. New Technologies - Research Center 

Various technical developments enlarged the potential of ARPES tremendously during the 
last one or two decades. In particular improved momentum, energy and spin resolution as 
well as the use of photon energies from few eV up to several keV makes ARPES a rather 
unique tool to investigate the electronic properties of solids and surfaces [1,2]. These 
experimental developments needs to be closely followed by corresponding theoretical 
description beyond simple interpretations like e.g. spectral function.

Here, we present a generalization of the state of the art description of the photoemisison 
process, the so called one-step model that describes excitation, transport to the surface and 
escape into the vacuum in a coherent way. Within this approach we account for correlation 
effects by LSDA+DMFT, disorder by means of CPA and lattice vibrations by alloy analogy 
model. All these developments will be demonstrated by various recent examples.
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In the last part of my talk I will show novel description of the ultrafast pump-probe 
experiments by means of multiple scattering Keldysh formalism [3].
[1] A. Gray, etl al., J. Minar et al., Nat. Mat. 10, 759 (2011)
 Minar et al., J. El. Spec. Rel. Phen. 190, 159 (2013)
[2] M. Jourdan et al., Nat. Com. 5, 3974 (2014)
[3] J. Braun et al., Phys.RevB 91, 035119 (2015), C. Cacho et al.,
 Phys. Rev. Lett. 114, 097401 (2015)

Thursday 11:15 h, Chamber Hall, Invited S5 I3

To GW and beyond: what we can learn from molecular 
calculations

Patrick Rinke1

1) Aalto University, Helsinki, Finland 

Many-body theory in the GW approach has become the method of choice for calculating 
charged excitations in solids and is now also increasingly being applied to molecules. 
However, fundamental questions regarding its accuracy and applicability remain. In this talk, 
I will first address the numerical accuracy of perturbative G0W0 implementations. I will 
demonstrate for the GW100 benchmark set of atoms and molecules that different 
implementations now reach an unprecedented level of agreement. Then I will address 
absolute as well as relative positions of ionisation energies and electron affinities. For some 
aromatic molecules these are not well reproduced in perturbative G0W0 schemes with 
different starting points [1] as well as in self-consistent GW [2]. Sometimes even the orbital 
order is incorrect [1]. I will analyse these failures in terms of the many-body self-interaction 
error (also called deviation from the straight line error (DSLE)). Then I will present a second-
order screened exchange correction (SOSEX) that goes beyond GW and ameliorates some 
of the aforementioned problems while keeping the DSLE to a minimum. [1] N. Marom, P. 
Rinke, et al. Phys. Rev. B 86, 245127 (2012), [2] F. Caruso, P. Rinke, et al. Phys. Rev. B 88, 
075105 (2013), ibid Phys. Rev. B 90, 085141 (2014)

Thursday 11:45 h, Chamber Hall, Contributed S5 C2

Time-dependent density functional theory of magneto-optical 
response of periodic insulators

Irina Lebedeva1, Ilya Tokatly1,2, Angel Rubio1,3,4,5

1) University of the Basque Country UPV/EHU 
2) IKERBASQUE 
3) Fritz-Haber-Institut der Max-Planck-Gesellschaft 
4) Max Plank Institute for the Structure and Dynamics of Matter 
5) European Theoretical Spectroscopy Facility 

Though the perturbation theory has been successfully used to describe various types of 
responses of molecules to electromagnetic fields for a long time, the extension of this theory 
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to solids is not straightforward since the position operator is ill defined for such systems. The 
theoretical description of magnetic fields in periodic systems is particularly challenging as it 
leads to non-perturbative changes in eigenstates. We present a unified approach to 
calculation of all-order response to arbitrary electromagnetic fields both for periodic and 
molecular systems within the formalism of non-equilibrium Green functions. The approach is 
used to analyze magneto-optical response of insulating solids in the approximation of non-
interacting electrons and to identify symmetry limitations for its observation. The density 
matrix-perturbation theory is adapted for practical calculations of magneto-optical response 
and is implemented in open-source Octopus code using efficient Sternheimer method for 
solution of the Liouville equation. The implemented procedures are tested against available 
literature data for molecular and crystalline systems.

Thursday 12:00 h, Chamber Hall, Invited S5 I4

Ab initio methods for excitons, resonances and band excitations 
in time and frequency domain

Maurits W. Haverkort1

1) Max-Planck-Institute for Chemical Physics of Solids 

The theoretical description of the dynamics and excitations of many materials can be quite 
challenging. It often requires a treatment beyond standard mean-field Hartree-Fock or 
density functional theory approximations. Where the ground-state to some degree can be 
approximated by a single Slater determinant this is much less the case for excited states. 
The “hole” that the excited electron leaves behind can interact in a non-trivial way with the 
excited electron and other valence electrons around. Depending on the strength of these 
interactions one observes band-excitations, resonances or excitons.

In this talk I will show how a newly developed post density functional theory quantum 
chemistry method can capture band-excitations, resonances and excitons including their 
involved multiplet structure. The method merges the local many body cluster calculations 
used for the interpretation of excitonic x-ray absorption spectra of correlated compounds 
with band structure methods used to calculate the less correlated spectra.

In the second part of the talk I will show how one can extend these methods to the time 
domain. This allows one to describe the propagation of excitations and their various decay 
channels as seen in pump probe experiments.

Thursday 12:30 h, Chamber Hall, Contributed S5 C3

Modeling time and angle-resolved photoelectron spectroscopy 
with time-dependent density-functional theory

Umberto De Giovannini1

1) University of the Basque Country EHU/UPV 

Photoelectron spectroscopy is a technique widely used to study static and dynamical 
properties of a large variety of physical systems ranging from atoms and molecules to solids 
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and surfaces. Electrons ejected form these systems carry a wealth of information both on 
the parent ions and the ionization process which is encoded in the angular distribution of 
their velocities but whose recovery often constitute a complex task.

We present a method that allows to calculate momentum-resolved photoelectron spectra 
of multi-electron systems within TDDFT [1]. We show how this approach can be naturally 
employed to study time-resolved pump-probe experiments in which a system response 
(electron emission) to a probe pulse, is measured in an excited state [2], to explore the effect 
of the ionic motion on the spectra [3], and to investigate the extent to which photoelectrons 
angular distribution contains information on the molecular orbitals from which they originate.

[1] U. De Giovannini, D. Varsano, M. A. L. Marques, H. Appel, E. K. U. Gross, and A. Rubio, Phys. 
Rev. A 85, 062515 (2012).

[2] U. De Giovannini, G. Brunetto, A. Castro, J. Walkenhorst, and A. Rubio, Chemphyschem 14, 1363 
(2013).[3] A. Crawford-Uranga, U. De Giovannini, D. J. Mowbray, S. Kurth, and A. Rubio, J. Phys. 
B: Atom. Mol. Optical Physics 47, 124018 (2014).
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Thursday 12:45 h, Chamber Hall, Contributed S5 C4

First-Principles Photoemission Spectroscopy in Molecules and 
Electronic Structure of Extended Systems from Koopmans-
Compliant Functionals

Ngoc-Linh Nguyen1, Giovanni Borghi2, Nicola Colonna1, Andrea Ferretti2, Nicola 
Marzari1, Ismaila Dabo3

1) Theory and Simulations of Materials (THEOS), and National Centre for Computational Design 
and Discovery of Novel Materials (MARVEL), École Polytechnique Fédérale de Lausanne, 1015 
Lausanne, Switzerland 

2) Centro S3, CNR–Istituto Nanoscienze, 41125 Modena, Italy. 
3) Department of Materials Science and Engineering, Materials Research Institute, and Penn State 

Institutes of Energy and the Environment, The Pennsylvania State University, University Park, 
Pennsylvania 16802, USA 

While density functional theory (DFT) provides an efficient and reliable method for computing 
the ground state energetics for a wide variety of materials, the eigenstates obtained by 
solving the Kohn-Sham equation do not formally correspond to charged excitation energies. 
This is particularly evident when comparing photoemission spectra, computed with the local 
or semi local exchange correlation functionals, with experiments. In this work, we show that 
Koopmans-compliant functionals [1], constructed to enforce piecewise linearity in energy 
functionals with respect to fractional occupations - i.e., with respect to charged excitations - 
can predict not only frontier ionization potentials and electron affinities of molecules with an 
accuracy comparable with that of higher-level quantum chemistry and many-body perturbation 
methods but also molecular photoemission spectra, that are shown to be in excellent 
agreement with experimental ultraviolet photoemission spectroscopy data [2]. These results 
highlight the role of Koopmans-compliant functionals as accurate and inexpensive 
quasiparticle approximations to the spectral potential. Furthermore, we discuss how to apply 
these functionals to extended systems, with results for semiconductor band gaps and band 
structures.
[1] I. Dabo, A. Ferretti, N. Poilvert, Y. Li, N. Marzari, M. Cococcioni, PRB 82, 115121 (2010).
[2] N.L.Nguyen, G. Borghi, A. Ferretti, I. Dabo, N. Marzari, PRL 114, 166405 (2015).
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Symp. 6: Recent Advances in Diagrammatic Methods for 
the Total Energy

Organized by Kristian Thygesen, Patrick Rinke, Georg 
Kresse, Mark Hybertsen

Wednesday 10:30–16:30 h, Auditorium

Wednesday 10:30 h, Auditorium, Invited S6 I1

Kohn-Sham methods based on the adiabatic-connection 
fluctuation-dissipation theorem

Andreas Görling1, Andreas Hesselmann1, Egor Trushin1, Patrick Bleiziffer1, Daniel 
Schmidtel1

1) Lehrstuhl für Theoretische Chemie, University of Erlangen Nuremberg 

A new generation of Kohn-Sham methods exploiting the adiabatic-connection fluctuation-
dissipation (ACFD) theorem is presented. These methods belong to the class of approaches 
based on orbital-dependent exchange and correlation functionals. The exchange energy 
and the local multiplicative exchange potential, not to be confused with the nonlocal Hartree-
Fock exchange potential, are treated exactly. Functionals for the correlation energy are 
derived from the adiabatic-connection fluctuation-dissipation theorem via time-dependent 
density-functional theory. In the latter different choices for the required Hartree-exchange-
correlation kernel are the used, ranging from the simple Coulomb kernel to the sum of the 
Coulomb kernel plus the full frequency-dependent exact exchange kernel plus approximate 
correlation kernels. Corresponding correlation potentials required for self-consistent 
calculations are constructed via the optimized effective potential method. Results for 
molecular as well as periodic systems are presented.
[1] A. Hesselmann and A. Görling, Mol. Phys.108, 359 (2010).
[2] A. Hesselmann and A. Görling, Phys. Rev. Lett. 106, 093001 (2011).
[3] A. Hesselmann and A. Görling, Mol. Phys. 109, 2473 (2011).
[4] P. Bleiziffer, A. Hesselmann, and A. Görling, J. Chem. Phys. 136, 134102 (2012).
[5] P. Bleiziffer, A. Hesselmann, and A. Görling, J. Chem. Phys. 139, 084113 (2013).

Wednesday 11:00 h, Auditorium, Contributed S6 C1

Layer Response theory for semi-analytic energetics of vdW bound 
layered materials

John Dobson1

1) Griffith University 

This work aims for efficient modelling of cohesive properties in soft layered materials 
involving graphenes, MoS2 etc. and their adsorbates. The costly Random Phase 
Approximation (RPA) and extensions, with the Adiabatic Connection Fluctuation Dissipation 
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(ACFD) theorem plus groundstate exchange (EXX) seems to be the only approach that 
reliably gives these energies in such difficult cases as mixed graphenic and metallic layers. 
This difficulty is partly due to non-additive van der Waals forces that are not well modelled in 
less numerically demanding DFT+vdW theories. We first show how to use 3D plane-wave 
codes for efficient prediction of the long-wavelength dielectric response of an isolated layer, 
while avoiding unit cells with large vacuum gaps and the corresponding large calculations. 
This data is then used with the RPA/ACFD to obtain semi-analytically the cohesive energetics 
involving such layers with other layers and molecular entities. Insulating, metallic and 
graphenic layers are all treated with correct asymptotic and sub-asymptotic van der Waals 
behavior. The inner parts of the interaction energy curve can be matched to efficient 
calculations using semi-local density functionals. We recently applied this approach to a 
water molecule on graphene, economically recovering results previously obtained from 
extremely large full RPA correlation calculations.

Wednesday 11:15 h, Auditorium, Contributed S6 C2

All-electron RPA total energies with infinite band summations

Markus Betzinger1, Christoph Friedrich1, Andreas Görling2, Stefan Blügel1

1) Peter-Grünberg Institut and Institute for Advanced Simulation, Forschungszentrum Jülich and 
JARA, D-52425 Jülich, Germany 

2) Lehrstuhl für Theoretische Chemie, Universität Erlangen-Nürnberg, Egerlandstr. 3, D-91058, 
Germany 

The adiabtic-connection fluctuation dissipation theorem (ACFDT) of Kohn-Sham density-
functional theory provides an exact expression for the exchange-correlation energy in terms 
of the many-electron density response function. Approximating the latter by the random-
phase approximation (RPA) leads to the RPA correlation energy functional of KS DFT. It has 
been demonstrated that combining this functional with exact exchange (EXX+RPA) describes 
covalent, ionic, and van-der-Waals bonded systems on an equal footing and without 
adjustable parameters.

We present an all-electron implementation of EXX+RPA within the full-potential linearized 
augmented plane-wave (FLAPW) approach. The main obstacle in a practical calculation is 
the slow convergence of the KS response function with respect to the basis set and the 
number of unoccupied states. We have developed a technique, the incomplete-basis-set 
correction (IBC) [1], that solves the aforementioned problems, incorporating to some extent 
an infinite number of bands. We discuss the effect of the core electrons on the RPA total 
energy, show EXX+RPA lattice constants for a set of prototype materials and compare them 
to PAW results from the literature.

The IBC is a general concept that can be applied to response functions used, e.g., in 
EXX-OEP and the GW approximation.
[1] M. Betzinger et al., Phys. Rev. B 85, 245124 (2012); Phys. Rev. B 88, 075130 (2013).
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Wednesday 11:30 h, Auditorium, Invited S6 I2

Distinguishable Cluster Theory

Fred Manby1

1) University of Bristol 

We have recently shown [1] that a simple modification to conventional coupled-cluster 
singles and doubles theory (CCSD) yields a method for total energies that is much more 
tolerant of strong correlation than CCSD. This so-called distinguishable-cluster approximation 
arises through neglect of exchange processes that couple two pair-excitation amplitudes 
together in the amplitude equations. The resulting method may be a useful, polynomial-
scaling approach for handling strong correlation. Two recent developments will be discussed: 
extensive benchmarking of the method as a stable and reliable method for molecular 
electronic-structure calculations [2] and some further insight into the way the method works. 
[1] Kats and Manby, J. Chem. Phys. 139, 021102 (2013). 
[2] Kats, Kreplin, Werner and Manby, J. Chem. Phys. 142, 064111 (2015).

Wednesday 12:00 h, Auditorium, Contributed S6 C3

Wavelike Nature of van der Waals Interactions at the Nanoscale

Alberto Ambrosetti1, Nicola Ferri2, Robert, Jr. Di Stasio3, Alexandre Tkatchenko2

1) Universtià degli Studi di Padova, dipartimento di Fisica e Astronomia. Via Marzolo 8, 35131 
Padova - Italy

2) Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, D-14195, Berlin, Germany
3) Department of Chemistry, Princeton University, Princeton, New Jersey 08544, USA

Wave-particle duality is a cornerstone of quantum mechanics. Given that the ubiquitous van 
der Waals (vdW) interactions between nanoscale objects have quantummechanical origin, 
it is unsettling that our conceptual understanding of these forces largely relies on models 
based on localized particles. Here we demonstrate that vdW interactions at nite distances 
between polarizable nonmetallic nanoscale objects can only be correctly described by 
wavelike uctuations. The diversity of nanoscale systems, as exhibited by their dimensionality, 
topology, and polarizability, leads to visibly enhanced non-local responses and non-trivial 
vdW interaction power laws that strongly deviate from predictions stemming from widely 
used intermolecular perturbation theories. Such wavelike nature of vdW interactions provides 
a hitherto unexplored avenue that could be used for tailoring the assembly of complex 
polarizable nanostructures.
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Wednesday 12:15 h, Auditorium, Contributed S6 C4

Dielectric matrix formulation of correlation energies within the 
Random Phase Approximation: Inclusion of screened exchange 
effects

Dario Rocca1, Bastien Mussard 1, Georg Jansen 2, Janos Angyan 1

1) University of Lorraine and CNRS, Nancy (France) 
2) University of Duisburg-Essen (Germany) 

Starting from the general expression of the ground state correlation energy in the adiabatic 
connection fluctuation dissipation theorem (ACFDT) framework, it is shown that the dielectric 
matrix formulation, which is usually applied to calculate the random phase approximation 
(RPA) correlation energy, can also be used for alternative RPA expressions including 
exchange effects. Within this framework we derive equations for the correlation energy 
within the second order screened exchange (SOSEX), an approximate time-dependent 
Hartree-Fock (TDHF), and second order Moller-Plesset (MP2) levels of theory. The accuracy 
of these approaches can be further improved by introducing the effect of the screening to 
obtain an approximate formulation of the Bethe-Salpeter equation for correlation energies. 
The proposed formalism is particularly suitable for implementation in periodic boundary 
condition plane-wave codes, in particular by using a compact basis set to represent dielectric 
matrices [1,2]. To demonstrate the accuracy of these approaches the binding curves of 
several diatomic molecules will be shown. 
[1] Y. Ping, D. Rocca, and G. Galli, Chem. Soc. Rev., 42, 2437 (2013) 
[2] D. Rocca, J. Chem. Phys. 140, 18A501 (2014).

Wednesday 14:00 h, Auditorium, Invited S6 I3

Renormalized perturbation theory for total and self energies 
based on diagrammatic techniques

Xinguo Ren1

3) 1) University of Science and Technology of China

Diagrammatic expansion approach is a powerful technique for solving interacting many-
body model Hamiltonians, but has seldom been used in density-functional theory (DFT) 
based first-principles calculations.

The random-phase approximation (RPA), which can both be viewed as a DFT exchange-
correlation functional, and yet has a clear diagrammatic representation (infinite summation 
of ring diagrams), provides a nice concept to bridge the two worlds.

Using the diagrammatic technique, we extended RPA to a renormalized second-order 
perturbation theory (rPT2) [1], incorporating further diagrams corresponding to higherorder 
exchange-type interactions [2] and single excitations [3].

Based on a similar concept, we recently proposed a screened second-order exchange 
(SOSEX) correction to the GW method for self-energy calculations [4]. This so-called 
GW+SOSEX method shows an overall better performance over GW for determining the 
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ionization energies, electron affinities, and the relative energy positions of singleparticle 
excitations in certain molecules.
[1] X. Ren, P. Rinke, G. E. Scuseria, and M. Scheffler, Phys. Rev. B 88, 035120 (2013)
[2] J. Paier, X. Ren, P. Rinke, G. E. Scuseria, A. Grueneis, G. Kresse, and M. Scheffler, New J. Phys. 

14, 043002 (2012).
[3] X. Ren, A. Tkatchenko, P. Rinke, and M. Scheffler, Phys. Rev. Lett. 106, 153003 (2011).
[4] X. Ren, N. Marom, F. Caruso, M. Scheffler, and P. Rinke, Phys. Rev. B, submitted.

Wednesday 14:30 h, Auditorium, Contributed S6 C5

Test set for materials science and engineering

Igor Ying Zhang1, Norina A. Richter1, Matthias Scheffler1

1) Fritz Haber Institute of the MaxPlanck Society 

Understanding the applicability and limitations of electronic-structure methods needs careful 
comparison with accurate reference data. A variety of valuable test sets have been established 
in quantum chemistry, while for crystalline solids, a test set with accurate reference values 
from theory is still lacking. In this presentation, we introduce our test set for materials science 
and engineering (MSE). At this point, the MSE test set contains results for first and second 
row elements and their binaries with various cubic crystal structures and bonding characters, 
allowing for systematic benchmarking of manifold chemical interactions. In the MSE test set, 
we consider the cohesive energy, lattice constant, bulk modulus, electronic band structures, 
phonons, etc. We employ a hierarchy of electronic-structure methods, from the local-density 
approximation to the state-of-the-art many-body perturbation theory methods MP2 and RPA, 
implemented in our all-electron, full-potential FHI-aims code. For each method, a strong 
effort is made to push the borders of numerical and methodological accuracy, for example 
by producing systematically converged results with respect to basis set[1] and k-mesh. [1] 
I.Y. Zhang et al., NJP 15 (2013). Other coauthors includes Luca M. Ghiringhelli and Sergey 
V. Levchenko.

Wednesday 14:45 h, Auditorium, Invited S6 I4

Total energy calculations beyond the Random Phase 
Approximation

Thomas Olsen1

1) Technical University of Denmark 

The Random Phase Approximations (RPA) comprises an accurate method for obtaining 
binding energies in van der Waals bonded systems from first principles. However, the method 
suffers from self-correlation errors on the order of 0.5 eV per electron and performs badly for 
covalent interactions. First, we will remedy this in the context of time-dependent density 
functional theory, where the bare coulomb interaction is augmented by an exchange-
correlation kernel. It will be shown that standard adiabatic kernels break down and a 
parameter-free renormalization scheme is introduced that renders the interacting response 
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function well-behaved and significantly improves the accuracy of RPA. Second, RPA is 
extended within many-body perturbation theory by including electron-hole interactions in the 
irreducible response function. In particular, ground state energies obtained from the Bethe-
Salpeter equation, are shown to give an accurate account of strong electronic correlation in 
dissociating molecules.

Wednesday 15:15 h, Auditorium, Contributed S6 C6

Alternative routes for calculations of total energies

Jianqiang Zhou1,2, Giorgia Fugallo1,2, J. J. Rehr2,3, J. J. Kas2,3, F. Sottile1,2, Lucia 
Reining1,2

1) Laboratoire des Solides Irradiés, Ecole Polytechnique, CNRS-CEA/DSM, F-91128 Palaiseau, 
France 

2) Department of Physics, University of Washington Seattle, WA 98195-1560, USA 
3) European Theoretical Spectroscopy Facility (ETSF) 

Many-body perturbation theory for excited states has been investigated for many years, but 
less has been done for many-body effects on ground-state properties. The GW approximation 
[1] has been very successful in describing quasi-particle properties in solids, though often 
not for the full spectral function. Beyond GW, the cumulant expansion together with an 
effective boson coupling model gives a better description of plasmon satellites [2,3]. However, 
applications of these methods to the total energy have been inconclusive. In this work, we 
investigate alternative routes for such calculations. One route, based on alternatives to the 
time-ordered cumulant Green\\\’s function [4], improves on GW satellite spectra and total 
energies. Another is an exploration of vertex corrections to GW, where we discuss which 
vertex properties are most important for total energies. We find that exact constraints play 
an important role.
[1] L. Hedin, Phys. Rev. 139 A796 (1965)
[2] F. Aryasetiawan, L. Hedin and K. Karlsson, Phys. Rev. Lett. 77 112268 (1996)
[3] M. Guzzo et al, Phys. Rev. Lett. 107 166401 (2011)
[4] J. J. Kas, J. J. Rehr and L. Reining, Phys. Rev. B 90 085112 (2014).

Wednesday 15:30 h, Auditorium, Contributed S6 C7

Investigating the initial Hamiltonian dependence of non-self-
consistent calculations of RPA correlation energies

Christopher Patrick1, Kristian Thygesen1

1) Center for Atomic Scale Materials Design (CAMD), Technical University of Denmark 

The calculation of electronic correlation energies within the random-phase approximation 
(RPA) has emerged as a high-accuracy method applicable to a wide range of systems, 
capable of describing both strong covalent bonds and weak dispersive interactions [1]. To 
date most calculations have been performed non-self-consistently, whereby a non-interacting 
initial Hamiltonian employing a semilocal description of exchange and correlation is used to 
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generate a response function, which is subsequently used to calculate the RPA correlation 
energy. However the sensitivity of the final result to the initial approximation of exchange and 
correlation is relatively unknown, especially in the solid state [2,3]. Here we present a 
systematic study of the role played by the initial Hamiltonian, with particular focus on the 
possible inclusion of a Hubbard U term applied to transition metal d electrons. We rationalize 
our findings both in terms of changes in the localization of the single-particle orbitals and 
also of screening in the response function.

We acknowledge support from the Danish Council for Independent Research\’s Sapere 
Aude Program, Grant No. 11-1051390.

[1] Ren, Rinke, Joas & Scheffler, J. Mater. Sci. 47, 7447 (2012)
[2] Olsen & Thygesen, Phys. Rev. B 87, 075111 (2013)
[3] Harl, Schimka and Kresse, Phys. Rev. B 81, 115126 (2010)

Wednesday 15:45 h, Auditorium, Invited S6 I5

Quantum chemistry in the condensed phase

Garnet Chan1

1) Department of Chemistry, Princeton University 

I will discuss quantum embedding approaches to the total energy and spectral properties of 
condensed phases, with an emphasis on catalysis and correlated materials.

Wednesday 16:15 h, Auditorium, Contributed S6 C8

Numeric atom-centered orbital basis set with correlation 
consistency for 3d transition metals

Salih Akbudak1, Volker Blum2, Igor Ying Zhang1, Matthias Scheffler1

1) Fritz Haber Institute of the Max Planck Society 
2) Duke University 

A thorough understanding of materials properties needs an appropriate description of 
electron correlation methods like RPA, MP2, GW, etc. However, such correlations require 
basis sets that are more flexible than those needed for standard DFT functionals. Compared 
to Gaussian or Plane-wave orbitals, numeric atom-centered orbitals (NAO) are more compact 
and transferable, thus appealing for the correlation-consistent (CC) basis set construction, 
as already demonstrated for light elements from H to Ar[1]. However, an effective CC strategy 
for heavier elements remains a challenge.

We show the basis set convergence of RPA correlation. Comparing to Dunning\’s 
observation on light elements[2], we find a different convergence behavior for the 3d transition 
metals, which motivates us to develop an adapted CC strategy. The NAO basis functions are 
optimized against the RPA atomic total energies considering the correlations from the first 
two valence shells. The resulting NAO double-valence CC basis sets are named as NAO-
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DVCC-lZ, where \’\’l\’\’\’ denotes the highest angular momentum number. Studies on 3d 
materials demonstrate the power of NAO-DVCC-lZ which surpasses existing CC basis sets. 
[1] I.Y. Zhang, et al., NJP 15 (2013). [2] T.H. Dunning, JCP, 90 (1989).



Ψk-2015

94 Abstracts of  Inv i ted and Contr ibuted Talks

Symp. 7: Novel Density Functionals
Organized by Robert Di Stasio, John Dobson, Wanda 

Andreoni
Monday 10:30–17:45 h

Monday 10:30 h, Room 1+2+3, Invited S7 I1

Time-Dependent Density Functional Theory For Non-Equilibrium 
Dynamics: An Exact Condition

Neepa Maitra1

1) Hunter College and the Graduate Center of the City University of New York 

The study of electron dynamics far from the ground-state is of increasing interest today in 
many applications: attosecond control and manipulation of electron and consequent ion 
dynamics, photovoltaic design, photoinduced processes in general. Time-dependent density 
functional theory is increasingly used to computationally study such non-perturbative 
problems, although its reliability is not so clear. Here we demonstrate the importance of a 
new exact condition that should be satisfied by the exchange-correlation potential for 
accurate dynamics. The condition arises from the fundamental property of a quantum system 
driven by an external field that when the field is turned off the positions of its response 
frequencies are independent of the time at which the field is turned off. The Kohn-Sham 
potential typically continues to evolve after the field is turned off, yielding time-dependence 
in the response frequencies of the Kohn-Sham response function. The exchange-correlation 
kernel must cancel out this time-dependence. The condition is typically violated by 
approximations currently in use, as we demonstrate by several examples, which has severe 
consequences for their predictions of time-resolved spectroscopy.

[1] J. I. Fuks, K. Luo, E. Sandoval, N. T. Maitra, Phys. Rev. Lett. 114, 183002 (2015).

Monday 11:00 h, Room 1+2+3, Contributed S7 C1

Shell structure based functionals for the kinetic energy

Kati Finzel1

1) Linköpings university, Department of Physics (IFM) 

This work provides an intensive study of the link between the energetic performance of 
kinetic energy density functionals and their ability to capture the atomic shell structure.

A new group of shell structure based functionals (SSB), which rely on the proper 
representation of the atomic shell structure in real space is introduced.

Starting from the model of a perfect piecewise exponential decaying electron density, an 
analytical expression for the kinetic energy density including two parameters is given.

It is shown that a proper local description of the atomic shell structure gives rise to suitable 
kinetic energy functionals.
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The resulting SSB functional overestimates the kinetic energy by 10\\% only when applied 
to the self consistent Kohn-Sham electron density for Si in diamond structure.

Local changes in the kinetic energy density due to relativistic effects are also captured by 
the proposed SSB functional.

Monday 11:15 h, Room 1+2+3, Contributed S7 C2

Local versus Non-Local Exact Exchange in Hybrid Functionals

Ute Werner1, Dmitrii Nabok1, Claudia Draxl1

1) Physics Department and IRIS Adlershof, Humboldt-Universität zu Berlin, Zum Großen Windkanal 
6, D-12489 Berlin, Germany 

Hybrid functionals for DFT partially correct the self-interaction error as present in semi-local 
functionals by including a specific amount of exact exchange. In standard implementations, 
the HF approach is employed for the exact exchange, leading to non-local hybrid functionals. 
We present an approach for local hybrid functionals based on the optimized effective 
potential (OEP), which also accounts for the exchange discontinuity. This has been realized 
in the all-electron full-potential computer package exciting [1, 2]. We compare these two 
types of functionals for the electronic structure of prototypical semiconductors and insulators. 
We find that the band gaps are systematically larger by up to 15 % in case of the non-local 
functionals. Also d-band positions of semiconductors such as GaAs or GaN are affected. In 
addition, we demonstrate the impact of the exact exchange type, when these hybrid 
functionals are used as a starting point for G0W0 calculations.
[1] A. Gulans, S. Kontur, C. Meisenbichler, D. Nabok, P. Pavone, S. Rigamonti, S. Sagmeister, U. 

Werner, and C. Draxl, J. Phys.: Condens. Matter 26 (2014) 363202
[2] http://exciting-code.org
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Monday 11:30 h, Room 1+2+3, Invited S7 I2

Noncollinear magnetism in Spin-Density-Functional Theory

F. G. Eich1, E. K. U. Gross2, S. Pittalis3, G. Vignale1

1) Department of Physics and Astronomy, University of Missouri, Columbia, Missouri, USA 
2) Max-Planck-Institut fur Mikrostrukturphysik, Halle, Germany 
3) CNR – Istituto Nanoscienze, Centro S3, Modena, Italy 

We present an overview of our current efforts to construct approximations to the exchange-
correlation energy (Exc) functional of Spin-Density-Functional Theory (SDFT), specifically 
aiming at the description of system exhibiting a noncollinear magnetic structure. Starting 
from an argument that the well-known local spin-density approximation (LSDA) is not able to 
produce a nontrivial noncollinear spin magnetization, we discuss our recent proposal to use 
the so-called spin-spiral state of the uniform electron gas as an intrinsically noncollinear 
reference system for a generalized LSDA. Furthermore we compare the longitudinal and 
transverse contributions to the gradient expansion of Exc. Finally, we summarize the 
advantages and drawbacks of various approaches to address noncollinear magnetism within 
SDFT and highlight open questions and challenges.
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Monday 15:00 h, Room 1+2+3, Invited S7 I3

Functionals from the strong-coupling limit of DFT: promises and 
challenges

Paola Gori-Giorgi1

1) VU University Amsterdam, The Netherlands 

The exact strong-coupling limit of Density Functional Theory (DFT) provides information on 
the structure of the exact exchange-correlation functional in a mathematically well defined 
asymptotic regime, with ingredients different than the ones normally appearing in the 
traditional “Jacob\’s ladder” approach. In this talk it will be explained how this different 
structure can be used to construct novel approximate exchange-correlation density 
functionals, both for ground state and time-depedent DFT.

Monday 15:30 h, Room 1+2+3, Invited S7 I4

On the general-purpose nature of van der Waals density 
functionals

Per Hyldgaard1

1) Chalmers University of Technology 

An accurate account of truly nonlocal correlations is important for understanding, for example, 
van der Waals (vdW) binding among molecules, weak chemisorption of organics, cohesion 
in layered compounds and in bulk. It helps us predict material structure which in turn 
determines optical response and other functionality. The vdW density functional (vdW-DF) 
method starts from the electron-response description that underpins the generalized gradient 
approximation (GGA). It adds a systematic counting of zero-point energy shifts arising from 
the electrodynamical coupling of GGA-type exchange-correlation holes. My talk explains 
how this formal interpretation recently guided us to define a consistent-exchange vdW-DF 
version, termed vdW-DF-cx, and a proper spin vdW-DF formulation. The vdW-DF-cx seeks 
to link many-body physics input relevant for bulk matter with insight on the role of exchange 
in molecular interactions. The design is nonempirical and firmly rooted in the electron-gas 
tradition for crafting density functionals. My talk reports a broad testing, showing vdW-DF-cx 
is highly accurate in the description of many different types of systems. My talk also discusses 
the mechanisms that contribute to this good tranferability of vdW-DF-cx and to the general-
purpose nature of the vdW-DF method.
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Monday 16:00 h, Room 1+2+3, Contributed S7 C3

The AK13 exchange functional and beyond 

Rickard Armiento1, Alexander Lindmaa1, Stephan Kümmel2

1) Department of Physics, Chemistry and Biology (IFM), Linköping University, Linköping, Sweden 
2) Theoretische Physik IV, Universität Bayreuth, Bayreuth, Germany 

The Armiento-Kümmel functional from 2013 (AK13) [1] is a non-empirical semi-local 
exchange functional on generalized gradient approximation form (GGA) in Kohn-Sham (KS) 
density functional theory (DFT). Recent works have established that AK13 gives a qualitatively 
improved orbital description and band structure compared to other semi-local methods [2]. 
The results are similar to what can be achieved by model potentials, but avoids the related 
fundamental theoretical issues (i.e., the AK13 orbitals solve the variational DFT problem). 
We outline the construction of the AK13 functional and our recent efforts in extending it into 
an exchange-correlation functional with appropriate energetics. Among our results is a new 
non-empirical functional construct that uses a numerical parameter for a system-dependent 
non-local contribution to the energy that has to be determined by a separate non-demanding 
calculation. The method is shown to successfully combine geometrical optimization with 
improved band structure.

[1] R. Armiento and S. Kümmel, Phys. Rev. Lett. 111, 036402 (2013).
[2] See, e.g., V. Vlcek, G. Steinle-Neumann, L. Leppert, R. Armiento, S. Kümmel, Phys. Rev. B 91, 

035107 (2015).



Ψk-2015

 Abstracts of  Inv i ted and Contr ibuted Talks 99

Monday 16:15 h, Room 1+2+3, Invited S7 I5

Bayesian Error Estimation Functionals

Karsten W. Jacobsen1

1) CAMD, DTU Physics, Technical University of Denmark, DK-2800 Kongens Lyngby, Denmark. 

In the talk I shall describe recent developments in Bayesian Error Estimation Functionals 
(BEEF). The functionals are constructed by fitting to experimental and high-quality 
computational databases for molecules and solids including chemisorption and van der 
Waals systems. This leads to reasonably accurate general-purpose functionals with particual 
focus on suface science. The fitting procedure involves considerations on how to combine 
different types of data, and applies Tikhonov regularization and bootstrap cross validation. 
The methodology has been applied to construct GGA and metaGGA functionals with and 
without inclusion of long-ranged van der Waals contributions. The procedure provides not 
only best-fit functionals but an ensemble of functionals which can be used for estimating 
errors on computed quantities. This last point is illustrated by a recent investigation of the 
reliability of calculated catalytic ammonia synthesis rates.

Monday h, 16:45, Room 1+2+3, Contributed S7 C4

A variational polaron self-interaction corrected total-energy 
functional for charge excitations in insulators

Babak Sadigh1, Paul Erhart2, Daniel Åberg1

1) Lawrence Livermore National Laboratory, Livermore, California, USA 
2) Chalmers University of Technology, Gothenburg, Sweden 

In this contribution we show that the failure of density-functional theory (DFT) to describe 
polaron formation in insulators is due to polaron self-interaction (pSI) in standard 
approximations to the exchange-correlation (XC) potential. A modification to the DFT total-
energy functional is proposed that corrects for the pSI. The resulting DFT-pSIC functional 
constitutes an accurate parameter-free ab initio methodology for calculating polaron 
properties in insulators at a computational cost that is orders of magnitude smaller than 
hybrid XC functionals. This is demonstrated by studying formation and migration of self-
trapped holes in alkali halides as well as self-trapped electrons in an elpasolite compound. 
In doing so, we show that the DFT-pSIC approach consistently reproduces the results 
obtained by hybrid XC functionals parametrized by DFT+G0W0 calculations.
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Monday 17:00 h, Room 1+2+3, Contributed S7 C5

Almost exact exchange at almost no computational cost

Peter Elliott1, Attila Cangi1, Stefano Pittalis2, E.K.U Gross1, Kieron Burke3

1) Max Planck Institute of Microstructure Physics 
2) CNR - Istituto Nanoscienze 
3) University of California, Irvine 

Potential Functional Theory (PFT) is the dual of Density Functional Theory (DFT) and has 
been used in the past to study and understand aspects of DFT, for example the optimized-
effective-potential (oep) method used for orbital-dependent functionals. However PFT can 
stand alone as an alternative approach to electronic structure.

In this work we extend pure PFT to interacting systems and utilize the Kohn-Sham (KS) 
system to build approximations based on the non-interacting KS potential rather than the 
external potential. We then construct a new functional for the exchange energy in this 
framework based to a semiclassical approximation for the 1-body reduced density matrix. 
We test this functional for 1d systems and demonstrate that its accuracy matches that of oep 
exact-exchange calculations, while requiring a much lower computational cost. Finally we 
turn our attention back to DFT and ask what insights into density functionals can be gained 
by studying why this approximation works so well.
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Monday h, 17:15, Room 1+2+3, Invited S7 I6

Quantum Fluctuations and Non-Covalent Interactions in Density-
Functional Theory

Alexandre Tkatchenko1

1) Fritz-Haber-Institut der MPG 

Non-covalent interactions are ubiquitous in molecules and materials. Our conceptual 
understanding of these interactions is largely based on perturbative models, which are often 
unable to capture the full extent of non-local quantum-mechanical fluctuations. The origin of 
such many-body fluctuations will be discussed and their importance demonstrated in the 
context of DFT for a hierachy of materials, ranging from simple gas-phase dimers, 
supramolecular host-guest complexes, extended molecular crystals, to layered 2D 
heterostructures. The development of efficient many-body methods that explicitly address 
the non-local collective nature of quantum fluctuations not only leads to significant 
improvements in the accuracy of calculations [1,2,3], but also allows us to discover novel 
conceptual insights that give us the ability to control these fluctuations in the design of 
intricate materials. These facts will be highlighted by presenting a few selected examples 
from our recent work [3,4].
[1] PRL 102, 073005 (2009).
[2] PRL 108, 236402 (2012).
[3] PNAS 109, 14791 (2012).
[4] Nature Comm. 4, 2341 (2013); JPCL 4, 1028 (2013); Angew. Chem. Int. Ed. 52, 6629 (2013); Acc. 

Chem. Res. 47, 3208 (2014); PRL 114, 096101 (2015); PRL 114, 176802 (2015).
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Symp. 8: Recent Developments in Density Matrix  
Functional Theory

Organized by Nicole Helbig, Heiko Appel
Tuesday 15:00–17:45 h, Room 8+9

Tuesday 15:00 h, Room 8+9, Invited S8 I1

Time-dependent renormalized natural orbital theory for laser-
driven correlated few-body quantum dynamics 

Dieter Bauer1, Julius Rapp1, Martins Brics1, Adrian Hanusch1

1) Institute of Physics, University of Rostock, Germany 

Reduced density matrix functional theory (RDMFT) can be formulated in terms of the 
eigenfunctions of the 1-RDM, the ``natural orbitals\’\’ (NO), leading to natural orbital theory 
(NOT). In many-body strong-field physics we are mainly interested in time-dependent, 
correlated phenomena far beyond linear response. Hence, a full time-dependent version of 
NOT, i.e., TDNOT, or TDRDMFT, is needed, especially in cases where simpler TDDFT fails 
[1,2]. 

In our presentation, we test the TDNOT approach with the help of numerically exactly 
solvable model systems and well-known, “worst-case” resonant or correlated strong-field 
phenomena [3-5]. In cases where the exact wave function is available, (TD)NOT is useful to 
analyze the role of correlation in the system. The effective two-particle case is of particular 
importance because the 2-RDM functional is known there. We also explain how the highly 
nonlinear equations of motion for the time-dependent NO are actually solved for these 
systems. 

[1] F. Wilken and D. Bauer, Phys. Rev. Lett. 97, 203001 (2006).
[2] M. Ruggenthaler and D. Bauer, Phys. Rev. Lett. 102, 233001 (2009).
[3] J. Rapp, M. Brics, D. Bauer, Phys. Rev. A 90, 012518 (2014).
[4] M. Brics, J. Rapp, D. Bauer, Phys. Rev. A 90, 053418 (2014).
[5] M. Brics, D. Bauer, Phys. Rev. A 88, 052514 (2013).

Tuesday 15:30 h, Room 8+9, Contributed S8 C1

Invertibility of retarded response functions for Laplace 
transformable potentials: application to one-body reduced density 
matrix functional theory

Klaas Giesbertz1

1) Vrije Universiteit Amsterdam, The Netherlands 

A theorem for the invertibility of arbitrary response functions is presented under the following 
conditions: the time-dependence of the potentials should be Laplace transformable and the 
initial state should be a ground state, though might be degenerate. This theorem provides a 
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rigorous foundation for all density-functional-like theories in the time-dependent linear 
response regime. Especially for time-dependent one-body reduced density matrix (1RDM) 
functional theory this is an important step forward, since a solid foundation has currently 
been lacking. The theorem is equally valid for static response functions in the non-degenerate 
case, so can be used to characterize the uniqueness of potential in the ground state version 
of the corresponding density-functional-like theory. Such a classification of the uniqueness 
of the non-local potential in ground state 1RDM functional has been lacking for decades. 
With the aid of presented invertibility theorem, a complete classification of the non-uniqueness 
of the non-local potential for the non-degenerate case can be given for the first time.

Tuesday 15:45 h, Room 8+9, Contributed S8 C2

Local potentials in the Reduced Density Matrix Functional Theory: 
Hybrid DFT-RDMFT approaches

Nektarios Lathiotakis1

1) Theoretical and Physical Chemistry Institute, National Hellenic Research Foundation, Vass. 
Constantinou 48, GR11635, Athens, Greece 

2) Max-Planck-Institut für Mikrostrukturphysik, Weinberg 2, D-06120 Halle, Germany 

In the reduced density matrix functional theory (RDMFT), total energy is expressed in terms 
of the one body reduced density matrix or the natural orbitals and the corresponding 
occupation numbers. We present attempts to introduce effective potentials which have been 
proposed in order to replace the inefficient natural orbital minimization, on the one hand, and 
define a single-particle spectrum in RDMFT, on the other. We focus on local potential 
approaches which can be seen as the bridge of density functional and reduced density 
matrix functional theories.

One such approach is local-RDMFT which is based on an optimized effective local 
potential. It can be viewed as an extension of optimized effective potential (OEP) method 
beyond exact exchange with the adoption of RDMFT correlated functionals or as an 
introduction of a Kohn-Sham like scheme with a multiplicative potential in RDMFT. We show 
that local-RDMFT is describes accurately static correlations, if the parent RDMFT functional 
does also. Thus, it reproduces accurately dissociation of small molecules. In addition, with 
the incorporation of subsidiary conditions healing the self-interactions in the potentials, we 
show that this approach yields reasonable single electron spectral properties like the 
Ionization Energies of molecular systems. We further show that in local-RDMFT fractional 
occupations are combined with Kohn-Sham like orbitals, opening the way for successful 
DFT-RDMFT hybrid approaches in the future.
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Tuesday 16:00 h, Room 8+9, Contributed S8 C3

Towards an N-representable 1-RDM Theory

Mario Piris1

1) Kimika Fakultatea, Euskal Herriko Unibertsitatea (UPV/EHU), P.K. 1072, 20080 Donostia, Spain. 
2) Donostia International Physics Center (DIPC), 20018 Donostia, Spain. 
3) IKERBASQUE, Basque Foundation for Science, 48011 Bilbao, Spain. 

The energy of an electron system can be determined exactly from the 2-RDM. One can 
employ the exact functional with an approximate 2-RDM that is built from the 1-RDM using 
a reconstruction functional. The ensemble N-representability conditions of the 1-RDM are 
well-known, but this does not overcome the N-representability problem of the energy 
functional. An approximate reconstruction, in terms of the diagonal 1-RDM, has been 
achieved by imposing neccessary N-representability conditions on the 2-RDM. Appropriate 
forms of the two-particle cumulant have led to different implementations of the Piris Natural 
Orbital Functional (PNOF), being the most successful the PNOF5. A wavefunction with the 
expansion coefficients explicitly expressed by means of the occupation numbers leads also 
to PNOF5, which demonstrates strictly the N-representability, size-extensivity and size-
consistency of the functional. Recently, an interacting-pair model has been proposed to 
attain a new NOF: PNOF6. The latter is superior to its predecessor. The functional is able to 
treat properly the static correlation and recover an important part of dynamic correlation. In 
this presentation, the theory behind PNOF5 and PNOF6 is outlined, and some challenging 
examples are presented.
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Tuesday 16:15 h, Room 8+9, Invited S8 I2

Spectrum within Reduced Density Matrix Functional Theory: 
application to transition metal oxides

Sangeeta Sharma1, J. K. Dewhurst1, E. K. U. Gross1

1) Max-Planck-Institut fur Mikrostrukturphysik 

Despite decades of intensive research on approximations to the exchange correlation 
functional in density functional theory (DFT) several ground state properties, most famously 
the insulating state of transition metal oxides (TMO), remain intractable problems. 
Furthermore, away from the ground-state TMOs show the rich physics of insulator-metal 
phase transitions and the physics of this phase transition is totally different for different 
methods; DFT based method, even with most sophisticated functionals, do not agree with 
many-body methods like dynamical mean field theory.

In this regard reduced density matrix functional theory (RDMFT) shows tremendous 
promise [1,2,3,4] in that (i) it is able to capture the correct insulating state of TMOs under 
ambient conditions and (ii) away from ambient pressure RDMFT correctly captures the 
physics of the insulator to metal phase transition.

In my presentation I will talk about RDMFT in general and treatment of strong correlations 
and existing problems with RDMFT in particular.

Tuesday 16:45 h, Room 8+9, Contributed S8 C4

Generalized Pauli constraints: do they have an effect on Reduced 
Density Matrix Functional Theory minimization?

Iris Theophilou1, Nektarios Lathiotakis2, Nicole Helbig3

1) Max Planck Institute for the Structure and Dynamics of Matter, Hamburg, Germany 
2) Theoretical and Physical Chemistry Institute, National Hellenic Research Foundation, Athens, 

Greece 
3) Peter Grünberg Institute and Institue of Advanced Simulations, Forschungszentrum Juelich, 

Germany 

Functionals of the one-body reduced density matrix (1-RDM) are routinely minimized under 
Coleman’s ensemble N-representability conditions. Recently, the topic of pure-state 
N-representability conditions, also known as generalized Pauli constraints, received 
increased attention following the discovery of a systematic way to derive them for any 
number of electrons and any finite dimensionality of the Hilbert space. In this presentation 
we assess the potential impact of the enforcement of the pure-state conditions on the results 
of reduced density-matrix functional theory calculations. In particular, we examine whether 
the standard minimization of typical 1-RDM functionals under the ensemble N-representability 
conditions violates the pure-state conditions for prototype 3-electron systems. We also 
enforce the pure-state conditions, in addition to the ensemble ones, for the same systems 
and functionals and compare the correlation energies and optimal occupation numbers with 
those obtained by the enforcement of the ensemble conditions alone[1].
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[1] I. Theophilou, N. N. Lathiotakis, M. A. L. Marques and N. Helbig, J. Chem. Phys. 142, 154108 
(2015)

Tuesday 17:00 h, Room 8+9, contributed S8 C5 

Exact treatment of 3D He in linearly polarized laser fields using 
TDRNOT

Julius Rapp1, Dieter Bauer1

1) Institute of Physics, University of Rostock, Germany 

Time-dependent renormalized-natural-orbital theory (TDRNOT) is a novel few-body method 
which has proven to be useful for simulating correlated phenomena of a driven 1D He model 
atom [1-3]. We introduce TDRNOT for the full-dimensional He atom and present numerical 
results.

The angular degrees of freedom are described in the basis of spherical harmonics. By 
restricting the Hamiltonian to linearly polarized laser fields and subsequently setting the 
good quantum number M to zero, certain symmetries in the natural orbitals of He are found. 
These symmetries allow one to greatly reduce the complexity of the numerical implementation 
such that the TDRNOT equations of motion for laser-driven. He can be solved on a desktop 
computer.

This work enables us to reproduce correlated phenomena of laser-atom interaction 
(observed in experiments) via numerical ab-initio simulations. These phenomena are, e.g., 
excitations to doubly excited states including autoionization, non-sequential double ionization, 
and single-photon double ionization.

[1] M. Brics and D. Bauer, Phys. Rev. A 88, 052514 (2013).
[2] J. Rapp, M. Brics, and D. Bauer, Phys. Rev. A 90, 012518 (2014).
[3] M. Brics, J. Rapp, and D. Bauer, Phys. Rev. A 90, 053418 (2014).

Tuesday 17:15 h, Room 8+9, Invited S8 I3

A favorably-scaling natural-orbital functional theory based on 
higher-order occupation probabilities

Ralph Gebauer1

1) ICTP - The Abdus Salam International Centre for Theoretical Physics (Trieste, Italy) 

We introduce an energy functional for ground-state electronic structure calculations with 
fundamental variables the natural spin orbitals and their joint occupation probabilities in an 
implied many-body trial wave function. We use a controlled approximation for the two-particle 
density matrix that greatly extends the accuracy compared to current functionals of the one-
particle density matrix only. Algebraic scaling of computational cost with electron number is 
achieved in general, and Hartree-Fock scaling in the seniority-zero version of the theory. We 
present results obtained with the latter version for saturated small molecular systems for 
which highly accurate quantum chemical computations are available for comparison. The 
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results are variational, capturing most of the correlation energy from equilibrium to 
dissociation.
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Symp. 9: DFT for Coupled Matter – Photon Systems
Organized by Heiko Appel and Michael Ruggenthaler

Monday 15:00–18.30 h

Monday 15:00 h, Room 4 +5, Invited S9 I1

Quantum Electrodynamical Density-Functional Theory:  
An approach to the time-dependent matter-photon problem

Michael Ruggenthaler1,2, Heiko Appel2,3

1) Institut für Theoretische Physik, Universität Innsbruck, Technikerstraße 21a, A-6020 Innsbruck, 
Austria 

2) Max-Planck-Institut für Struktur und Dynamik der Materie, Luruper Chaussee 149, 22761 
Hamburg, Germany 

3) Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, D-14195 Berlin, Germany 

We discuss Quantum Electrodynamical Density-Functional Theory (QEDFT) [1], which is an 
extension of time-dependent density-functional theory (TDDFT) to include the interaction 
with photons. While in standard density-functional approaches the system of particles is 
described by only one reduced quantity, in QEDFT we have particles interacting with photons 
and hence need a pair of reduced quantities, e.g., the charge current and the vector potential 
of the photon field. This allows us to describe the matter-photon system by two uncoupled 
auxiliary Kohn-Sham systems, in which the exchange-correlation potential gets a new 
contribution from the coupling to the photon field. Based on the fixed-point formulation of 
TDDFT [2] we can numerically determine the exact exchange-correlation potential [3] and 
observe real-space signatures of the photons. We further see how deviations from the mean-
field approximation indicate a non-classical behaviour of the photon field and that 
approximations beyond mean-field [4] are necessary.
[1] M. Ruggenthaler et al, Phys. Rev. A 90, 012508 (2014).
[2] M. Ruggenthaler, and R. van Leeuwen, Europhys. Lett. 95, 13001 (2011).
[3] J. Flick et al, in preparation (2015).
[4] C. Pellegrini et al, arxiv:1412.4530 (2014).

Monday 15:30 h, Room 4 + 5, Invited S9 I2

Kohn-Sham equations for ground state and time-dependent 
density functional theory of quantum electrodynamics

John Kay Dewhurst1, Walter Tarantino1, Ahmad Rajabi1, Sangeeta Sharma1,  
E. K.U. Gross1

1) Max-Planck-Institut für Mikrostrukturphysik, Weinberg 2, D-06120 Halle, Germany

This work establishes the general algebraic structure of the Kohn-Sham equations to be 
solved in the density functional theory formulation of quantum electrodynamics. A Bogoliubov 
transform is required to diagonalize the Kohn-Sham Hamiltonian since it represents a non-
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interacting quantum field theory. We calculate observables which are at most quadratic in 
the fields and extend the theory to the time domain. We also list possible (semi-) local 
densities available to the theory as derived from representations of the Lorentz group. These 
include separate electron and positron densities as well as various photon densities. The 
connection between the fermionic densities and the Kohn-Sham system is established by a 
simple proof of the Hohenberg-Kohn theorem for non-interacting systems.

Monday 16:00 h, Room 4+ 5, Contributed S9 C1

Quantum electrodynamical time-dependent density-functional 
theory for many-electron systems on a lattice 

Mehdi Farzananehpour1, I. V. Tokatly 1

1) Nano-Bio Spectroscopy group and ETSF Scientific Development Centre, Departamento de 
Fisica de Materiales, Universidad del Pais Vasco UPV/EHU, E-20018 San Sebasti ́ an, Spain 

2) IKERBASQUE, Basque Foundation for Science, E-48011 Bilbao, Spain 

In this work we present a rigorous formulation of the time-dependent density functional 
theory for interacting lattice electrons strongly coupled to cavity photons. We start with the 
general formalism of many interacting electrons on a lattice coupled to multiple photonic 
modes and prove the general mapping theorem. We prove that the electron-photon wave 
function is a unique functional of the electronic density and the expectation value of the 
photonic coordinate, provided the initial state and the density satisfy a set of well defined 
conditions. We also show that for a system evolving from the ground state of a lattice 
Hamiltonian any density with a continuous second time derivative is locally v-representable.
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Monday 16:15 h, Room 4 + 5, Invited S9 I3

Electron-Photon Coupling in Stationary Relativistic DFT

Eberhard Engel1

1) Center for Scientific Computing, Goethe University Frankfurt 

In this talk the role of electron-photon coupling in relativistic dft (rdft) for ground states will be 
reviewed. It will be shown how the exchange-correlation (xc) functional of rdft can be 
expressed in terms of the building blocks of QED, the KS and photon propagators. The 
corresponding exchange contribution will be studied in detail, pointing out its gauge invariance 
in the presence of the no-pair approximation. The importance of the QED-corrections for the 
xc-energy and potential are investigated for atoms.

Monday 16:15 h, Room 4 + 5, Contributed S9 C2

Kohn-Sham Approach to Cavity QED: Exact vs. Approximate 
Effective Fields

Johannes Flick1, Camilla Pellegrini2, Michael Ruggenthaler3,4, Heiko Appel1,4, Ilya V. 
Tokatly5, Angel Rubio1,2,4

1) Fritz-Haber-Institut der MPG, Berlin
2) Nano-bio Spectroscopy Group/ETSF Scientific Development Centre, Departamento de Fisica de 

Materiales, Universidad del Pais Vasco UPV/EHU, San Sebastian
3) Universität Innsbruck
4) MPI for the Structure and Dynamics of Matter, Hamburg
5) KERBASQUE, Basque Foundation for Science, 48011 Bilbao

In the last decade, time-dependent density functional theory (TDDFT) has been successfully 
applied to a large variety of problems, such as calculations of absorption spectra, excitation 
energies, or dynamics in strong laser fields. Recently, we and our collaborators have 
generalized TDDFT to also describe electron-photon systems (QED-TDDFT) [1,2]. Here, 
matter and light are treated on an equal quantized footing.

In this work, we present the first numerical calculations in the framework of QEDTDDFT.
We show exact solutions for fully quantized prototype systems consisting of atoms or 

molecules placed in optical high-Q cavities and coupled to quantized electromagnetic 
modes, both for model systems heavily used in Quantum Optics, as well as for real-space 
systems. We focus on the electron-photon xc-contribution by calculating exact Kohn-Sham 
potentials in real-space using fixed-point inversions and present the performance of the first 
approximated xc-potential based on an optimized effective potential (OEP) approach for a 
Jaynes-Cummings-Hubbard dimer [3].
[1] I. Tokatly, Phys. Rev. Lett. 110, 233001 (2013).
[2] M. Ruggenthaler et.al., Phys. Rev. A 90, 012508 (2014).
[3] C. Pellegrini et.al., arXiv:1412.4530 (2014).
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Monday 17:00 h, Room 4 + 5, Invited S9 I4

Kadanoff-Baym equations for time-dependent coupled 
electronboson systems

Robert Van Leeuwen1

1) University of Jyväskylä 

In this presentation we will discuss the application of the non-equilibrium many-body Green’s 
function formalism for the description of coupled electron-boson systems out of equilibrium. 
Within this formalism the system is described by electronic and bosonic propagators which 
satisfy a coupled system of integro-differential equations, known as the Kadanoff-Baym 
equations. The formalism is very general and can deal with a wide variety of physical systems, 
such as electrons coupled to quantised photons or to phonons. We illustrate the formalism an 
some simple model systems that allow for comparison to exact results. We further give an 
outlook how to deal with more realistic systems in a simplified version of the formalism.

Monday 17:30 h, Room 4 + 5, Contributed S9 C3

Optimized Effective Potential for Quantum Electrodynamical  
Time-Dependent Density-Functional Theory

Camilla Pellegrini1, Johannes Flick2, Ilya V. Tokatly1,3, Heiko Appel2,4, Angel Rubio1,2,4

1) University of the Basque Country (UPV/EHU) 
2) Fritz Haber Institute of the Max Planck Society (FHI) 
3) IKERBASQUE 
4) Max Planck Institute for the Structure and the Dynamics of Matter (MPI-SDM) 

Recently, we and our collaborators have extended time-dependent density-functional theory 
(TDDFT) to electronic systems coupled to quantum electromagnetic fields [1, 2]. Merging 
electronic structure theory and quantum optics, the new QED-TDDFT formalism opens up to 
a first-principles description of the quantum dynamics of many-body electron-photon 
systems. Potential applications involve many areas of experimental interest (e.g. cavity and 
circuit QED, quantum computing, quantum plasmonics etc.), but require suitable 
approximations to the electron-photon exchange-correlation (xc) functional. Here, we 
construct the first approximation to such xc-functional by extending the optimized effective 
potential (OEP) approach to the photon-mediated electron-electron coupling. The (TD)OEP 
equation for the electron-photon system is derived in the form of the linearized (time non-
local) Sham-Schlüter equation on the Keldysh contour. We illustrate the formalism with a 
simple yet non-trivial example, i.e. the two-site Hubbard model for the H2

+ molecule coupled 
to one photon mode (the well-known Rabi model in quantum optics) from the weak to the 
ultrastrong coupling regime. The electron-photon (TD)OEP for the model clearly improves 
over the classical treatment of the electromagnetic field, providing a promising path for 
describing complex strongly coupled matter-photon systems.
[1] I. V. Tokatly, Phys. Rev. Lett. 110, 233001 (2013).
[2] M. Ruggenthaler, J. Flick, C. Pellegrini, H. Appel, I. V. Tokatly and A. Rubio, Phys. Rev. A 90, 

012508 (2014).
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Monday 17:45 h, Room 4 + 5, Contributed S9 C4

Extended Kohn-Sham Systems for Quantum Electrodynamical 
Time-Dependent Density Functional Theory

Walter Tarantino1, John K. Dewhurst2, Ahmad Rajabi2, Sangeeta Sharma2, E. K. U. 
Gross2

1) LSI, Ecole Polytechnique, Palaiseau - France 
2) Max Planck Institute for Microstructure Physics, Halle - Germany 

A time-dependent Kohn-Sham approach to Quantum Electrodynamics would allow the 
description of time-dependent phenomena that are currently out of reach of standard TDDFT. 
Relativity and quantization of the electromagnetic field are essential for describing pair 
creation but are key ingredients also in treating spontaneous decay of excited states and 
dynamics of electrons under very strong laser fields. In this work, the foundations of the fully 
relativistic theory are analysed, the pioneering works of [1] and [2] are revised and extended. 
Furthermore, extensions of the quantum electrodynamical Kohn-Sham system, for both the 
fermionic and the bosonic sectors, are presented.

[1] A. K. Rajagopal, “Time-dependent functional theory of coupled electron and electromagnetic fields 
in condensed-matter systems,” Phys. Rev. A 50, 3759 (1994).Author(s).

[2] M. Ruggenthaler, F. Mackenroth, and D. Bauer, “Time-dependent Kohn-Sham approach to quan-
tum electrodynamics,” Phys. Rev. A 84, 042107 (2011).

Monday 18:00 h, Room 4 + 5, Invited S9 I5

Nonadiabatic dynamics with relativistic effects

Felipe F. de Carvalho1, Gloria Capano2, Basile F.E. Curchod3, Thomas J. Penfold4, 
Ivano Tavernelli5

1) Centre Européen de Calcul Aromique et Moléculaire, Lausanne, 1015, Switzerland 
2) Laboratory of ultrafast spectroscopy, Ecole Polytechnique Fédérale de Lausanne, Lausanne 

1015, Switzerland 
3) Department of Chemistry and the PULSE Institute, Stanford University, Stanford, California 

94305, USA 
4) SwissFEL, Paul Scherrer Inst, Villigen, Switzerland 
5) IBM Research – Zurich, 8803 Rueschlikon, Switzerland 

In trajectory-based nonadiabatic molecular dynamics the time-evolution of a nuclear 
wavepacket is described by an ensemble of trajectories following classical evolution on 
different potential energy surfaces. Alternatively, quantum dynamics can be formulated in 
the framework of nuclear wavepacket propagation confined to a portion of the configuration 
space. The combination of these two complementary approaches allows to shed new light 
on the photophysics of complex molecular complexes in solution.

In this talk, I present an extension of TDDFT-based trajectory surface hopping dynamics 
that enables the description of inter system crossing (ISC) events, i.e. transitions between 
states of different spin multiplicity. To this end, I describe a rigorous method for the calculation 
of spin-orbit coupling matrix elements in the framework of TDDFT and a spin-diabatic 
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representation of the ISC transition probabilities. This approach is applied to the investigation 
of the photophysics of different molecular systems in solution, including molecular dyes and 
graphene nano-flakes. Finally, I will discuss the direct coupling of the dynamics to external 
time-dependent electric fields (laser pulses), which anables the control of chemical reactions 
through the application of pulse shaping algorithms (local control theory).
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Symp. 10: Applications of Quantum Monte Carlo Methods
Organized by Matthew Foulkes

Wednesday 10:00–17:00 h, Chamber Hall

Wednesday 10:00 h, Chamber Hall, Invited S10 I1

Attacking the sign problem in path integral Monte Carlo from two 
directions

Ethan Brown1

1) 1) ITP ETH Zurich 

Explicit treatment of many-body Fermi statistics in path integral Monte Carlo results in 
exponentially scaling computational cost due to the near cancellation of contributions to 
observables from even and odd permutations. Currently, this sign problem can be avoided 
by imposing a fixed node constraint, resulting in an uncontrolled error. We propose a novel 
route to variationally improve the approximation that heretofore has be ignored. Alternatively, 
through direct analysis of exchange statistics, we find that individual exchange probabilities 
in homogeneous systems are, barring known combinatorial factors, independent of the 
configuration of other permutations present. This allows a complete reconstruction of 
permutation space, and a concrete heuristic for which to solve signful path integrals.



Ψk-2015

 Abstracts of  Inv i ted and Contr ibuted Talks 115

Wednesday 10:30 h, Chamber Hall, Invited S10 I2

Quantum Monte Carlo for Materials at High Pressures

Ronald Cohen1,2

1) Carnegie Institution, 5251 Broad Branch Rd., N.W., Washington, D.C. 20015 
2) University College London, 222 Pearson Building, Gower Street, London WC1E 6BT UK 

We have applied Diffusion Monte Carlo using the CASINO and QMCPACK codes to high 
pressure problems including developing a fundamental high pressure scale using cubic 
Boron Nitride, and constraining the equations of state and phase transitions in SiO2, MgSiO3, 
and FeSiO3. Using Dynamical Mean Field Theory (DMFT) with DFT we can study materials 
with strong correlations, and obtain properties at finite electronic temperatures. We solve 
self-consistently for the correlated subsystem and for the crysta using Kristjan Haule\’s DFT/
DMFT code. We have predicted metallisation in FeO at high pressures and temperatures 
and studied Fe-superconductors under pressure. We computed the contribution from 
electron-electron scattering to the resistivity of iron at high pressures and temperatures, and 
found that the electron-electron scattering is just as important as electron-phonon scattering, 
and gives a linear temperature dependence, just like the electron-phonon scattering. This 
solved a severe problem for generation of Earth’s magnetic field, as electron-phonon 
scattering was took weak and lead to a conductivity too high to account for Earth’s magnetic 
field using the conventional understanding of the geodynamo (Peng et al., Nature 2015 
doi:10.1038/nature14090). Supported by the NSF and the ERC.

Wednesday 11:00 h, Chamber Hall, Contributed S10 C1

The Quantum Monte Carlo studies of interactions in van der Waals 
bilayer systems

Cheng-Rong Hsing1, Ching Cheng2, Chun-Ming Chang3, Ching-Ming Wei1

1) Institute of Atomic and Molecular Sciences, Academia Sinica, Taipei, Taiwan 
2) Department of Physics, National Cheng Kung University, Tainan, Taiwan 
3) Department of Physics, National Dong Hwa University, Hualien, Taiwan 

The van der Waals (vdW) interaction is one of the most fundamental physical quantities 
resulting from quantum fluctuation of charges. However, it remains a challenge to account 
for this interaction quantitatively in both theory and experiment. In recent years, there have 
been many proposed vdW functionals attempted to overcome this deficiency; however, 
discrepancies in the obtained binding energies using different vdW functionals are usually 
apparent. In this work, we present the results of the binding energy for various two-
dimensional (2D) bilayer systems: BN/BN [New J. Phys. 16, 113015 (2014)], Silicene/BN, 
Silicene/Graphene, and MoS2/Graphene using Diffusion Monte Carlo (DMC) and Density 
Functional Theory (DFT) with LDA and various vdW functionals. The DMC results of binding 
energy and the behavior beyond the equilibrium distance have diverse differences from 
those obtained by DFT with LDA and vdW functionals. The outcome of present study would 
serve as the benchmark of 2D bilayer systems for various DFT vdW functionals and guidance 
for prospective experiments.
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Wednesday 11:15 h, Chamber Hall, Contributed S10 C2

Electron Correlation on DNA Stacking: A Quantum Monte Carlo 
Study

Kenta Hongo1, Cuong Nguyen Thanh2, Ryo Maezono1

1) School of Information Science, JAIST, Japan. 
2) Nanosystem Research Institute (NRI), AIST, Japan 

We report fixed-node diffusion Monte Carlo (DMC) calculations of stacking interaction energy 
between two adenine(A)-thymine(T) base pairs in B-DNA (AA:TT). We consider four sets of 
nodal surfaces obtained from self-consistent field calculations and examine how the different 
nodal surfaces affect the DMC potential energy curves of the AA:TT molecule and the 
resulting stacking energies. We find that the DMC potential energy curves using the different 
nodes look similar to each other as a whole. We also benchmark the performance of various 
quantum chemistry methods, including Hartree-Fock (HF) theory, second-order Møller-
Plesset perturbation theory (MP2), and density functional theory (DFT). The DMC and 
recently developed DFT results of the stacking energy reasonably agree with the reference, 
while the HF, MP2, and conventional DFT methods give unsatisfactory results.
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Wednesday 11:30 h, Chamber Hall, Invited S10 I3

Bulk and defect properties of semiconductors via fixed node 
diffusion Monte Carlo

Elif Ertekin1

1) University of Illinois at Urbana-Champaign 

Obtaining accurate descriptions of the properties of point defects in semiconductors from 
first principles has been a longstanding challenge. Many recent developments, such as the 
more widespread use of hybrid density functional theory, have provided substantial 
improvements. However, there still remain several questions about the accuracy attainable. 
Recently we have been exploring the application of fixed node diffusion Monte Carlo methods 
to modeling the bulk and defect semiconductor properties. The use of a many-body approach 
that directly treats electron correlation offers the possibility of high accuracy, systematically 
improvable descriptions. I will discuss several examples, including phase stability in 
antiferromagnetic manganese oxide polymorphs, thermal ionization level of nitrogen defects 
in zinc oxide, and energetics of Ga DX centers in zinc selenide. In many cases where other 
methods struggle, the FN-DMC method gives quantitative results in good agreement with 
experiment and/or other high-accuracy treatments. Additionally, I will share some of the 
challenges we have faced with the application of the method and I will present some tools 
we use for statistical analysis of the QMC many-body wave functions, which can provide 
some diagnostic assessments to reveal the physics that may be missing from other first-
principles approaches.

Wednesday 13:45 h, Chamber Hall, Invited S10 I4

Ab-initio molecular dynamics by quantum Monte Carlo

Sandro Sorella1, Andrea Zen2, Guglielmo Mazzola3, Ye Luo4

1) SISSA-CNR-IOM-Trieste 
2) UCL-London 
3) ETH-Zurich 
4) ANL-Argonne 

We report recent progress in the simulation of electronic systems by a novel many -body 
wavefunction approach based on quantum Monte Carlo and molecular dynamics methods. 
This allows us to perform simulations of sveral hundreeds electrons, with a very accurate 
description of the electronic correlation without relying on the density-functional theory 
paradigm. 

We have recently applied our method to hydrogen at high pressure and liquid water at 
ambient conditions, by neglecting atomic quantum effects. In the first case we have obtained 
a new description of the liquid-liquid atomization-metallization transition at extremely high 
pressures, whereas in the second one we have obtained a rather good description of liquid 
water.

Finally we report also a recent development of our technique, allowing us to include 
atomic quantum effects, with a very efficient algorithm.
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Wednesday 14:15 h, Chamber Hall, Contributed S10 C3

Using quantum Monte Carlo for the interaction of water with 
carbonaceous and BN based substrates and assessing exchange-
correlation functionals

Yasmine S. Al-Hamdani1,2, O. Anatole von Lilienfeld4,5, Dario Alfè2,3, Angelos 
Michaelides1,2

1) Department of Chemistry, University College London, UK 
2) Thomas Young Centre and London Centre for Nanotechnology, UK 
3) Department of Earth Sciences, University College London, UK 
4) Institute of Physical Chemistry, Department of Chemistry, University of Basel, Switzerland 
5) Argonne National Laboratories. USA 

The interaction of water with the pure surfaces, graphene and hexagonal boron nitride (h-
BN), has received a lot of attention because of interesting phenomena exhibited by these 
systems and their promising potential applications in clean energy, water purification, 
hydrogen storage, and bio-sensing. BN doped graphene can also now be made, opening 
the way to carefully designed hybrid materials. However, much of the fundamental 
mechanisms regarding the interaction between these surfaces and water is still not well 
understood. We use quantum Monte Carlo to establish accurate benchmarks for water on a 
number of carbonaceous and BN based substrates, including 2-dimensional periodic 
surfaces. The benchmarks are then used to test and understand various exchange-
correlation functionals in density functional theory. We find that the physisorption of water is 
poorly described in terms of the adsorption site and the interaction energy by a range of 
different classes of exchange-correlation functionals, including some that account for 
dispersion, and we show where these inadequacies might come from. 

Wednesday 14:30 h, Chamber Hall, Contributed S10 C4

High throughput quantum Monte Carlo calculations of material 
formation energies

Tim Mueller1, Can Ataca2, Lucas Wagner3, Jeffrey C Grossman2

1) Materials Science and Engineering, Johns Hopkins University 
2) Department of Materials Science and Engineering, Massachusetts Institute of Technology 
3) Department of Physics, University of Illinois at Urbana Champaign 

The rapid increase in available computational power has made possible the population of 
material property databases using high-throughput calculations. One of the most popular 
methods for high-throughput calculations of material properties is density functional theory 
(DFT). Cancellation of errors makes DFT a useful tool for comparing materials and molecules 
in which the chemical environments of the atoms do not significantly change. However in 
some cases, this cancellation can break down and the error in DFT can be significant. Quantum 
Monte Carlo (QMC) has been shown to calculate very accurate energies for a variety of 
molecules while possessing high scalability for large computer systems. The purpose of this 
work is to assess the use of QMC in high-throughput calculations of material formation 
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energies. We used the diffusion Monte Carlo method (DMC) to calculate the 0K formation 
energies for 20 materials for which highly accurate experimental data exists. We also carried 
out QMC calculations for Li-air batteries where DFT functionals fail and experimental results 
contradict with DFT ones. To assess the practicality of using QMC on such a large scale, we 
optimized our tests in an automated way that required no manual adjustments. 

Wednesday 14:45 h, Chamber Hall, Invited S10 I5

Structures and properties of (bio)molecules from Quantum Monte 
Carlo

Leonardo Guidoni1

1) Università degli Studi dell’Aquila, Dipartimento di Scienze Fisiche e Chimiche 

In this contribution I will present an overview of recent applications of Variational Monte 
Carlo techniques based on the Jastrow Antisymmetrised Geminal Power (JAGP) wave 
function [1] to molecules in which the electron correlation plays an important role. The 
compactness of the JAGP ansatz and the possibility to fully optimize all variational parameters 
(including the exponents of the Gaussian primitives) allow us to obtain with an affordable 
computational cost an accurate determination of ground state geometries, vibrational 
properties, transition state structures, electronic densities, diradical and radical states, and 
polarizabilities [2,3]. Biomolecular applications include the spectral tuning of the Retinal 
chromophores in Rhodopsin (see picture), the role of the bond length alternation in 
carotenoids, and the properties of di-nuclear transition metal complexes [4].

[1] M. Casula, S. Sorella, J. Chem. Phys. 2003, 119, 6500
[2] E. Coccia, and L. Guidoni, J. Comput. Chem. 2012, 33, 2332. M. Barborini, S. Sorella, and L. Gui-

doni, JCTC 2012, 8, 1260. A. Zen, E. Coccia, Y. Luo, S. Sorella, and L. Guidoni, JCTC 2014, 10, 
1048.
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[3] D. Varsano, M. Barborini and L. Guidoni, J. Chem. Phys. 2014, 140, 054102. E. Coccia, D. Vars-
ano, and L. Guidoni, JCTC 2013, 1, 8. E. Coccia, D. Varsano, and L. Guidoni, JCTC 2014, 10, 501. 
M. Barborini, Y.Luo, S. Sorella and L. Guidoni, in preparation.

Wednesday 15:15 h, Chamber Hall, Invited S10 I6

Understanding strongly correlated systems using quantum Monte 
Carlo

Huihuo Zheng1, Hitesh Changlani1, Brian Busemeyer1, Lucas Wagner1

1) University of Illinois at Urbana-Champaign 

I will share some of our progress and experience on using fixed node diffusion Monte Carlo 
(FN-DMC) to study several strongly correlated systems, including the metal-insulator in 
VO2, the iron-based superconductors, and the cuprate superconductors. We have found 
that many physical properties can be reproduced accurately using first principles calculations, 
with no effective parameterization of the correlation. That is, a Slater determinant nodal 
surface is sufficient to describe the ground state, magnetic, and metallic/insulating properties 
of these systems with high fidelity to reality.

Given the high parameter-free accuracy of FN-DMC, we can then proceed to study the 
electronic structure of these materials from first principles and disentangle the origin of 
experimental phenomenology. In all these materials, the unusual states emerge from a 
balance between delocalization due to kinetic energy and localization due to interactions 
and the lattice potential. Going beyond mean-field theory allows us to treat and examine this 
balance explicitly. I will show how this balance affects the metal-insulator transition in VO2, 
the stripe-like magnetic behavior in the iron-based superconductors, and electronic 
inhomogeneities in the cuprates.
References:
Zheng and Wagner. Phys. Rev. Lett. 114, 176401 (2015)
Wagner and Abbamonte. Physical Review B 90, (2014)
Changlani, Zheng, and Wagner. arXiv:1504.03704

Wednesday 15:45 h, Chamber Hall, Invited S10 I7

Electronic structure calculations in correlated materials:  
an auxiliary-field perspective

Shiwei Zhang1

1) College of William & Mary, Williamsburg, Virginia, USA 

I will discuss recent progress in developing a framework for electronic structure calculations 
in correlated systems using auxiliary fields. The framework provides a natural extension for 
traditional independent-electron methods to better treat electron correlations. It casts the 
many-body problem, via an exact mapping, as a linear combination of mean-field solutions 
in external auxiliary fields. The wave function is then obtained by stochastic sampling of the 
auxiliary field. This results in an accurate many-body solution, consisting of a statistical 
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ensemble of Hartree-Fock or LDA solutions in the presence of fluctuating external fields. 
Recent progress includes the treatment of solids with downfolded Hamiltonians [1], the use 
of frozen orbitals to eliminate pseudopotentials and to extend system sizes [2], method for 
excited states and many-body band structure [3], study of magnetic orders, and the treatment 
of spin-orbit coupling.

Work supported by US DOE, NSF, and Simons Foundation.
[1] F. Ma et. al., Phys. Rev. Lett. (2015), arXiv:1412.0322.
[2] Y. Virgus et. al., Phys. Rev. Lett. 113, 175502 (2014).
[3] F. Ma et. al., New J. Phys. 15, 093017 (2013).

Wednesday 16:15 h, Chamber Hall, Contributed S10 C7

Characterizing Physical Errors in DFT for Ring Opening 
Isomerizations using Quantum Monte Carlo Calculations

Kayahan Saritas1, Jeffrey C. Grossman1

1) Massachusetts Institute of Technology 

Many important biological and synthetic molecules undergo ring opening isomerizations 
where one carbon sigma bond breaks and another carbon-carbon sigma bond on the 
conjugated backbone transforms to double bond. As explained in the seminal work by 
Woodward and Hoffman[1], mechanism of these reactions is simply based on the symmetry 
of molecular orbitals. However, relative stability of the isomers strongly depends on the 
inductive or resonance nature of the substituents, neighboring the bond breaking carbons. 
Upon the isomerization, bond breaking carbons transform from sp3 to sp2 hybridization, 
thus charge transfer from the neighboring substituents to the conjugated backbone change 
drastically. We found that some of commonly used local, semi-local and hybrid Density 
Functional Theory (DFT) functionals are unable to predict the correct trends in correlation 
energy with respect to the varying inductive and resonance effects of those substituents, 
irrespective of the geometry and charge density generated. Benchmarking with quantum 
Monte Carlo simulations, we demonstrate the correct exchange and correlation energy 
behavior under varying substituents and provide physical reasoning for the failure of such 
DFT functionals. 
[1] Woodward, R.B., Hoffmann, R. ACIEE, 1969, 8, 781

Wednesday 16:30 h, Chamber Hall, Invited S10 I8 

Recent developments in FCIQMC

Ali Alavi1

1) Department of Chemistry, University of Cambridge. 

We review recent advances in FCIQMC methodology, which performs a stochastic integration 
of the many-electron Schrodinger equation in configuration (Slater determinant) space.

These include a much more efficient method to select excitations, and a replica-sampling 
method for computing unbiased 2-particle reduced density matrices. From the latter we are 
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able to compute exact properties of operators that do not commute with the Hamiltonian, 
such as nuclear gradients and electric moments. The method also enables us to perform 
large-scale CASSCF calculations, which opens the route to the treatment of large molecules.

Finally, time permitting, we will show how the methodology can be extended to the 
calculation of low-lyings excited states of the same symmetry as the ground state.
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Symp. 11: Upscaling Electronic Structure: Reduced-Scaling 
and Multi-Scale Methods

Organized by Peter Haynes, Volker Blum, Stefan Goedecker, 
Javier Junquera, Karsten Reuter, Jorg Neugebauer, 

Matthias Scheffler, Mike Finnis):
Wednesday 10:00–17:15 h, Room 1+2+3

Wednesday 10:00 h, Room 1+2+3, Invited S11 I1

Fast algorithms for Kohn-Sham density functional theory

Lin Lin1

1) University of California, Berkeley and Lawrence Berkeley National Laboratory 

Kohn-Sham density functional theory (KSDFT) is the most widely used electronic structure 
theory for molecules and condensed matter systems. For a system with N electrons, the 
standard method for solving KSDFT requires solving N eigenvectors for an O(N) * O(N) 
Kohn-Sham Hamiltonian matrix. The computational cost for such procedure is expensive 
and scales as O(N^3), and limits routine KSDFT calculations to hundreds of atoms. In recent 
years, we have developed an alternative procedure called the pole expansion and selected 
inversion (PEXSI) method. The PEXSI method solves KSDFT without solving any eigenvalue 
and eigenvector, and directly evaluates physical quantities including electron density, energy, 
atomic force, density of states, and local density of states. The overall algorithm scales as at 
most O(N^2) for all materials including insulators, semiconductors and the difficult metallic 
systems. The PEXSI method can be efficiently parallelized over 10,000 - 100,000 processors 
on high performance machines. The PEXSI library is publicly available (http://www.pexsi.
org) and has been integrated into electronic structure software packages such as SIESTA 
and CP2K for ab initio materials simulation over 20,000 atoms. Recently we have been able 
to use PEXSI to study electronic structure of large scale graphene nanoflakes and 
phosphorene nanoribbons to more than 10,000 atoms.



Ψk-2015

124 Abstracts of  Inv i ted and Contr ibuted Talks

Wednesday 10:30 h, Room 1+2+3, Contributed S11 C1

Excited state calculations and theoretical spectroscopy of 
complex nanomaterials using Linear-Scaling Density Functional 
Theory

Nicholas Hine1,2, Tim Zuehlsdorff2,3, Jian-Hao Li2, Laura Ratcliff3, Edward Tait2, David 
Turban2, Daniel Cole2,4, Alex Chin2, Mike Payne2, Peter Haynes3

1) Department of Physics, University of Warwick, Coventry, United Kingdom 
2) TCM Group, Cavendish Laboratory, University of Cambridge, United Kingdom 
3) Department of Physics and Department of Materials, Imperial College London, United Kingdom 
4) Department of Chemistry, Yale University, New Haven, Connecticut, United States 

Linear-scaling approaches to density functional theory, particularly those employing efficient 
local orbital representations of the density matrix, have made great progress in the last two 
decades towards addressing the challenge of predicting ground state properties of large and 
complex systems. They have not, however, been routinely used for excited state properties, 
often because of the difficulty of representing unoccupied Kohn-Sham states using strictly 
localised orbitals. Recent work on in-situ optimisation of Nonorthogonal Generalised Wannier 
Functions (NGWFs) to accurately represent unoccupied states in large systems [1] has 
made it possible to implement Linear-Response Time Dependent DFT methods (LR-TDDFT) 
[2] to study excitations. We have applied these methods to a variety of complex systems: 
pigment-protein systems including the Fenna-Matthew-Olson Complex [3]; simulated EEL 
spectra of defects in oxides; understanding the hierarchy of excited states in disordered 
molecular crystals; and tracing potential energy surfaces of photoexcited reactions [4].

[1] L.E. Ratcliff et al, Phys Rev B84 165131 (2011).
[2] T.J. Zuehlsdorff et al, J. Chem. Phys139, 064104 (2013).
[3] D.J. Cole et al, J. Phys. Chem. Lett. 4, 4206 (2013).
[4] J.-H. Li et al, Phys Chem Chem Phys 17, 12065 (2015).
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Wednesday 10:45 h, Room 1+2+3, Invited S11 I2

The flexibility of Daubechies wavelets for Linear Scaling DFT 
calculations

Luigi Genovese1, Stephan Mohr1, Laura Ratcliff2, Damien Caliste1, Thierry Deutsch1, 
Stefan Goedecker3

1) L_Sim, Univ. Grenoble Alpes, CEA, INAC-SP2M F- 38000 Grenoble, FRANCE 
2) Argonne Leadership Computing Facility, Argonne National Laboratory, Illinois 60439 USA 
3) Institur für Physik, Universität Basel, Kinglebergstr. 82, 4056 Basel, Switzerland 

In recent works, we presented the linear scaling version of the BigDFT code [1] based on 
Daubechies wavelets, where a minimal set of localized support functions is optimized in situ.

Our linear scaling approach is able to generate support functions for systems in various 
boundary conditions, like isolated, surface and periodic [2], and it is based on a algorithm 
which is universally applicable, requiring only moderate amount of computing resources. 
After a brief introduction on the main aspects of the code, in this presentation we will present 
how the flexibility of this approach is helpful in providing a basis set that is optimally tuned to 
the chemical environment surrounding each atom. In addition than providing a basis useful 
to project Kohn-Sham orbitals informations like atomic charges and partial density of states, 
it can also be reused as-is, i.e. without reoptimization, for charge-constrained DFT calculations 
within a fragment approach [3].

We demonstrate the interest of this approach to express highly precise and efficient 
calculations for preparing diabatic states and for the computational setup of systems in 
complex environments [4].

[1] J. Chem. Phys. 140, 204110 (2014)
[2] Phys. Chem. Chem. Phys., 2015, DOI: 10.1039/C5CP00437C 
[3] arxiv:1501.0588, J. Chem. Phys, submitted
[4] J.Chem. Theory Comput. 2015, 11, 2077
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Wednesday 11:15 h, Room 1+2+3, Contributed S11 C2

A systematically improvable second-principles method including 
electron and lattice degrees of freedom

Pablo Garcia-Fernandez1, Jacek Wojdel2, Jorge Iñiguez3, Javier Junquera1

1) Departamento de Ciencias de la Tierra y Física de la Materia Condensada, Universidad de 
Cantabria, Cantabria Campus Internacional, Avenida de los Castros s/n, 39005 Santander, 
Spain 

2) Institut de Ciència de Materials de Barcelona (ICMAB-CSIC), Campus UAB, E-08193 Bellaterra, 
Spain 

3) Materials Research and Technology Department, Luxembourg Institute of Science and 
Technology, 5 Avenue des Hauts-Fourneaux, L-4362 Esch/Alzette, Luxembourg 

One of the most difficult tasks when trying to expand Density Functional Theory (DFT) 
calculations to large systems is the scaling of computational time with the number of electrons 
in the simulation box.

However, not all electrons play a relevant role in the determination of the physical 
magnitudes under scrutiny and this property can be used to produce a significant speed-up 
in the calculations. In this work we present a systematically improvable approximation to 
DFT based on a rigorous separation of these active electrons and holes from those of a 
reference electron density. Using a similar expansion to that found in Tight-binding DFT 
methods we obtain a large term containing the energy of the reference system, and a second, 
much smaller one, associated to the active part of the electron density. By employing a well-
tested model Hamiltonian to reproduce the energy surface associated to the reference 
system and representing the active electrons with a small but accurate Wannier function 
basis-set we obtain an efficient simulation method that can be used to calculate systems 
with tens of thousands of atoms with approximations that are systematically improvable 
towards DFT-quality. We provide several examples of its application in the field of transition-
metal oxides like the simulation of LaAlO3/SrTiO3 interfaces and magnetism in NiO.
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Wednesday 11:30 h, Room 1+2+3, Invited S11 I3

An implementation of dynamical mean field theory for  
nano-structures and molecules

Cedric Weber1

1) King’s College London 

Phenomena that are connected to quantum mechanics, such as magnetism, transport, and 
the effect of impurity atoms and disorder, and their relation to material design and energy 
needs are important for almost every branch of the industry. 

Density functional theory (DFT) was successful at making accurate predictions for many 
materials, in particular compounds which have a metallic behaviour. DFT combines high 
accuracy and moderate computational cost, but the computational effort of performing 
calculations with conventional DFT approaches is still non negligible and scales with the 
cube of the number of atoms. 

A recent optimised implementation of DFT was however shown to scale linearly with the 
number of atoms (ONETEP), and opened the route to large scale DFT calculations for 
molecules and nano-structures.

Nonetheless, one bottleneck of DFT and ONETEP, is that it fails at describing well some 
of the compounds where strong correlations are present, in particular because the 
computational scheme has to capture both the band-like character of the uncorrelated part 
of the compound and the Mott-like features emerging from the local strongly correlated 
centres. A recent progress has been made in this direction by the dynamical mean-field 
theory (DMFT), that allows to describe the two limits (metal and insulator) in a remarkable 
precise way when combined with DFT.

The ONETEP+DMFT implementation and strategies to overcome the main bottlenecks of 
this type of calculations will be discussed, and its applications illustrated by a few case of 
studies. 
References: 
PRL 108, 256402 ‘ 12
PRL 110, 106402 \’ 13
PNAS 111, 5790\’14

Wednesday 12:00 h, Room 1+2+3, Contributed S11 C3

A new method for calculating one-electron energy spectrum of a 
large system based on a first-principles divide-and-conquer 
method

Shunsuke Yamada1, Ryosuke Akashi1, Shinji Tsuneyuki1,2

1) The University of Tokyo, Department of Physics, Tokyo, Japan 
2) Institute for Solid State Physics, The University of Tokyo, Japan 

Most of linearly scaling methods for ab initio electronic structure calculation cannot yield the 
one-electron energy spectrum directly and require time-consuming construction and 
diagonalization of the Hamiltonian matrix of the whole system for that purpose. One of the 

http://www.pexsi.org
http://www.pexsi.org
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exceptions is the Linear Combination of Molecular Orbital method for the Fragment Molecular 
Orbital method (FMO-LCMO) [1], though it is only applicable to covalent-bonding molecules. 
Here we propose a new method for calculating the spectrum and orbitals of a large system 
based on Linearly Scaling 3-Dimensional Fragment (LS3DF) method [2], an accurate and 
versatile divide-and-conquer method. In LS3DF, the large system is divided into small 
fragments. We construct the one-electron Hamiltonian matrix of the whole system by a 
simple operation of the fragment orbitals and their energies already stored in the LS3DF 
calculation. The orbital of the whole system is then represented by a linear combination of 
the fragment orbitals. As a consequence, this new method yields fast and accurate description 
of the energy spectrum and orbitals of general huge systems with low computational cost. 
[1] S.Tsuneyuki, et al, Chem. Phys. Lett. 476 (2009).
[2] L-W.Wang, et al, Phys. Rev. B 77, 165113 (2008).

Wednesday 12:15 h, Room 1+2+3, Contributed S11 C4

Multi-scale theory and simulation of the conductivity of carbon 
nanotube networks

Arash Mostofi1, Rob Bell2, Mike Payne2

1) Imperial College London 
2) University of Cambridge 

Carbon nanotubes (CNTs) have remarkable properties. Retaining these properties in 
macroscopic CNT networks for use in devices is a significant challenge. As no single tube 
spans the device, electrons must travel both along individual CNTs and between CNTs to 
contribute to the conductivity. I will present two related studies that employ a combination of 
analytic theory, tight-binding, and large-scale DFT calculations[1]:

1. Charge transfer from water to CNTs has been proposed in the literature as a possible 
explanation of contradictory experiments on the effect of water vapour on the conductivity of 
CNT networks. I will show instead that the predominant effect of water is a long-ranged 
electrostatic induction. Water, therefore, has only a very weak effect on the conductivity of 
individual CNTs[2].

2. Conductivity between CNTs of different chirality is suppressed due to the requirement 
of momentum conservation. I will show that this can be overcome by providing a weak 
perturbation to the system, resulting in order of magnitude increases of conductivity[3]. I will 
present large-scale simulations of practical realizations of such perturbations and discuss 
their experimental relevance.
[1] www.onetep.org
[2] JCP 141, 164703 (2014)
[3] PRB 89, 245426 (2014)
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Wednesday 14:15 h, Room 1+2+3, Invited S11 I4

The QM/MM embedded cluster approach: exploiting locality 
effectively

Daniel Berger1

1) University of California, Los Angeles, Department of Mathematics 

Nanostructured oxide surfaces are promising candidates for a wide range of energy and 
catalysis applications.

For first-principles modeling of corresponding surface chemical reactions the current 
state-of-the-art is generally defined by hybrid-level density-functional theory (DFT). 
Systematic work assessing the achieved accuracy at this level is nevertheless scarce, also 
owing to the fact that higher-level reference methods are often not available for standard 
periodic boundary condition supercell calculations.

Here, we will present the QM/MM embedded cluster approach [1,2], in which the 
nanostructure and immediate oxide surrounding is described quantum mechanically, the 
long-range electrostatic interactions with the support are accounted for through a polarizable 
force field, and a shell of norm-conserving pseudopotentials correctly connects the two 
regions.

Exploitation of the localized character of the chemical processes yields a numerically 
most efficient approach, ultimately upscaling quantum chemical wavefunction methods to 
solid state applicability. We will illustrate the accuracy and efficiency of this approach with 
examples from the surface chemistry context, and demonstrate full charge flexibility by 
addressing charged defects in TiO2.

[1] N. Bernstein et al., Rep. Prog. Phys., 72, 026501 (2009)
[2] D. Berger et al., J. Chem. Phys., 141, 024105 (2014)
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Wednesday 14:45 h, Room 1+2+3, Invited S11 C5

“Hot” adatoms hopping: Phononic dissipation & equilibration 
dynamics from first-principles

Vanessa Jane Bukas1, Karsten Reuter1

1) Lehrstuhl fur Theoretische Chemie, Technische Universitaet Muenchen 

Exothermic surface chemical reactions may easily release several electron volts of energy. 
This challenges first-principles based dynamical simulations to account for adequate energy 
dissipation channels. Focusing on phononic dissipation, a novel embedding scheme for 
metallic substrates allows for energy to be dissipated out of a quantum-mechanically 
described reaction zone and into a computationally undemanding, yet reliably described, 
extended bath [1]. In the application to oxygen dissociation over Pd(100) this predicts “hot” 
dissociation fragments traveling ballistically over several lattice constants as a consequence 
of non-immediate energy transfer to the metal surface. This raises fundamental questions 
when considering the short-range transient mobility measured experimentally for the similarly 
exothermic O2/Pd(111) reaction [2]. Here, we elucidate phononic dissipation within the (111) 
as compared to the (100) surface and explain the small net displacement by revealing 
randomized trajectories of hyperthermal hops between neighboring hollow sites due to 
scattering by the strongly corrugated chemisorption potential. We therefore invalidate the 
simplistic physical picture implying a minimal number of hops for small adatom separations 
and anticipate further paradigm shifts required to accommodate such “hot chemistry”, for 
example, in our current understanding of heterogeneous catalysis.

[1] J. Meyer and K. Reuter, Angew. Chem. Int. Ed., 53, 4721 (2014)
[2] M.K. Rose et al., Surf. Sci., 561, 69 (2004)

Wednesday 15:00 h, Room 1+2+3, Invited S11 I5

First-Principles Kinetic Monte Carlo for Surface Catalysis:  
From Exploratory Tool to Commodity

Karsten Reuter1

1) Chair for Theoretical Chemistry and Catalysis Research Center, Technische Universität 
München, Germany 

First-principles based microkinetic modeling has evolved into a widely used approach in 
catalysis research. It combines the predictive-quality description of individual elementary 
processes with an account of their mesoscopic statistical interplay to yield measurable 
observables like catalytic activity or surface composition. Replacing mean-field rate equation 
based modeling, first-principles kinetic Monte Carlo (1p-kMC) thereby fully resolves the 
spatial distributions, correlations and fluctuations of the surface adlayer. In my talk I will 
illustrate current capabilities and frontiers of this approach, focusing among others on the 
hierarchical integration of 1p-kMC into continuum-level fluid dynamical simulations to 
account for heat and mass transfer effects in a macroscopic reactor, or on extensions to 
multi-lattice 1p-kMC to capture surface morphological transformations.



Ψk-2015

 Abstracts of  Inv i ted and Contr ibuted Talks 131

Wednesday 15:30 h, Room 1+2+3, Contributed S11 C6

A multi-scale protocol for simulating the optical properties of 
natural dyes in solution

Marco Micciarelli1, Marta Rosa1, Iurii Timrov1, Alessandro Laio1, Stefano Baroni1

1) SISSA − Scuola Internazionale Superiore di Studi Avanzati, I-34136 Trieste, Italy 

The UV-vis optical properties of molecular solutions result from a complex interplay between 
conformational isomerism, thermal fluctuations, and the intrinsic optical responsivity of the 
solvated molecules, all of these factors being strongly influenced by the interactions between 
the solute and the solvent. We propose a multi-scale approach to cope with this problem and 
apply it to the paradigmatic case of cyanin, a natural dye whose derivatives are receiving 
great attention in the food and pharmaceutical industries.

In our method the most relevant molecular conformers are first identified by a combination 
of large-scale MD simulations and a recently proposed clustering algorithm. The free 
energies thus obtained are refined perturbatively by sampling the DFT energies within each 
conformer using a QM/MM approach, and the corresponding populations modified 
accordingly. The optical activity within each conformer is determined as the time average of 
the spectra computed on the fly over ab-initio MD trajectories, using a newly developed 
effective-medium approach to TDDFT. In order to enhance the statistics, we have developed 
a “learn-on-the-fly” technique that allows us to repeatedly compute spectra of TDDFT quality 
at a nearly independent-electron cost. The overall spectrum of the solution is finally evaluated 
by averaging the contributions from individual conformers, weighted with their relative 
populations.

Wednesday 15:45 h, Room 1+2+3, Contributed S11 C7

Second-principles atomic potentials for finite temperature 
simulations: application to SrRuO3 electrode material.

Jordan Bieder1, Naihua Miao1, Nicholas Bristowe1,2, Carlos Escorihuela-Sayalero3, 
Jorge Iñiguez3,4, Philippe Ghosez1

1) Theoretical Materials Physics, Université de Liège, Allée du Six Août 17, B-4000 Sart Tilman, 
Belgium 

2) 2 Department of Materials, Imperial College London, London SW7 2AZ, UK 
3) Institut de Ciencia de Materials de Barcelona (ICMAB-CSIC), Campus UAB, 08193 Bellaterra, 

Spain 
4) Luxembourg Institute of Science and Technology, L-4362 Esch-sur-Alzette, Luxembourg 

SrRuO3 (SRO) is a ferromagnetic metal that has fascinated researchers for many years due 
to its surprising itinerant ferromagnetism, unusual transport properties, and the degree and 
consequences of correlation. Because of its perovskite structure, it is also widely used as 
gate electrode material in ferroelectric heterostructures.

Here, we report an atomistic study of the structural and dynamical properties of SRO at 
finite temperature based on second-principles atomic potentials [1] directly fitted on first-
principles data [2].
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These second-principles atomic potentials are a generalization of the popular “model 
Hamiltonian” approach developed by Zhong, Vanderbilt and Rabe [3].

We present the construction of such a model for SRO with first results including structural 
properties, structural phase transitions, phonon dispersion and thermal conductivity. Our 
results are compared and validated against first-principles molecular dynamics.

This multi-scale approach paves the way for more systematic studies of capacitors and 
sensors at operating conditions.

Work supported by the ARC project “TheMoTherm” and F.R.S-FNRS project “HiT4FiT”.
[1] J. C. Wojdel et al. JPCM 25, 305401 (2013).
[2] N. Miao et al JPCM 26, 035401 (2014).
[3] W. Zhong et al. PRL 73, 1861 (1994).

Wednesday 16:00 h, Room 1+2+3, Invited S11 I6

Automating diffusivity calculations for interstitial and solute 
diffusion from first-principles

Dallas Trinkle1

1) Univ. Illinois, Urbana-Champaign 

Mass transport controls crucial materials processing, such as segregation and precipitation, 
and properties, such as ionic conductivity, in a wide variety of materials. First-principles 
methods can determine the activated state energies at the atomic level involved in mass-
transport such as vacancies moving in a crystal. Upscaling from activation barriers to 
mesoscale mobilities requires the solution of the master equation for diffusivity. For all but 
the simplest cases of interstitial diffusivity, and particular approximations with vacancy-
mediated diffusion on simple lattices, calculating diffusivity directly is a challenge. This 
leaves two choices: uncontrolled approximations to map the problem onto a simpler (solved) 
problem, or a stochastic method like kinetic Monte Carlo, which can be difficult to converge 
for cases of strong correlations. Moreover, without analytic or semi-analytic solutions, 
evaluating derivatives of transport coefficients is also difficult. We describe and demonstrate 
the development of direct and automated Green\’s function solutions for transport that take 
full advantage of crystal symmetry. We apply this to a variety of problems, from interstitial 
diffusivity of light elements in magnesium—including the elastodiffusion tensor and activation 
volume tensor—to vacancy mediated diffusion of Si in Ni, all of which include correlation 
effects on transport. The underlying automation also makes the extension of first-principles 
transport databases significantly more practical and reduce uncontrolled approximations
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Wednesday 16:30 h, Room 1+2+3, Contributed S11 C8

Multiscale approach to treating random alloy effects in III-N 
nanostructures

Eoin O’Reilly1, Miguel Caro2, Stefan Schulz1

1) Tyndall National Institute, Lee Maltings, Cork, Ireland 
2) Department of Electrical Engineering and Automation, Aalto Univ, Espoo, Finland 

The importance of nitride-based materials was recognized with the award of the 2014 Nobel 
Prize “for the invention of efficient blue LEDs”. Surprisingly, there remain many challenges: 
not just to further enhance the efficiency of blue LEDs but also to develop LEDs that emit 
efficiently across a wider spectral range. However, electronic properties of III-N 
hetereostructures are dominated by large internal built-in polarization fields, as well as by 
the impact of random alloy effects. A multiscale approach is required to describe key details 
of the electronic structure of III-N materials, and its consequences for devices. In a first step, 
we have performed hybrid functional DFT calculations to extract key material parameters, 
such as piezoelectric polarization coefficients using the Berry-Phase technique. Secondly, 
we have developed a local polarization theory, showing excellent agreement with Berry-
Phase results. Thirdly, a tight-binding model has been developed, by fitting and benchmarking 
against DFT data. This model can now treat 105 atoms, allowing for an accurate description 
of random alloy effects. We overview the developed models and provide critical insight into 
the nanoscale electronic properties of such alloys. We provide also key parameters required 
for continuum-based device models.
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Wednesday 16:45 h, Room 1+2+3, Invited S11 I7

X-Mechanics for Flow and Ductility in Metal Alloys

William Arthur Curtin1

1) Ecole Polytechnique Federale de Lausanne EPFL-STI-IGM-LAMMM, Station 9, 1015 Lausanne, 
Switzerland 

X-Mechanics (X=Quantum, Atomistic, Statistical, Mesoscale, Continuum, Multiscale) is the 
toolbox through which computational materials science can achieve quantitative and 
predictive results to guide material design. Ab initio electronic structure methods (X=Quantum) 
provide the chemical and mechanical energies of nanoscale defects in metals and are thus 
essential for predictive modeling. However, for key problems associated with mechanical 
properties of metals, two major barriers exist beyond any issues with the accuracy of the 
chosen ab initio method. First, defects such as dislocations and cracks have long-range 
strain fields in non-periodic geometries; this necessitates the development of X=Multiscale 
methods. We describe two complementary multiscale approaches to the coupling of a DFT 
domain to a surrounding atomistic or continuum domain, and present a range of results from 
such studies [1,2,3]. Second, defect energies alone do not lead to mechanical properties. 
The development of accurate theoretical models using X = Atomistic-, Meso- and/or 
Continuum-mechanics are essential to incorporate larger-scale, longer-time, and/or collective 
phenomena that are beyond the scope of modern ad initio methods. Several achievements 
in the application of X-Mechanics by our group include predictive models for (i) solute 
strengthening in metal alloys; (ii) dynamic strain aging and ductility loss in Al alloys; (iii) 
hydrogen embrittlement in metals; (iv) controlled aging kinetics in Al alloys; and (v) hardening 
by dislocation core transformations in Mg. In this talk, we will present one or two of these 
efforts to demonstrate what can be accomplished by using the entire X-Mechanics toolbox 
of methods and concepts, starting with the essential X=Quantum level for fundamental 
energetics and chemistry.



Ψk-2015

 Abstracts of  Inv i ted and Contr ibuted Talks 135

Symp. 12: Spin-Orbit Coupling Effects in First-Principles 
Quantum Transport

Organized by Ingrid Mertig, Paul Kelly, David Vanderbilt
Tuesday 10:30–17:30 h, Room 10

Tuesday 10:30 h, Room 10, Invited S12 I1

Transverse transport properties and spin-orbit torques from first 
principles

Frank Freimuth1

1) Forschungszentum Juelich GmbH 

The spin Hall effect (SHE) converts longitudinal charge currents into transverse spin currents. 
SHE is due to spin-orbit interaction and exists even in paramagnets. In magnets, SHE is 
accompanied by transverse charge currents, the anomalous Hall effect (AHE). The discovery 
that SHE and AHE are governed by Berry curvature physics has contributed enourmously to 
their understanding and paved the way for first principles calculations of these transverse 
transport phenomena and their thermal analogues.

SHE is at the heart of several recent developments in spintronics, where the transverse 
spin current from the SHE is exploited to generate torques on the magnetization in 
paramagnet/ferromagnet bilayers, which serve to switch magnetization, or to induce and 
modify magnetization dynamics. The structural inversion asymmetry in magnetic bilayers 
gives rise to the Rashba and Edelstein effects, which provide a second mechanism to induce 
spin-orbit torques (SOTs).

Similar to electromagnetic induction, the inverse SOT is the generation of voltages by 
magnetization dynamics in materials with broken inversion symmetry and allows to monitor 
light-induced magnetization dynamics via terahertz radiation.

We given an introduction and overview on these spin-orbit driven transport and torque 
effects and their calculation within density-functional theory.

Tuesday 11:00 h, Room 10, contributed S12 C1

Anomalous Hall effect and current spin polarization in Co-based 
Heusler compounds

Guang-Yu Guo1, Jen-Chuan Tung2, Hung-Lung Huang1

1) Department of Physics, National Taiwan University, Taipei 10617, Taiwan 
2) Center for General Education, China Medical University, Taichung 40402, Taiwan 

Co-based Heusler compounds are ferromagnetic with a high Curie temperature and a large 
magnetization density, and thus are promising for spintronic applications. We have recently 
performed systematic ab initio studies of two principal spin-related phenomena, namely, 
anomalous Hall effect and current spin polarization, in Co2-based Heusler compounds Co2XZ 
(X = Cr, Mn and Fe; Z = Al, Ga, In, Si, Ge, Sn) in the cubic L21 structure within the density 
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functional theory with the generalized gradient approximation [1,2]. In this presentation, we 
will report the interesting findings of these investigations. In particular, we predicted that the 
charge Hall current in most of the Co-based full Heusler compounds would be almost fully 
spin polarized even though many of them do not have a half metallic band structure, 
suggesting that these Co-based Heusler compounds may be called anomalous Hall half-
metals and could have valuable applications in spintronics. These interesting findings will be 
discussed in terms of the calculated electronic band structures, magnetic moments and also 
anomalous and spin Hall conductivities as a function of the Fermi level.
[1] J. C. Tung and G. Y. Guo, New J. Phys. 15, 033014 (2013).
[2] H.-L. Huang, J.-C. Tung and G. Y. Guo, Phys. Rev. B 91, 134409 (2015).

Tuesday 11:15 h, Room 10, Contributed S12 C2

Organic-Ferromagnetic Spin-Valve Effect

Nicolae Atodiresei1, Vasile Caciuc1, Stefan Blügel1

1) Peter Grünberg Institut and Institute for Advanced Simulation, Forschungszentrum Jülich and 
JARA, D-52425 Jülich, Germany 

Organic materials adsorbed on ferromagnetic surfaces offer the possibility to merge the 
concepts of molecular electronics with spintronics in order to build future nanoscale data 
storage, sensing and computing multifunctional devices. Therefore, the ability to reliably 
describe the electronic properties of carbon-based materials adsorbed on magnetic surfaces 
is essential to understand and assist the engineering of functionalities in hybrid organic 
spintronic devices. Based on the density functional theory, we performed theoretical studies 
[1-5] to understand how to tailor the magnetic properties of hybrid organic-ferromagnetic 
interfaces by adsorbing organic materials containing π-electrons onto several magnetic 
substrates. For such hybrid systems, the magnetic properties like molecular magnetic 
moments and their spatial orientation, spin-polarization and the magnetic exchange coupling 
can be specifically tuned by an appropriate choice of the organic material.

*Email: n.atodiresei@fz-juelich.de
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[1] N. Atodiresei et al., MRS Bulletin 39, 596 (2014).
[2] J. Brede et al., Nat. Nanotech. 9, 1018 (2014).
[3] K. V. Raman et al., Nature 493, 509 (2013).
[4] N. Atodiresei et al., Phys. Rev. Lett. 105, 066601 (2010).
[5] N. Atodiresei et al., Phys. Rev. Lett. 105, 047204 (2010).

Tuesday 11:30 h, Room 10, Invited S12 I2

Spin and Charge Hall effects as a tool for the characterisation  
of Complex Materials

Martin Gradhand1

1) University of Bristol 

The Hall type effects, spin (SHE) and anomalous Hall effect (AHE), have been under 
intensive research over the past decade. Despite the huge experimental and theoretical 
work, differences between the predicted and observed values in the Hall conductivities 
remain obvious. A major challenge in the theoretical description is the finite size of 
experimental setups including interfaces. Nevertheless, the gained understanding of the 
microscopic mechanisms allows us to use the Hall effects as a probe to uncover properties 
of complex materials.

In my talk I will discuss our results on the AHE [1] and SHE as well as the thermoelectric 
analogues the spin Nernst (SNE) [2] and anomalous Nernst effect (ANE) in thin films and 
ternary alloys. [3, 4] I will present results on complex and unconventional materials where 
the Hall effects are used as probes of the underlying structure. This will include the time 
reversal symmetry breaking in unconventional superconductors as well as the chiral 
symmetry breaking induced by charge density waves. [5, 6]

[1] B. Zimmermann, et al., PRB 90, 220403(R) (2014)
[2] K. Tauber, et al., PRB 87, 161114(R), (2013)
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[3] C. Herschbach, et al., PRB 90, 180406(R) (2014)
[4] K. Tauber, et al. PRB 91, 220404(R), (2015)
[5] M. Gradhand, et al., PRB 91, 060512(R), (2015)
[6] M. Gradhand and J. vanWezel, ArXiv:1502.06789, (2015)

Tuesday 12:00 h, Room 10, Contributed S12 C3

Nonequilibrium spin density in current-carrying topological 
insulator thin film

Po-Hao Chang1, Branislav k. Nikolic1, Troels Markussen2, Søren Smidstrup2, Kurt 
Stokbro2

1) Department of Physics and Astronomy, University of Delaware, Newark, DE 19716-2570, USA 
2) QuantumWise A/S, Fruebjergvej 3, DK-2100 Copenhagen, Denmark 

We study microscopic details, over <1 length=”” scale=”” of=”” nonequilibrium=”” spin=”” 
density=”” s=”” r=”” driven=”” br=””>by unpolarized charge current injection into a ballistic 
thin film of Bi2Se3 as prototypical topological insulator (TI) material. We find complex 
nonequilibrium spin texture both on the surfaces of TI and within ~2 nm thick layer near the 
surfaces because of penetration of evanescent wavefunctions from the metallic surfaces 
into the bulk. Upon averaging spin texture over few Å, we find large nonzero component of 
S(r) in the direction transverse to current

flow, as well as an order of magnitude smaller out of plane component when momentum 
of incoming electrons is parallel to the direction of largest hexagonal warping of the Dirac-
cone dispersion on the TI surface. Our analysis is based on an extension of the nonequilibrium 
Green function combined with density functional theory (NEGF+DFT) formalism to situations 
involving noncollinear spins and spin-orbit coupling. We also demonstrate how DFT 
calculations with properly optimized local orbital basis set can precisely match putatively 
more accurate calculations with plane-wave basis set for the supercell of Bi2Se3.
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Tuesday 12:15 h, Room 10, Contributed S12 C4

Spin-Orbit Torque in Antiferromagnets

Jakub Železný1,2, Huawei Gao3, Karel Výborný1, Jan Zemen4, Jan Mašek1, Aurelien 
Manchon5, Jöerg Wunderlich1,6, Jairo Sinova7, Tomáš Jungwirth1,8

1) Institute of Physics ASCR,v.v.i. 
2) Faculty of Mathematics and Physics, Charles University in Prague 
3) Department of Physics, Texas A&M University 
4) Department of Physics, Blackett Laboratory, Imperial College London 
5) Physical Science and Engineering Division, King Abdullah University of Science and Technology 

(KAUST) 
6) Hitachi Cambridge Laboratory 
7) Institut für Physik, Johannes Gutenberg Universität Mainz 
8) School of Physics and Astronomy, University of Nottingham 

Antiferromagnets are common in nature and just like ferromagnets posses a long-range 
magnetic order. They have found little practical application so far, but were recently proposed 
as possible future materials for spintronics. They have some advantages over ferromagnets, 
in particular ultrafast magnetization dynamics and wide range of materials avaiable, including 
many semiconductors. One of the key problems for application of antiferromagnets in 
spintronics remains manipulation of the spin-axis. While several methods exist, there is no 
practical, electrical method available. Here, we present calculations which show that due to 
relativistic effects, electrical current can trigger ultrafast switching in bulk antiferromagnets. 
The effect is analogous to the spin-orbit torque in ferromagnets. The switching is possible 
because the current creates a field opposite on the two magnetic sublattices. We discuss the 
symmetry of the torques, especially the neccessary conditions for their existence. Electrical 
switching of antiferromagnet using this method was recently observed experimentally.

Tuesday 15:00 h, Room 10, Invited S12 I3

Orbital Magnetism and Landau Levels

Qian Niu1

1) University of Texas at Austin 

A semiclassical theory of electron dynamics is derived which is accurate to second order in 
the magnetic field. We show how various geometric effects exhibit in the magnetic 
succeptibility as well as in the orbital magnetization.

We also obtain a simple relation between the Landau level index and the magnetic 
response functions. One can thus obtain accurate Landau levels from first principles 
calculations, or measure the magnetic response functions from Landau level data.
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Tuesday 15:30 h, Room 10, Invited S12 I4

Electronic and spin transport within the Kubo Formalism - a 
relativistic Green function KKR approach

Diemo Ködderitzsch1, Kristina Chadova1, Sebastian Wimmer1, Jan Minar1,2, Hubert 
Ebert1

1) Ludwig-Maximilians-Universität, Dept. Chemie, 81377 München, Germany 
2) University of West Bohemia, New Technologies - Research Centre, 306 14 Plzeň, Czech Republic 

Starting from Kubo linear response theory a general approach to describe various transport 
phenomena from first-principles is presented.

We employ a fully relativistic KKR framework in a spin-density functional formulation which 
allows treating the full (spin-) conductivity tensor including its antisymmetric components and 
thereby spin-orbit induced transverse transport phenomena like the spin- and anomalous Hall 
effects. Kubo-Streda and Kubo-Bastin approaches have been implemented with the latter 
treating both, Fermi-sea and Fermi-surface terms on the same footing. Employing the coherent 
potential approximation leads to a description of disordered alloys through the whole 
concentration range. Intrinsic as well as extrinsic contributions are fully accounted for. The role 
of vertex corrections and their importance will be discussed. The inclusion of finite temperatures 
and the extension of the formalism to treat spincaloritronic phenomena is presented. 
Applications to transition-metals and their alloys demonstrate the versatility of the method.
1. Wimmer, Ködderitzsch, Ebert, PRB 89 (R), 161101 (2014)
2. Ködderitzsch, Chadova, Minar, Ebert, New Journal of Physics 15, 053009 (2013)
3. Wimmer, Ködderitzsch, Chadova, Ebert, PRB 88, 201108 (2013)
4. Ködderitzsch, Lowitzer, Staunton and Ebert, phys. stat. sol.(b) 248, 2248 (2011)
5. Ebert, Ködderitzsch, Minar, Rep. Prog. Phys. 74, 096501 (2011)
6. Lowitzer, Gradhand, Ködderitzsch, Fedorov, Mertig, Ebert, PRL 106, 056601 (2011)
7. Lowitzer, Ködderitzsch, Ebert, PRL 105, 266604 (2010)

Tuesday 16:00 h, Room 10, Contributed S12 C5

Transport signatures of strong spin-orbit coupling in  
two-dimensional materials

Valentina Brosco1, Lara Benfatto1, Emmanuele Cappelluti1, Claudio Grimaldi2

1) ISC-CNR and Dipartimento di Fisica, Università di Roma, Dipartimento di Fisica, Università di 
Roma “La Sapienza”, Rome, Italy

2) LPM, Ecole Polytechnique Fédérale de Lausanne, Lausanne, Switzerland 

We discuss the transport properties of two-dimensional materials with Rashba spin-orbit 
coupling and disorder focusing on the unprecedented “ultrastrong” spin-orbit coupling 
regime, where the spin-orbit energy is the largest energy scale in the system. We show that, 
in this regime, the dc conductivity displays significant deviations from Drude transport laws 
and it is affected by spin-orbit coupling in a strongly density dependent way. Along with 
numerical results we present simple but accurate analytical formulae that could be readily 
tested in experiments.
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Beside being relevant for all systems with strong Rashba coupling, our findings may 
provide a powerful tool to assess the strength of spin-orbit coupling in a transport measurement 
and they may shed new light on the deviations from Drude transport laws observed in LaAlO3/
SrTiO3 interfaces [1].
[1] C. Bell et al. Phys. Rev. Lett. 103 226802 (2009); M. Ben Shalom et al. Phys. Rev. Lett. 104 

126802 (2010); J. Biscaras et al. Phys. Rev. Lett. 108 247004 (2012).

Tuesday 16:15 h, Room 10, Invited S12 I5

Relativistic torques in ferromagnets and anti-ferromagnets

Jairo Sinova1

1) Johannes Gutenberg Universität Mainz 

Understanding the origin and properties of the different phases of materials and how to 
control them is at the heart of condensed matter physics and physics in general. One of the 
grand challenges of the field is to control spin-dependent properties without using magnetic 
fields. To do so, one must resort to the relativistic nature of electrons, which arises directly 
from its particle-antiparticle description that gives its spin. In the relatively slow world of 
solids this leads to the spin-orbit coupling (SOC) that connects the spin and charge of the 
electron. We have learned how to exploit the relativistic SOC to create new paradigms of 
spin control in complex materials and discover new unexpected connections between 
seemingly disparate ideas as topology, materials science, high energy physics, 
ferromagnetism, thermoelectricity, and current-induced magnetization manipulation. I will 
broadly describe joint theoretical and experimental efforts on how we now generate and 
manipulate spin-currents that are being used in devices relevant for future MRAM technology. 
I will also show in some detail how insights on the spin Hall effect have yielded novel ways 
to manipulate magnetization using relativistic torques (spin-orbit torques) which can be both 
field-like and anti-damping like, and how to extend these ideas to a new a phase of spintronics 
by exploiting anti-ferromagnetic materials in an active way. 

Caption for figure: Ilustration of current induced spin-orbit device set-up. A current is 
driven through a single epilayer of GaMnAs and the induced torque creates a ferromagnetic 
resonance response.
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Tuesday 16:45 h, Room 10, Contributed S12 C6

Magnetotransport in Disordered Antiferromagnets from First 
Principles

Libor Šmejkal1,2, Karel Carva2, Ilja Turek2,3, Tomáš Jungwirth1,4

1) Institute of Physics, Academy of Sciences of the Czech Republic, CZ-16253 Praha 6, Czech 
Republic 

2) Department of Condensed Matter Physics, Charles University, Faculty of Mathematics and 
Physics, Ke Karlovu 5, CZ-12116 Prague 2, Czech Republic 

3) Institute of Physics of Materials, Academy of Sciences of the Czech Republic, Žižkova 22, CZ-
616 62 Brno, Czech Republic 

4) School of Physics and Astronomy, University of Nottingham, Nottingham NG7 2RD, United 
Kingdom 

The emerging field of antiferromagnetic spintronics offers a new exciting playground for 
predicting and modeling non-equilibrium spin-dependent phenomena.

For instance recent theoretical studies have predicted current induced torques on the 
spin-sublattice magnetizations in Mn2Au [1] and a large anomalous Hall effect (AHE) in the 
noncollinear IrMn3 [2].

However, the presence of more spin sublattices in combination with disorder, and strong 
relativistic effects brings inevitable challenges for the first principles calculations of e.g. 
conductivity or spin-orbit torques. In our presentation we will show several advances in the 
understanding of the transport phenomena in antiferromagnets (AFM). We will focus 
particularly on the anisotropic magnetoresistance (AMR) and AHE. Several materials will be 
discussed., for example we predict a small AMR in Mn2Au and a relatively large AMR in 
IrMn3

The effect of disorder is studied within the fully relativistic TB-LMTO+CPA [3]. From the 
numerical results we infer key material parameters that govern the galvanomagnetic effects 
in AFM and discuss qualitative trends in the dependence of the AMR and AHE on these 
parameters.
[1] Železný et al., PRL, 113, 2014.
[2] Hua Chen et al., PRL 112, 2014.
[3] Turek et al, PRB 86, 2012.

Tuesday 17:00 h, Room 10, Invited S12 I6

Spin transport and relaxation in magnetic heterostructures: the 
effects of spin-orbit interaction, noncollinear magnetization and 
finite temperature

Zhe Yuan1,2, Yi Liu1, Rien Wesselink1, Anton Starikov1, Paul Kelly1

1) University of Twente, The Netherlands 
2) JGU Mainz, Germany 

In this talk, I review a first-principles scattering formulation of quantum transport that has 
been used to study resistivity, spin-flip diffusion, Gilbert damping and spin torque in a wide 
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range of magnetic heterostructures that form the active parts of spintronics devices. By 
simultaneously including spin-orbit coupling (SOC), noncollinear magnetization and 
temperature-induced disorder, I demonstrate how we are able to identify novel properties 
arising from the interplay of these effects [1]. As an example of how the electrical resistance 
of magnetic materials can be drastically modified by SOC and noncollinearity, I show that no 
matter how wide a magnetic domain wall is, its resistance can never reproduce that of the 
corresponding collinear magnetization. The enhancement of Gilbert damping observed in 
thin Ni80Fe20 films in contact with the nonmagnetic metals is quantitatively reproduced 
allowing us to generalize the “spin-pumping” theory to take SOC into account explicitly. One 
conclusion that can be drawn from this is that the interface spin-memory loss needs to be 
included in analysing spin-pumping experiments. Finally, I show that the Gilbert damping 
can be significantly enhanced by noncollinearity; how it is modified depends on the particular 
precession modes. Our calculations allow us to develop a unified spin-pumping picture in 
noncollinear ferromagnets.
[1] Z. Yuan, et al., Phys. Rev. Lett. 109, 267201 (2012); 113, 207202 (2014); 113, 266603 (2014).
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Symp. 13: Magnetic Excitations and Magnetization 
Dynamics

Organized by Ingrid Mertig, Stefan Blugel, Olle Eriksson
Monday 10:00–13:00 h, Room 4+5

Monday 10:00 h, Room 4+5, Invited S13 I1

Ultrafast spin injection in semiconductors

Marco Battiato1, Pablo Maldonado2, Peter M. Oppeneer2, Karsten Held1

1) Institute of Solid State Physics, Vienna University of Technology, Vienna, Austria 
2) Department of Physics and Astronomy, Uppsala University, Uppsala, Sweden 

We predict the possibility of injecting spin from a ferromagnetic metallic layer undergoing 
ultrafast demagnetisation into a semiconducting substrate. After laser excitation, energetic 
carriers can overcome the semiconductor bandgap. However due to the simultaneous 
injection of spin and charge and the superdiffusive nature of the transport, the underlying 
mechanism of the spin injection becomes very complex. In this theoretical work we model 
these dynamics in a Ni/Si sample and we show how within the first hundreds of femtoseconds 
a considerable amount of spin can cross the metal-semiconductor interface. The injected 
spin moment is found to be orders of magnitude larger than what can currently be injected 
in semiconductors by standard steady-state techniques.

If our prediction will be verified experimentally, it could bridge magnetisation dynamics in 
metals and spin transport in semiconductors, the latter being the most important building 
blocks of modern electronics. In the future this could bring ultrafast magnetisation dynamics 
closer to fast spin-transport in semiconductors leading to technologically feasible ultrafast 
spintronics. 

Monday 10:30 h, Room 4+5, Contributed S13 C1

Acoustic magnons in the long-wavelength limit: resolving the 
Goldstone violation in many-body perturbation theory

Mathias C. T. D. Müller1, Christoph Friedrich1, Stefan Blügel1

1) Peter Grünberg Institut and Institute for Advanced Simulation, Forschungszentrum Jülich, 52425 
Jülich, Germany 

Collective spin excitations in magnetic materials can be described as boson quasiparticles. 
These magnons arise from the correlated motion of electron-hole pairs with opposite spins, 
which we calculate from first principles employing the T-matrix formalism in the ladder 
approximation within the FLAPW method [1]. Ferromagnetic materials exhibit a spontaneously 
broken global rotation symmetry in spin space leading to the appearance of acoustic 
magnons (zero gap) in the long-wavelength limit. However, due to approximations used in 
the numerical scheme, the acoustic magnon dispersion exhibits a small but finite gap at k=0. 
We analyze this violation of the Goldstone mode and discuss possible correction schemes. 
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One of the correction schemes, which involves an adjustment of the Kohn-Sham (KS) 
exchange splitting, is motivated by the spin-wave solution of the one-band Hubbard model. 
The new exchange splittings turn out to be closer to experiment. We present corrected 
magnonspectra for Fe, Co, and Ni. In addition, we present an approach that implements the 
magnetic susceptibility using a renormalized Green function instead of the KS one. The 
latter, much more expensive approach shows substantial improvement of the Goldstone 
mode condition.
[1] E. Sasioglu et al., Phys. Rev. B 81, 054434 (2010); C. Friedrich et al., Top. Curr. Chem. 347, 259 

(2014).

Monday 10:45 h, Room 4+5, Contributed S13 C2

Ultrafast magnetism within Time Dependent Density Functional 
Theory

Jacopo Simoni1, Maria Stamenova1, Stefano Sanvito1

1) Trinity College Dublin 

The search for practical solutions to increase the speed of manipulation of magnetic bits is 
a very important problem in modern information technology. Since the outstanding discovery 
of the demagnetization of a Ni film by a 60 femtosecond optical laser pulse [1] several 
theoretical models have been proposed. In the literature possible explanations involve spin 
losses due to direct coupling between laser photons and the electron spins, superdiffusive 
and electron phonon scattering mechanisms.

In this work we want to show how the ultrafast demagnetization process can be explained 
just in terms of an interaction between the electronic and the spin degrees of freedom of the 
system. Using the time dependent extension of Spin Density Functional Theory we have 
investigated the magnetization dynamics of ferromagnetic andantiferromagnetic transition 
metal systems. The results show that the demagnetization is initially driven by the pulse and 
then decays towards a new equilibrium state, furthermore, the effect is strongly dependent 
on the initial magnetic configuration of the crystal. We finally present a model where the spin 
loss arises naturally as a consequence of the far from equilibrium interplay of the electronic 
and the spin subsystems.
[1] Beaurepaire et al., Phys. Rev. Lett. 76, 4250, (1996)

Monday 11:00 h, Room 4+5, Invited S13 I2

Ultrafast laser-induced demagnetization of ferromagnetic solids

E.K.U. Gross1

1) Max Planck Institute of Microstructure Physics, Weinberg 2, 06120 Halle (Saale),Germany 

Laser-induced ultrafast demagnetization is the process whereby the magnetic moment of a 
ferromagnetic material is seen to drop significantly after the application of a strong and short 
laser pulse. In the past two decades several experiments have demonstrated that this 
process can happen in less than 100 femto-seconds. If this phenomenon can be harnessed 
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for future technology, it offers the possibility for devices operating at speeds several orders 
of magnitude faster than at present. To shed light on the underlying microscopic mechanism, 
we have performed ab-initio studies of Fe, Co, Ni and Cr in short laser pulses, using real-
time non-collinear time-dependent spin density functional theory. We show that the 
demagnetization proceeds in two distinct steps: First, a fraction of the electrons is excited 
without much change in the total spin polarization. In a second step, the spin magnetic 
moment of the remaining localized d-electrons decreases through spin-flip transitions 
induced by spin-orbit coupling. For pulse lengths of a few femto-seconds, the whole process 
of demagnetization happens in less than 50 femto-seconds. Employing a combination of 
time-dependent density functional theory with optimal control theory, we furthermore 
demonstrate how the demagnetization process can be controlled with suitably shaped laser 
pulses. We show that a laser pulse can be found which maximizes the loss of moment within 
a given time interval. Finally, we assess the influence of the approximation used for the 
exchange-correlation functional by comparing non-collinear LSDA results with a novel 
functional that exerts a local exchange-correlation torque.

Monday 11:30 h, Room 4+5, Contributed S13 C3

Exchange splitting of surface and bulk electronic states in excited 
magnetic states of Gd: relation to femtosecond-scale pump-probe 
experiments.

Leonid Sandratskii1

1) Max Planck Institute of Microstructure Physics, Halle 

Recent pump-probe experiments provide time evolution of the bulk and surface electronic 
states in Gd excited by the laser pulse. These experiments are in close connection with 
earlier spectroscopic experiments probing temperature dependence of the exchange splitting 
of the electronic states. We report first-principles study of the electronic states in excited Gd 
modeled by the noncollinearity of the 4f spin moments. In agreement with experiments we 
obtain a strong difference in the properties of the bulk and surface electronic states. To 
reveal the origin of this behavior we apply the concept of spin mixing to characterize the 
electronic states of the excited system. The surface states remain weakly spin mixed with 
respect to the local atomic spin axis of the surface layer that explains the persistence of the 
exchange splitting in highly excited Gd. On the other hand, a smaller part of the surface state 
localized in the second layer becomes strongly spin mixed leading to decreased value of the 
exchange splitting. In contrast to the surface states the bulk states are strongly spin mixed 
and average the influence of the atomic spin-up and spin-down potentials. This leads to the 
properties of the bulk states that are usually associated with the Stoner model. The good 
agreement between calculational results and the results of the pump-probe experiment 
support the assumption of ultrafast disordering of the 4f moments after laser irradiation.
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Monday 11:45 h, Room 4+5, Contributed S13 C4

Calculation of Gilbert damping and nonadiabatic spin-transfer 
torque in magnetic nanostructures

Ehsan Barati1, Marek Cinal1, David M. Edwards2, Andrey Umerski3

1) Institute of Physical Chemistry, Polish Academy of Sciences, 01-224 Warsaw, Poland 
2) Department of Mathematics, Imperial College, London SW7 2BZ, UK 
3) Department of Mathematics and Statistics, Open University, Milton Keynes MK7 6AA, UK 

We present a fully quantum-mechanical calculation of the Gilbert damping constant α and 
the nonadiabatic spin-transfer torque coefficient β in magnetic nanostructures. Calculation 
of α is performed by employing Kamberský’s torque-correlation model within a realistic tight-
binding model including the spin-orbit interaction. The results are reported for Fe, Co and Ni 
ferromagnetic films, cobalt/nonmagnet (Co/NM) bilayers (NM=Cu, Pd, Ag, Pt and Au) as well 
as for Co/NM1/NM2 trilayers. The dependence of αon the thicknesses of ferromagnetic and 
nonmagnetic layers and the effect of the NM caps are investigated. The calculated α in Co/
NM layered structures is remarkably enhanced due to adding the NM=Pd and Pt caps, in 
agreement with experiment. The obtained enhancement is explained by the strong spin-orbit 
coupling in the NM caps combined with their large density of states at the Fermi level.

Contributions to α from individual atomic layers are also determined and analysed in 
several layered systems. Nonlocal nature of the Gilbert damping is visualised by large atomic 
layer contributions to α in the NM capping layers. Additionally, the coefficient β is calculated 
for bulk ferromagnets and ferromagnetic films and compared with the results of previous ab 
initio calculations.

Monday 12:00 h, Room 4+5, Invited S13 I3

First-principles theory of electron-spin fluctuation interactions  
in materials

Johannes Lischner1

1) Imperial College London 

The observation that unconventional, high temperature superconductivity in the cuprates 
and the recently discovered iron pnictides and chalcogenides occurs in the vicinity of an 
antiferromagnetic phase has lead to the suggestion that in these materials spin fluctuations 
replace the phonons as the superconducting glue that binds electrons into Cooper pairs. So 
far, most theoretical approaches employed relatively simple model Hamiltonians containing 
empirical parameters and a material-specific, parameter-free theory of spin fluctuation-
mediated superconductivity has been missing. In my talk, I will present an ab initio theory of 
electron-spin fluctuation interactions based on theOverhauser-Kukkonen approach for the 
homogeneous electron gas. I will apply this theory to sodium and demonstrate that - in 
contrast to previous reports - the coupling of electrons to spin fluctuations is not responsible 
for the experimentally observed bandwidth narrowing. I will also present results for the 
quasiparticle-spin fluctuation coupling in iron selenide and demonstrate that this interaction 
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can give rise to unconventional superconducting states with transition temperatures 
consistent with experimental findings.

Monday 12:30 h, Room 4+5, Invited S13 I4

Dynamical magnetic excitations of itinerant nanomagnets

Samir Lounis1

1) Peter Grünberg Institut and Institue for Advanced Simulation, Forschungszentrum Jülich & 
JARA, Germany 

During the past decades we witnessed an unimaginable progress in the observation and 
understanding of magnetic structures in nanomagnets. In comparison, our understanding of 
the dynamics, excitations and switching of magnetism in nanostructures is still in its infancy. To 
understand, predict and unravel the mechanisms behind these excitations, we developed a 
method based on first-principles [1]. For instance, the dynamical magnetic susceptibility 
including spin-orbit coupling is computed, whose imaginary part gives the density of spin-
excitations. Furthermore, the interaction among the electrons and the spin-excitations is 
quantified in terms of their self-energy, which renormalizes the electronic structure. An overview 
of our investigations on 3ٱ adatoms/nanostructures deposited on several metallic surfaces 
will be presented and compared to available inelastic scanning tunneling spectra [2].

Work financed by the HGF-YIG Program No. VH-NG-717 (Functional nanoscale structure 
and probe simulation laboratory- Funsilab).
[1] Lounis et al. PRL 105, 187205 (2010); ibid. PRB 83, 035109 (2011), Lounis et al. Surf. Sci. 630, 

317 (2014); Schwflinghaus et al. PRB 89, 235439 (2014); dos SantosDias et al. PRB 91, 075405 
(2015). 

[2] Khajetoorians, Lounis et al. PRL 106, 037205 (2011); Chilian et al., PRB 84, 212401 (2011); Kha-
jetoorians et al. PRL 111, 157204 (2013).
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Symp. 14: Chiral Magnetism
Organized by Stefan Blugel

Monday 15:00–18:00 h, Room 10

Monday 15:00 h, Room 10, Invited S14 I1

Tailoring magnetic skyrmions at transition-metal interfaces

Stefan Heinze1

1) Institut für Theoretische Physik und Astrophysik, Christian-Albrechts-Universität zu Kiel, 
Germany 

Magnetic skyrmions are localized, topologically protected spin structures. They offer 
attractive perspectives for future spintronic applications since they can be manipulated at 
electric current densities which are by orders of magnitude lower than those required for 
domain wall motion. They were first observed in bulk magnets with a particularchiral crystal 
symmetry limiting the number of available systems and the adjustability of their properties. 
Recently, it has been discovered that due to the broken inversion symmetry at surfaces 
magnetic skyrmions can also occur in ultra-thin transition-metal films which opened a new 
class of systems.

Here, the emergence of skyrmion phases in ultra-thin transition-metal films on surfaces 
and in transition-metal multilayers will be discussed based on first-principles electronic 
structure theory. The origin of the experimentally observed skyrmion phases in ultra-thin 
films will be explained and the occurrence of skyrmions in transition-metal multilayers which 
are promising for spintronic applications is predicted. In these systems the interplay of the 
exchange and the Dzyaloshinskii-Moriya interaction controls skyrmion formation which 
allows tailoring skyrmion properties by interface engineering.

Monday 15:30 h, Room 10, Contributed S14 C1

First-principles study of DM interaction in Mn1-xFexGe

Takashi Koretsune1, Naoto Nagaosa1, Ryotaro Arita1

1) RIKEN, Center for Emergent Matter Science 

Dzyaloshinskii-Moriya (DM) interaction plays a key role in skyrmion physics. Particularly in 
metallic systems, DM interaction can be sensitive to external parameters such as pressure 
and chemical potential. In fact, recently it has been shown that the DM interaction in Mn1-
xFexGe exhibits drastic carrier-density dependence. Here, we use a simple approach to 
evaluate the continuum limit of the DM interaction in metallic systems from first-principles 
calculations. Using this approach, we demonstrate that the sign of DM interaction changes 
depending on the carrier density in Mn1-xFexGe, which is consistent with the experiment. 
The origin of the sign change is discussed in terms of spin mixing due to spin-orbit coupling 
in the band structure.
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Monday 15:45 h, Room 10, Contributed S14 C2

First-principles approach to M-nitronyl nitroxide (M = Co, Mn) spin 
helices

Silvia Picozzi1, Marco Scarrozza1, Paolo Barone1, Alessandro Vindigni2, Roberta 
Sessoli3

1) CNR SPIN, UOS L’Aquila, via Vetoio 10, 67100 Coppito, L’Aquila, Italy 
2) Laboratorium fuer Festkoerperphysik, ETH Zurich, CH-8093 Zurich, Switzerland 
3) Laboratory of Molecular Magnetism (LaMM), Dip.to Chimica Ugo Schiff, Univ. Firenze & INSTM 

RU, 50019 Sesto Fiorentino (FI), Italy 

The properties of two molecular-based magnetic helices, composed of 3d metal Co and Mn 
ions bridged by nitronyl nitroxide radicals, are investigated by density-functional calculations. 
Their peculiar and distinctive magnetic behavior is here elucidated by a thorough description 
of their magnetic, electronic, and anisotropy properties. Metal ions are antiferromagnetically 
coupled with the radicals, leading to a ferrimagnetically ordered ground state. A strong metal-
radical exchange coupling is found, about 44 and 48meV for Co and Mn helices, respectively. 
The latter have also relevant next-nearest-neighbor Mn-Mn antiferromagnetic interactions 
(of 6ٱ meV). Co sites are characterized by noncollinear uniaxial anisotropies, whereas Mn 
sites are rather isotropic. A key result pertains to the Co helix: The microscopic picture 
resulting from density-functional calculations allows us to propose a spin Hamiltonian of 
increased complexity with respect to the commonly employed Ising Hamiltonian, suitable for 
the study of finite-temperature behavior, and that seems to clarify the puzzling scenario of 
multiple characteristic energy scales observed in experiments.

Monday 16:00 h, Room 10, Invited S14 I2

Berry phase effects in chiral magnets from first-principles theory

Yuriy Mokrousov1

1) Forschungszentrum Jülich 

In ferromagnets, the anomalous Hall effect and orbital magnetism can be understood from 
the viewpoint of the powerful Berry phase theory. From purely theoretical grounds and in 
close correlation with available experiments, we show that many properties of more complex 
chiral magnetic structures, such as skyrmions, can be recast in the language of the Berry 
phases and efficiently accessed from the first principles electronic structure theory. We focus 
in particular on the physics of the topological Halleffect and the Dzyaloshinskii-Moriya 
interaction in various systems. We discuss the limits of the Berry phase approach and aim 
at proper definition of the topological Halleffect in the limit of very small spin textures. In 
particular, we demonstrate that complex real-space topology of spin textures at transition-
metal surfaces can completely replace the spin-orbit interaction in giving rise to large 
anomalous Hall effect and orbital magnetization. This suggests that the latter two phenomena, 
which are traditionally viewed as key manifestations of spin-orbit interaction in solids, can be 
engineered and controlled via manipulation of subtle spin interactions which govern the 
formation of non-trivial spin structures at surfaces. To capture the main features of discussed 
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effects as predicted from first principles theory we invoke simple hand-crafted tight-binding 
models.

Monday 16:30 h, Room 10, Contributed S14 C3

Spin-texture induced by oxygen vacancies in SrTiO3 (001) surface 
by first-principles

Andres Camilo Garcia-Castro1, Maia G. Vergniory2, Erik Bousket3, Aldo H. Romero4

1) Centro de Investigación y Estudios Avanzados del IPN, MX-76230, Querétaro, México 
2) Donostia International Physics Center, 20018 Donostia/San Sebastian, Spain 
3) Physique Théorique des Matériaux, Université de Liège, B-4000 Sart-Tilman, Belgium 
4) Physics Department, West Virginia University, WV-26506-6315, Morgantown, USA 

In this paper we study the electronic and spin structure of SrTiO3 surface by means of first-
principles calculations. We reveal that oxygen vacancies at the top of the surface lead to a 
strong effect in the antiferrodistortive (AFD) distortion and a magnetic ordering is induced at 
the surface. The spin-texture and the two-dimensional electron gases (2DEG) at the surface 
was studied. A splitting in the bands energy was found according to the Zeeman interaction 
in the bands and the lowering of the Ti:3dxy level in comparison dxz and dyz. The spin-
texture analysis reveal a precession of the spins in the kx-ky plane. Additionally owed to 
spin-orbit coupling effect a Rashba type splitting was found in the dxy and dxz=yz crossing 
bands.

Monday 16:45 h, Room 10, Invited S14 I3

Topological excitations in a chiral kagome magnet

Manuel Pereiro1, Dmitry Yudin1, Jonathan Chico1, Corina Etz1, Olle Eriksson1, 
Anderes Bergman1

1) Uppsala University 

Chirality—that is, left or right handedness—is present in many scientific areas, and particularly 
in condensed matter physics. Inversion symmetry breaking relates chiralitywith skyrmions, 
which are protected field configurations with particle-like and topological properties. Here we 
show that a kagome magnet, with Heisenberg andDzyaloshinskii–Moriya interactions, 
causes non-trivial topological and chiral magnetic properties. We also find that under special 
circumstances, skyrmions emerge as excitations, having stability even at room temperature. 
Chiral magnonic edge states of a kagome magnet offer, in addition, a promising way to 
create, control and manipulate skyrmions. This has potential for applications in spintronics, 
that is, for information storage or as logic devices. Collisions between these particle-like 
excitations are found to be elastic at very low temperature in the skyrmion-skyrmion channel, 
albeit without mass-conservation. Skyrmion–antiskyrmion collisions are found to be more 
complex, where annihilation and creation of these objects have a distinct non-local nature.
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Monday 17:15 h, Room 10, Contributed S14 C4

Spin dynamics of spin-orbit coupled dimers on Pt (111)

Manuel dos Santos Dias1, Samir Lounis1

1) Peter Gruenberg Institut and Institute for Advanced Simulation, Forschungszentrum Juelich, 
Germany

The interaction between two magnetic adatoms becomes anisotropic in the presence of 
spin-orbit coupling (SOC). The broken inversion symmetry at the surface leads to the 
Dzyaloshinksii-Moriya interaction (DMI), enabling chiral magnetic ground states. We 
investigate its impact on the spin dynamics of magnetic Fe dimers on the Pt(111) surface. As 
Fe adatoms show site-dependent magnetic anisotropy [1], we also consider the site-
dependence of the DMI for dimers, with strong impact on the spin dynamics and ultimately 
on the functionality of Pt(111)-based magnetic nano-devices.

We employ real-space time-dependent density functional theory for spin excitations of 
nanostructures [2], based on the Korringa-Kohn-Rostoker Green function approach,with 
SOC recently incorporated [3]. Extension of our theoretical inelastic scanning tunneling 
spectroscopy method [4] is in progress.

Work funded by the HGF-YIG Programme FunSiLab - Functional Nanoscale Structure 
Probe and Simulation Laboratory (VH-NG-717).

[1] A. A. Khajetoorians et al., PRL 111, 157204 (2013)
[2] S. Lounis et. al, PRL 105, 187205 (2010), PRB 83, 035109 (2011), Surface Science 630, 317-324 

(2014)
[3] M. dos Santos Dias et al., PRB 91, 075405 (2015)
[4] B. Schweflinghaus et al., PRB 89, 235439 (2014)

Monday 17:30 h, Room 10, Invited S14 I4

Finite temperature behaviour of spin-spirals and skyrmions

László Udvardi1,2, Levente Rózsa1, László Szunyogh1,2

1) Department of Theoretical Physics, Budapest University of Technology and Economics 
2) MTA-BME Condensed Matter Research Group, Budapest University of Technology and 

Economics 

In thin magnetic films Dzyaloshinsky-Moriya interaction may stabilize non-collinear magnetic 
configurations such as spin-spirals or skyrmions. In this talk spin-dynamics and Monte-Carlo 
simulations of a monolayer of Fe on various substrates is presented.The tensorial exchange 
couplings and the anisotropy have been determined from first principles by using the 
relativistic Liechtenstein\\\’s method and the spin-cluster expansion.

For Fe/Ta(110) different types of ground states are found in the systems as a function of 
relaxation of the Fe layer. A switching appears from the ferromagnetic state to acycloidal spin 
spiral state, then to another spin spiral state. Transitions between the different magnetic phases 
at finite temperature has been studied by Monte-Carlo simulations and spin-wave expansion.

Formation of skyrmions has been observed experimentally in a PdFe bilayer deposited 
on Ir(111). We found a spin-spiral ground state in the lack of external magnetic field. Turning 
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the magnetic field on a hexagonal skyrmion-lattice is formed at zero temperature. At low 
temperature the number of skyrmions is constant and the spin-spin correlation function 
indicates a long range order. Increasing the temperature the long range order disappears. 
Further increase of the temperature due to fluctuations in the number of skyrmions. From the 
frequency of the creation or annihilation of a skyrmion their life-time could be estimated.
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Symp. 15: First-Principles Calculations for Multiferroics  
and Magnetoelectrics

Organized by Nicola Spaldin, Silvia Picozzi
Tuesday 14:30–17:00 h, Room 1+2+3

Tuesday 14:30 h, Room 1+2+3, Invited S15 I1

First-principles study of magnetoelectricity: finite magnetic field 
and density functional perturbation theory

Eric Bousquet1

1) University of Liège 

First-principles studies of the magnetoelectric response of crystals has emerged rather 
recently. The first occurrence of such a calculation was performed through a finite differences 
technique followed by the use of finite field techniques. These techniques appeared to be 
successful in calculating the magnetoelectric response of magnetoelectric crystals and to 
give a deep insight into the underlying microscopic mechanisms.

Despite these successful achievements, the use of these two techniques didn\’t reach a 
widespread use in the community due to the cumbersome human investment that can 
require the finite differences technique or the CPU time consuming that can be necessary 
with finite field relaxations within non-collinear plus spin-orbit coupling calculations. In this 
talk, I will discuss the use and limits of the finite magnetic field method and, going beyond, I 
will also present the development of a density functional perturbation theory (DFPT) with 
magnetic field in order to compute the magnetoelectric response. With respect to the two 
previously used techniques, DFPT is code-development time consuming but once done it 
allows to compute the whole magnetoelectric tensor in an automated way that requires no 
specific human investment and thus whatever the crystal complexity or size.

Tuesday 15:00 h, Room 1+2+3, Contributed S15 C1

Magnetoelectric multiferroic superlattices and interfaces

Zeila Zanolli1

1) Forschungszentrum Juelich 

The research challenges in electronics focus on the quest for new materials and novel device 
concepts to achieve low energy consumption, increased reliability and high device density. 
These can be obtained by designing active elements and interconnects whose operating 
principle is not (only) based on the electron charge but on the spin degree of freedom of the 
electron.

Magnetoelectric (ME) multiferroics have been proposed as fundamental building blocks 
for spintronic devices [1]. In this talk, we will discuss how superlattices of perovskites can be 
designed from first principles to achieve strongly coupled ME and, hence, achieve control 
the weak magnetization via an electric field [2]. Most important, advanced epitaxial techniques 
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allow one to actually grow such magnetoelectric superlattices [3]. Another route to optimize 
spintronic devices is to exploit the unique electronic and transport properties of Carbon-
based nanomaterials [4]. We use first principle techniques to show that placing graphene on 
a ME substrate induces magnetism in graphene and opens an electronic band-gap in the 
hybrid organic-multiferroic material [5].
[1] S. Fusil et al Annu. Rev. Mater. Res. 44, 91–116 (2014)
[2] Z. Zanolli et al Phys. Rev. B 88, 060102(R) (2013)
[3] G. Rispens et al, Phys. Rev. B 90, 104106 (2014)
[4] S. M.-M. Dubois, et al Eur. Phys. J. B 72 (2009) 1-24
[5] Z. Zanolli, Graphene-multiferroic interfaces for spintronics applications, submitted 2015

Tuesday 15:15 h, Room 1+2+3, Contributed S15 C2

Rashba splitting and spin-valley coupling in ferroelectric oxides

Kunihiko Yamauchi1, Paolo Barone2, Silvia Picozzi2

1) ISIR-Sanken, Osaka University, Japan 
2) CNR-SPIN, Italy 

Spin-orbit coupling is responsible for the Rashba effect and spin-valley coupling in the 
absence of structural inversion symmetry. Although such effects are usually found at 
surfaces, it was recently suggested they might also occur in polar (ferroelectric) bulk 
materials. For example, GeTe shows a strong bulk Rashba effect in its polar rhombohedral 
structure. In our first-principles study, we propose novel bulk Rashba effects and spin-valley 
coupling in newly designed perovskite oxide heterostructures. Aiming at a sizable spin 
splitting, low-spin 5d transition metal ions are embedded in host ferroelectric oxides with 
LiNbO3-type polar distortion. Our calculations clarify that the spin-orbit coupling largely splits 
5d orbital states of the transition metal ion into |j> states, which are further split into different 
spin states, due to breaking of inversion symmetry. In this talk, the microscopic mechanism 
for the Rashba effect and the spin-valley coupling in our novel oxide systems will be 
discussed. If time permits, Rashba-like spin-splitting phenomena in antiferromagnetic 
ferroelectric oxides will also be introduced.

This work is supported by a Grant-in-Aid for Young Scientists (B) from the Japan Society 
for the Promotion of Science (No 26800186).

Tuesday 15:30 h, Room 1+2+3, Invited S15 I2

Ordered space- and time-odd multipoles and their relevance in 
magneto-electrics

Lars Nordström1

1) Uppsala University, Sweden 

Multi-ferroics are materials were both time and space inversion are broken. We will describe 
some site specific quantities that accompany these orderings. They are the parts of the 
magnetic (both spin and orbital) densities that are odd under both space and time inversion. 



Ψk-2015

156 Abstracts of  Inv i ted and Contr ibuted Talks

They can be ascribed as anapole multipoles: monopoles, toroidals, and magneto-electric 
quadrupoles. We will describe how to calculate these quantities from first principles electronic 
structure calculations and how they will contribute to our understanding of multi-ferroics, 
especially when we allow for anti-ferro orderings of either magnetic or electric order. This 
discussion will generalize our knowledge from multipole orderings in space inversion 
invariant materials. We will focus on systems where monopoles might play an important role.

Tuesday 16:00 h, Room 1+2+3, Contributed S15 C3

Theory of electromagnons in CuO

Kun Cao1, Feliciano Giustino1, Paolo Radaelli2

1) Department of Materials, University of Oxford 
2) Clarendon Laboratory, Department of Physics, University of Oxford 

We develop a theory of electromagnons in CuO by combining a symmetry analysis based 
on irreducible co-representations, ab initio calculations, and simulations of spin dynamics 
using a model Hamiltonian and the Landau-Lifshitz-Gilbert equation.

We show that the electromagnon measured in [Jones et al., Nat. Commun. 5, 3787 
(2014)] with the electric field along the [101] direction originates from a magnetoelectric 
coupling mediated by Dzyaloshinskii-Moriya interactions, and consists of a rigid rotation of 
the Cu spins around the axis defined by the electric field.

Furthermore we predict the existence of a second electromagnon originating from 
exchange striction and coupled to electric fields along the [010] direction in the AF2 phase.

Tuesday 16:15 h, Room 1+2+3, Contributed S15 C4

Orbital currents in CuO

Michael Fechner1, Nicola A. Spaldin1

1) ETH Zurich Materials Theory 

We developed a scheme to investigate parity and time-reversal-odd order parameters 
associated with orbital currents within the framework of first-principle calculations [1]. By 
applying our approach on CuO we further explore the source of orbital currents in this 
material which where observed by resonant x-ray diffraction2. The comparison of our 
calculation with the experimental measurements revealed that orbital currents in CuO are 
“antiferro”-ordered spin toroidal moments. Our analysis shows that these moments originate 
from a strong hybridization between Cu-dz [2] orbitals with neighboring O-p orbitals. This 
interaction enforces a spin asymmetry around Cu, which creates toroidal moments. Moreover, 
our investigations revealed that several parity and time-reversal odd multipole orders coexist 
in CuO. In addition to the “antiferro” spin toroidal moment an “antiferro”magnetoelectric 
monopolar ordering with a different ordering vector is found. Finally, we discuss the possibility 
of using our approach to identify orbital currents in other materials.
[1] Spaldin, N. A., Fechner, M., Bousquet, E., Balatsky, A. & Nordstrom, L. Monopole-based formalism 

for the diagonal magnetoelectric response. Phys. Rev. B 88, 094429 (2013).
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[2] Scagnoli, V. et al. Observation of Orbital Currents in CuO. Science 332, 696–698 (2011).

Tuesday 16:30 h, Room 1+2+3, Invited S15 I3

Flexoelectricity from density-functional perturbation theory

Massimiliano Stengel1,2

1) Institut de Ciencia de Materials de Barcelona (ICMAB-CSIC) 
2) ICREA - Institució Catalana de Recerca i Estudis Avançats 

Flexoelectricity describes the electric polarization that is linearly induced by a strain gradient, 
and is being intensely investigated as a new route to converting mechanical stimulation into 
electrical signals and vice versa. While several breakthough experiments have been reported 
in the past few years, progress on the theoretical front has been comparatively slow. The 
main difficulty with calculating the flexoelectric response of a crystal is the inherent breakdown 
of translational periodicity that a strain gradient entails, which at first sight questions the very 
applicability of traditional plane-wave pseudopotential methods.

In this talk I will show how these obstacles can be overcome by combining density-
functional perturbation theory with generalized coordinate transformations, gaining access 
to the full microscopic response (in terms of electronic charge density, polarization and 
atomic displacements) of a crystal or nanostructure to an arbitrary deformation field. As a 
practical demonstration, I will present results on the full flexoelectric response of SrTiO3, 
including atomic relaxations and surface effects. I will show that, upon bending a 
macroscopically thick SrTiO3 slab, one obtains a positive or a negative voltage depending 
on the lattice termination, which points to a dramatic dependence of the flexoelectric effect 
on the details of the sample surface.
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Symp. 16: Ab Initio Statistical Mechanics
Organized by Luca Ghiringhelli, Matthias Scheffler,  

Berand Smit
Wednesday 10:00–15:45 h, Room 10

Wednesday 10:00 h, Room 10, Invited S16 I1

Coupling of magnetic and lattice degrees of freedom in real 
materials

Tilmann Hickel1, Biswanath Duttta1, Fritz Körmann1, Jörg Neugebauer1

1) Max-Planck-Institut für Eisenforschung, Max-Planck-Str. 1, 40237 Düsseldorf, Germany 

An ab initio based determination of phase stabilities at finite temperatures requires the 
explicit description of various kinds of excitation mechanisms. For iron-based materials the 
magnetic entropy contribution is typically the most challenging part. If described independently, 
the Heisenberg model and its extensions can be used as an elegant way for coupling ground-
state ab initio calculations with concepts of many-body theory to fully simulate the temperature 
dependence. In many materials, however, also the coupling of magnetism to lattice vibrations 
has a noticeable impact on phase stabilities. We have developed various techniques to meet 
this challenge, including fixed spin-moment approaches [1], spin-space averaging techniques 
[2] and the itinerant coherent-potential approximation. The capability of these methods and 
consequences for thermodynamic properties will be discussed for iron as well as modern 
magnetocaloric materials.
[1] M. Uijttewaal, T. Hickel, J. Neugebauer, M. Gruner, P. Entel, Phys. Rev. Lett. 102, 035702 (2009).
[2] F. Körmann, B. Grabowski, B. Dutta, T. Hickel, L. Mauger, B. Fultz, J. Neugebauer, Phys. Rev. Lett. 

113, 165503 (2014).

Wednesday 10:30 h, Room 10, Contributed S16 C1

Ab initio Kinetic Monte Carlo study of temperature-programmed 
desorption spectra of RuO2 (110)

Sergey Pogodin1, Nuria Lopez1

1) Institute of Chemical Research of Catalonia 

Ruthenium dioxide is a versatile catalyst with numerous industrial applications. We use ab 
initio Kinetic Monte Carlo approach to study interaction of RuO2 (110) surface with oxygen 
and water, that are common participants in many chemical reactions. Our implementation of 
the method reproduces temperature-programmed desorption spectra of the material, which 
may be directly compared against experimental data. As the resulting spectra are quite 
sensitive to the surface energetic predicted by Density Functional Theory, our approach may 
be used to benchmark accuracy of DFT calculations.
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Wednesday 10:45 h, Room 10, Contributed S16 C2

Formation of 1D adsorbed water structures on CaO(001):  
A first-principles genetic algorithm study

Xunhua Zhao1, Sergey V. Levchenko1, Saswata Bhattacharya1, Luca M. Ghiringhelli1, 
Matthias Scheffler1

1) Fritz Haber Institute of MPG, Berlin, DE 

Understanding the interaction of water with oxide surfaces is of fundamental importance for 
basic and engineering sciences. Recently, a spontaneous formation of one-dimensional 
(1D) adsorbed water structures have been observed on CaO(001) [1]. Interestingly, at other 
alkalineearth metal oxides, in particular MgO(001) and SrO(001), such structures have not 
been found. We calculate relative stability of adsorbed water structures on the three oxides 
using density-functional theory with the hybrid functional HSE06 and ab initio many-body 
dispersion interaction correction, combined with the ab initio atomistic thermodynamics. 

Low-energy structures at coverages up to one monolayer are obtained with a first-
principles genetic algorithm. Finite-temperature anharmonic vibrational spectra are 
calculated using ab initio molecular dynamics. We find a range of (T, p) conditions where 1D 
structures are thermodynamically stable on CaO(001). The orientation and vibrational 
spectra of the 1D structures are in agreement with the experiments [1]. The formation of the 
1D structures is found to be actuated by a symmetry breaking in the adsorbed water tetramer, 
as well as by a balance between water-water and water-substrate interactions, determined 
by the lattice constant of the oxide.

[1] X. Zhao, X. Shao, et. al, J. Phys. Chem. Lett., 6, 1204 (2015)

Wednesday 11:30 h, Room 10, Invited S16 I3

Molecular Dynamics with On-The-Fly Machine Learning of QM 
Forces

Alessandro De Vita1

1) Physics Department, King’s College London 

MD modelling of complex processes can require large system sizes and long simulation 
times, and may produce an ample, not a priori predictable repertoire of chemical steps, 
although these may remain confined inside small system sub-regions, and occur sparsely in 
time. I will argue that for these phenomena it is necessary to use MD techniques capable of 
incorporating accurate QM information generated at run time during the simulations [1]. 
Moreover, storing the QM information in dynamically evolving databases enables the use of 
specially tuned Machine Learning (ML) force fields free of the validation problems associated 
with any classical interatomic potentials trained on fixed databases. This approach achieves 
efficiency by requiring progressively fewer QM calls when a new chemical process is 
encountered for the second and subsequent times during the simulation, while any QM 
database is still fully re-usable. I will present one such “Learn On the Fly” scheme, effectively 
unifying First-Principles Molecular Dynamics and Machine Learning into a single efficient 
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scheme which learns/predicts atomic forces through Bayesian inference [2]. Strategies for 
dealing with large, dynamically evolving QM zones in simulations running on current high-
end parallel platforms will also be discussed [3,4].
[1] A. Gleizer et al., Phys. Rev. Lett., 112, 115501 (2014)
[2] Z. Li, et al., Phys. Rev. Lett., 114, 096405 (2015)
[3] Cf., e.g., US-DOE INCITE Project: https://www.alcf.anl.gov/projects/sio2-fracture-chemomechan-

ics-machine-learning-hybrid-qmmm-scheme
[4] M. Caccin et al., Int. J. of Quantum Chemistry 2015, DOI: 10.1002/qua.24952

Wednesday 13:30 h, Room 10, Invited S16 I4

Analytic bond-order potentials: from a simplified description of 
the electronic structure to structural stability in elements and 
compounds

Ralf Drautz1

1) ICAMS, Ruhr-Universität Bochum, Bochum, Germany 

The analytic Bond-Order Potentials (BOPs) are derived from density functional theory (DFT) 
by downfolding on a tight-binding model and a local moments expansion of the energy. The 
BOPs encompass covalent bond formation, charge transfer and non-collinear magnetism 
within their derived functional form. Efficient analytic expressions for forces and torques 
enable simulations with millions of atoms.

The simplified and transparent representation of the interatomic interaction in the BOPs 
allows one to rationalize structural and magnetic stability in elements and compounds. For 
example, Mn takes the chi phase in its ground state structure, while isoelectronic Re has a 
simple hcp phase. This is sometimes attributed to Mn forming a self-intermetallic compound. 
In this talk I will show how this view is incorrect and suggest a different origin for the 
stabilization of the chi phase. Further examples will then illustrate the relevance of a few 
well-known parameters that may be used to characterize the structural stability for a large 
number of compounds.

Wednesday 14:00 h, Room 10, Invited S16 I5

Sampling, Embedding and Optimizing tractible many-electron 
wavefunctions in the solid state

George Booth1

1) King’s College London, U.K. 

Extending the accuracy and improvability of correlated electronic structure in the solid state 
by using the many-electron wavefunction, whilst still reaching the necessary thermodynamic 
limit, has been seen by many over the years as an unrealistic task. However, through a 
combination of emerging approaches, realistic systems are now within reach. In this talk, 
some of these approaches will be discussed, and results presented for both lattice and 
realistic ab-initio systems without any empirical parameterization. Demonstrations of the 
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new levels of accuracy achieveable for relatively simple materials, including defect formation 
energies and static quantities will be discussed, as well as the prospects for spectral 
quantities and systems with stronger correlation effects.

Wednesday 14:30 h, Room 10, Contributed S16 C3

Get real! Towards structure prediction of complex systems with 
efficient global optimization in an ab initio thermodynamics 
framework.

Chiara Panosetti1, Konstantin Krautgasser1, Dennis Palagin2, Karsten Reuter1, 
Reinhard Maurer3

1) Technische Universitaet Muenchen 
2) University of Oxford 
3) Yale University 

Continuous computational and methodological advances provide first-principles atomistic 
insight into ever larger and complex materials, intensifying the need for efficient geometry 
sampling techniques in high-dimensional configuration spaces. We adapt the basin hopping 
global optimization scheme to employ automatically-generated collective curvilinear 
coordinates. Due to physical correspondence of these coordinates with vibrations, this 
enhances the generation of chemically meaningful trial structures for covalently bound 
systems. In the application to hydrogenated Si clusters we concomitantly observe a 
significantly increased efficiency in identifying low-energy structures and a reduction of 
unphysical geometries when compared to the same number of typical random Cartesian trial 
moves1. We further propose to combine this and the ab initio thermodynamics idea2 in a 
grandcanonical global optimization framework, where the function to minimize is no longer 
the total energy, but rather the Gibbs free energy at several values of the chemical potential 
of the components of the target system, in order to establish a chemically-motivated, first-
principle-based tool for predictive-quality structural modelling of complex processes of 
nanotechnological relevance such as the direct formation of metal–silicon clusters at silicon 
surfaces.

[1] C. Panosetti et al., in preparation (2015) 
[2] J. Rogal et al., PRL 98, 046101 (2007)
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Wednesday 14:45 h, Room 10, Invited S16 I6

Effective lattice dynamics for strongly anharmonic systems

Olle Hellman1

1) Department of Applied Physics and Materials Science, California Institute of Technology, 
Pasadena, California 91125, USA 

We present recent developments using the temperature dependent effective potential 
technique (TDEP) to model strongly anharmonic materials. We use ab initio molecular 
dynamics or efficient statistical sampling to generate an effective Hamiltonian that reproduce 
neutron scattering spectra, thermal conductivity, phonon self energies, heat capacities and 
free energies.

Wednesday 15:15 h, Room 10, Invited S16 C4

Calculating pressure-temperature phase diagrams of materials

Robert Baldock1, Lívia Pártay2, Albert Bartók3, Michael Payne1, Gábor Csányi3

1) Department of Physics, University of Cambridge 
2) Department of Chemistry, University of Cambridge 
3) Department of Engineering, University of Cambridge 

We extend the Nested Sampling algorithm to simulate materials under periodic boundary 
and constant pressure conditions, and show how it can be efficiently used to determine the 
phase diagram directly from the potential energy in a highly automated fashion. The only 
inputs required are the composition and the desired pressure and temperature ranges, in 
particular solid-solid phase transitions are recovered without any a priori knowledge about 
the structure of solid phases. We apply the algorithm to the Lennard-Jones system, 
aluminium, and the NiTi shape memory alloy.

Wednesday 15:30 h, Room 10, Invited S16 C5

Replica Exchange Wang Landau Sampling for First Principles 
Multiple Scattering Calculation

Markus Eisenbach1, Ying Wai Li1

1) Oak Ridge National Laboratory, Oak Ridge, TN 37831, USA 

The combination of Wang-Landau sampling with constrained ab initio calculations has 
proven successful for calculating transition temperatures of magnetic phase transitions from 
first principles. Yet the convergence of this method is too slow to obtain reliable low 
temperature thermodynamics or to extend the phase space to be explored (e.g. chemical 
order, atomic displacements, structural transitions). The addition of parallel walkers beyond 
a threshold number in the same histogram has been observed to result in diminished 
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convergence rates. A solution to this problem is provided by the Replica-Exchange Wang-
Landau (REWL) method, which divides the energy range into multiple overlapping windows 
and uses replica exchange moves to ensure the ergodicity of the Monte-Carlo method. Here 
we present our implementation of REWL inside our all electron first principles multiple 
scattering code (LSMS) to calculate the Curie temperatures of Fe and Ni based materials. 
The code shows exceptional scalability on large scale high performance computing 
architectures such as Titan at the Oak Ridge Leadership Computing facility and it is capable 
of efficiently exploiting the acceleration provided by the GPU processors on this architecture.
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Symp. 17: Topological Insulators
Organized by David Vanderbilt, Ingrid Mertig

Thursday 9:45–13:00 h, Auditorium

Thursday 9:45 h, Auditorium, Invited S17 I1

Importance of relativistic GW calculations for topological 
insulators

Irene Aguilera1

1) Peter Grünberg Institut and Institute for Advanced Simulation, Forschungszentrum Jülich and 
JARA, D-52425 Jülich, Germany. (E-mail: i.aguilera@fz-juelich.de) 

Most theoretical studies of topological insulators (TIs) are based on tight-binding descriptions 
and density functional theory (DFT). But recently, many-body calculations within the GW 
approximation attract much attention in the study of these materials. We present an 
implementation of the quasiparticle self-consistent (QS) GW method where the spin-orbit 
coupling (SOC) is fully taken into account in each iteration rather than added a posteriori. 
Within the all-electron FLAPW formalism, we show DFT and GW calculations for several, 
well-known TIs. We present a comparison of the calculations to photoemission spectroscopy 
and show that the GW corrected bands agree much better with experiment.

Quasiparticle calculations for low-dimensional systems are still very demanding. In order 
to study the topological surface states with an approach based on GW, we use Wannier 
functions to construct a Hamiltonian that reproduces the many-body band structure of the 
bulk, and that is used to construct a slab Hamiltonian. With this approach, we discuss the 
effect of quasiparticle corrections on the surface states of TIs and on the interaction between 
bulk and surface states. 

Acknowledgement: Collaboration with C. Friedrich, I. A. Nechaev, G. Bihlmayer, and S. 
Blügel, within the Virtual Institute for Topological Insulators of the Helmholtz Association.
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Thursday 10:15 h, Auditorium, Invited S17 I2

First principles design of robust Chern insulators

Kevin Garrity1, David Vanderbilt2

1) NIST 
2) Rutgers University 

Considerable efforts have recently been devoted to the experimental realization of a two-
dimensional Chern insulator, i.e., a system displaying the quantum anomalous Hall effect. 
However, existing approaches such as those based on magnetic doping of topological-
insulator thin films have been limited to small band gaps and sub-Kelvin temperatures. In 
this work, we use first principles calculations to demonstrate two alternate methods for 
combining spin-orbit coupling and magnetism in order to produce larger band gap Chern 
insulators. In the first method, we add elements with large spin-orbit coupling to the surface 
of a magnetic insulator, which we show can result in surface bands with non-trivial topology. 
In the second method, we design an interface between two ferromagnetic insulators, EuO 
and GdN, in such a way that a band inversion occurs at the interface, resulting in a Chern 
insulator. Both of these methods combine the magnetic ordering and spin-orbit coupling of 
known materials to produce Chern insulators with band gaps of over 0.1 eV, which should 
allow for non-trivial behavior near room temperature.

Thursday 10:45 h, Auditorium, Contributed S17 C1

Recent Progresses on The Research of Two-Dimensional Stanene

Yong Xu1, Shou-Cheng Zhang2

1) Tsinghua University, Beijing, China 
2) Stanford University, USA 

Stanene is a two-dimensional allotrope of tin in a buckled honeycomb lattice. The material 
was predicted to support many novel features, including large-gap quantum spin Hall (QSH) 
states, quantum anomalous Hall (QAH) states, enhanced thermoelectric performance, or 
possibly even topological superconductivity. Recent progresses on the research of stanene 
will be reviewed. In particular, a recent experiment has successfully fabricated this theoretically 
predicted material. All these make the research of stanene as a fast-growing field.

Topological crystalline insulator: new physics and materials

Junwei Liu

In the past decades, there has been great progress in our understanding of topological 
states of matter. Specially, the material realization of topological insulators has triggered 
extensive researches on the symmetry protected topological phases. In this talk, I will mainly 
discuss the recent progress in the studies of the topological crystalline insulators (TCIs), in 
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which the nontrivial topology of electronic structures is protected by crystal symmetries but 
not the time-reversal symmetry. The first example is the SnTe type of IV-VI semiconductors 
in rocksalt structure, which we predicted to be TCIs based on the theoretical calculations 
and was quickly confirmed in several independent experiments. I will then introduce our 
recent theoretical prediction of another type of TCIs in anti-perovskite structure by taking 
Sr3PbO, Sr3SnO and Ca3SnO as examples. Finally I will briefly discuss our proposed 
potential device applications of those topological materials including two-dimensional 
transition metal dichalcogenides in QSH phase.

Thursday 11:30 h, Auditorium, Contributed S17 C2

Theoretical prediction of Topological semimetals

Hongming Weng1,2, Xi Dai1,2, Zhong Fang1,2

1) Beijing National Laboratory for Condensed Matter Physics, and Institute of Physics, Chinese 
Academy of Sciences, Beijing 100190, China 

2) Collaborative Innovation Center of Quantum Matter, Beijing, 100084, China 

Topological semimetals, characterized by Weyl/Dirac nodes in the bulk and Fermi arcs on 
the surfaces, are new states of three-dimensional (3D) quantum matters, different from 
topological insulators. Novel properties, such as negative magneto-resistance and non-local 
transport, can be expected for such semimetals, due to the presence of chiral anomaly. 
Recently, several Dirac semimetal (Na3Bi [1] and Cd3As2 [2]), Weyl semimetal (HgCr2Se4 [3] 
and TaAs family [4]) and Node-line (all carbon Mackay-Terrones crystal [5], Cu3PdN [6]) 
compounds have been predicted and some of them have been experimentally verified. In 
this talk, I will review the theoretical progress with focus on the predictive roles of first-
principles calculations in this field.[7] Some recent experimental progress will be also 
addressed.
Reference:
[1] Z. Wang et al., PRB 85, 195320 (2012); Z. Liu et al. Science 343, 864 (2014)
[2] Z. Wang et al., PRB 88, 125427 (2013); Z. Liu et al. Nat. Mat. 13, 677 (2014)
[3] G. Xu et al., Phys. Rev. Lett. 107,186806 (2011)
[4] H. Weng et al., Phys. Rev. X 5, 011029 (2015)
[5] H. Weng et al., arXiv:1411.2175
[6] R. Yu et al. arXiv:1504.04577
[7] H. Weng et al., MRS Bulletin 39, 849 (2014)

Thursday 11:45 h, Auditorium, Contributed S17 C3

Topological Tuning in Three Dimensional Dirac Semimetals

Awadhesh Narayan1, Domenico Di Sante2, Silvia Picozzi2, Stefano Sanvito1

1) School of Physics and CRANN, Trinity College, Dublin 2, Ireland 
2) CNR-SPIN L’Aquila, Italy 

A class of systems very close to topological insulators is that of three dimensional Dirac 
semimetals. Aimed by an ever growing interest in this class, we have studied the interplay 
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between bulk and surface Dirac fermions in the prototypical system Na3Bi. Since Na3Bi 
shows an inverted band character around the Fermi level, one expects it to form surface 
states when confined into a two-dimensional geometry, similar to a topological insulator. 
Therefore, we studied the evolution of the spectrum of Na3Bi films oriented along the [010] 
surface, as a function of their thickness. Moreover, by combining density functional theory 
with the coherent potential approximation, we revealed a topological phase transition in 
Na3Bi1-xSbx and Cd3[As1-xPx]2 alloys, where the material goes from a Dirac semimetal to a 
trivial insulator. Tuning the composition allowed us to engineer the position of the bulk Dirac 
points in reciprocal space. Our results suggested that the phase transition coincides with the 
reversal of the band ordering between the conduction and valence bands. This can be 
related to the concomitant transition in the surface state spectrum.
[1] A. Narayan, D. Di Sante, S. Picozzi & S. Sanvito, Phys. Rev. Lett. 113, 256403 (2014)

Thursday 12:00 h, Auditorium, Invited S17 I4

Unexpected topological phases in topological insulators and in 
transition metals

Jürgen Henk1, Tomáš Rauch1, Steven Achilles1, Markus Flieger1, Ingrid Mertig1

1) Martin Luther University Halle-Wittenberg 

In the recent past, Z2 topological insulators and topological crystalline insulators have been 
established as new and exciting classes of materials. Prominent systems are HgTe, the Bi 
chalcogenides, and SnTe.

In this presentation I report on our recent theoretical investigations of topological systems 
with surprising results.

First, I shall show that the spin chirality of the topological nontrivial surface states in 
HgTe1-xSx alloys can be reversed by moderate strain and alloy concentration x. On top of 
this, we observe a Dirac semimetal and a Weyl semimetal phase.

Second, I am going to discuss a Dirac-type surface state which shows up at the W(110) 
surface. It turns out that this state is caused by the topological crystalline nature of slightly 
strained bcc(110) transition metals: W, Ta, Nb, and Mo.

These findings call for experimental verification and extend significantly the „topological 
playground“ in applications.



Ψk-2015

168 Abstracts of  Inv i ted and Contr ibuted Talks

Thursday 12:30 h, Auditorium, Contributed S17 C4

New type of Weyl semimetals with a material illustration

Alexey Soluyanov1, Dominik Gresch1, Zhijun Wang2, QuanSheng Wu1, Matthias 
Troyer1, Xi Dai3, Andrei Bernevig2

1) Institute for Theoretical Physics, ETH Zurich 
2) Department of Physics, Princeton University 
3) IOP, Chinese Academy of Sciences 

Standard Weyl and Dirac topological semimetals (TSM) have point-like Fermi surface. We 
reporta novel TSM state with a new type of Weyl points, for which this standard picture 
breaks down. General conditions for such Weyl points to emerge are presented. A real 
material example of this new TSM phase is also provided. Topological Lifshits transitions, 
topological surface states and surface Fermi arcs are also discussed, as well as anomalous 
magnetic field response in this material are described in details. 

Thursday 12:45 h, Auditorium, Contributed S17 C5

Topological surface states of the Heusler topological insulators

Shu-Chun Wu1, Claudia Felser1, Binghai Yan2

1) Max Planck Institute for Chemical Physics of Solids, D-01187 Dresden, Germany 
2) Max Planck Institute for Chemical Physics of Solids, D-01187 Dresden, Germany; Max Planck 

Institute for Physics of Complex Systems, D-01187 Dresden, Germany 

Many Heusler compounds were theoretically predicted to be topological insulators (TIs) with 
multi-functionalities such as the noncentrosymmetric superconductivity. However, the 
existence of their topological surface states still remains elusive. We have performed 
systematical ab initio band structure calculations for Heusler TI compounds YPtBi, LaPtBi 
and LuPtB and successfully revealed their topological surface states. Diferent from a 
common TI where the topological states exist near the Fermi energy, Heusler topological 
surface states appear inside the deep valence bands due to the lack of a bulk energy gap. 
Trivial surface states exist across the Fermi energy with giant Rashba spin split, which can 
be attributed to surface dangling bonds. Our work explains why previous ARPES failed to 
detect the topological surface states at the Fermi energy and present a guidance for future 
experiments to address the topological states unambiguously.
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Symp. 18: Electrochemical Energy Storage and Conversion: 
Solid/Liquid Interfaces

Organized by Marialore Sulpizi, Marie-Pierre Gaigeot, Axel 
Gross, Kevin, Xingao Gong Leung
Monday 10:30–18:30 h, Room 8+9

Monday 10:30 h, Room 8+9, Invited S18 I1

Interface Electrochemistry in Li-Materials: A First Step towards 
Multiscale Modeling

Marie-Liesse DOUBLET1, Anne-Laure DALVERNY1, Jean-Sébastien FILHOL1, Rémi 
KHATIB1

1) CNRS, Université Montpellier - Institut Charles GERHARDT 

One challenging topic in electrode materials for Li-Ion batteries is the study of redox reactions 
combining phase transformations associated with significant chemical and electronic 
modifications and surface/interface phenomena. Conversion reactions are prototypes for 
such complex investigations. [1] They proceed through a full decomposition of the starting 
single-phase electrode (e.g. CoO) into a nano-composite electrode made of metallic nano-
particles (Co) embedded into a lithium oxide matrix (Li2O). Compared to insertion reactions, 
conversion reactions allow for (at least) doubling the electrode capacity. They are however 
associated with a dramatic voltage hysteresis which is of course damaging for the device 
energetic balance. We present a new methodology based on a multi-interface superlattice 
approach to investigate interface electrochemistry in conversion reactions, through first-
principles DFT+U calculations. [2] 

[1] P. Poizot, S. Laruelle, S. Grugeon, L. Dupont and J.-M. Tarascon, Nature, 2000, 407, 496.
[2] A.-L. Dalverny, J.-S. Filhol, M.-L. Doublet J. Mater. Chem., 2011, 21, 10134–10142

Monday 11:00 h, Room 8+9, Contributed S18 C1

Ion insertion into layered transition metal oxides for batteries: 
Insight from van der Waals density functional

Carrasco Javier1

1) CIC Energigune 

Layered transition metal oxides (LTMOs) can intercalate small ions into their structure, 
making them effective electrodes for batteries. There is therefore a strong technological 
interest on developing new generations of this class of compounds. Density functional theory 
(DFT) is helping in this quest; however, conventional DFT approaches have serious 
shortcomings to treat van der Waals (vdW) forces; vdW interactions are indeed a crucial 
structural ingredient to describe LTMOs. This casts a shadow over the descriptive capabilities 



Ψk-2015

170 Abstracts of  Inv i ted and Contr ibuted Talks

of DFT when applied to these materials. Recent exciting developments in DFT allow us now 
to tackle this problem head on.

Here we employed vdW-inclusive methods based on nonlocal density functionals [1] to 
thoroughly explore the role of vdW forces in key thermodynamic and kinetic properties of 
alkali and alkaline-earth ion insertion into V2O5 [2]. We find that vdW forces stabilize inserted 
ions and, therefore, increase cell voltages compared to conventional density functionals. 
Moreover, ion diffusion energies significantly increase as a consequence of vdW interactions. 
These results highlight the relevance of vdW forces to ion intercalation and dynamics in 
LTMOs. 

[1] J. Klimes et al. Phys. Rev. B 83, 19531 (2011).
[2] J. Carrasco, J. Phys. Chem. C 118, 19599 (2014).

Monday 11:15 h, Room 8+9, Contributed S18 C2

A Generalized Poisson and Poisson-Boltzmann solver in wet-
environments electronic-structure calculations

Giuseppe Fisicaro1, Luigi Genovese2, Stefan Goedecker1

1) Department of Physics, University of Basel, Klingelbergstrasse 82, 4056 Basel, Switzerland 
2) Laboratoire de simulation atomistique (L_Sim), SP2M, INAC, CEA-UJF, Grenoble, F-38054, 

France 

The computational study of chemical reactions in complex, wet environments is critical for 
applications in many fields. It is often essential to study chemical reactions in the presence 
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of an applied electrochemical potentials, taking into account the complex electrostatic 
screening coming from the solvent and the electrolytes. In the present work we present a 
solver to handle both the Generalized Poisson (GPe) and the Poisson-Boltzmann (PBe) 
equation. A Preconditioned Conjugate Gradient (PCG) method has been implemented for 
the GPe and the linear regime of the PBe, allowing to solve iteratively the minimization 
problem with some ten iterations. On the other hand, a self-consistent procedure enables us 
to solve the Poisson-Boltzmann problem. The algorithms take advantage of a preconditioning 
procedure based on the BigDFT Poisson solver for the standard Poisson equation [1]. They 
exhibit very high accuracy and parallel efficiency, and allow different Boundary conditions, 
including surfaces. The solver has been integrated to the BigDFT main electronic-structure 
package [2] and it will be released as a independent program, suitable for integration in other 
codes.
[1] L. Genovese, T. Deutsch, A. Neelov, S. Goedecker, and G. Beylkin J. Chem. Phys. 125, 074105 

(2006)
[2] www.bigdft.org

Monday 11:30 h, Room 8+9, Invited S18 I2

Probing molecular processes at water-insulator interfaces

Adam Foster1

1) COMP, Dept. of Applied Physics, Aalto University, Helsinki, Finland 

Surface science techniques, and particularly high-resolution Scanning Probe Microscopy 
(SPM) approaches, now offer unprecedented levels of understanding and control of solid/
vacuum interfaces. By contrast, the physics of liquid/solid interfaces is less developed, 
although it is often more relevant for real-world applications. It is important in such diverse 
fields as heterogeneous catalysis, next generation battery technology and corrosion. The 
solid/liquid interface is also particularly relevant to biological systems, where measurements 
are made in physiological conditions.

In this work we review our general approach for simulating high resolution scanning probe 
microscopy for solid-liquid interfaces, but then introduce recent results combining first 
principles and atomistic simulation approaches to study how water interacts with different 
insulating surfaces, providing atomic-scale insight into hydration structures [1], dissolution 
[2] and high-resolution imaging. In particular, we consider the interplay on enthalpy and 
entropy in 3D imaging of calcite, and then we study the complex reconstruction of the SrTiO3 
surface, and how it influences the hydration structure and resulting AFM images.
[1] J. Chem. Theo. Comp. 9 (2013) 600; J. Phys. Chem. 118 (2014) 2058; Phys. Rev. Lett. 114 (2015) 

095502.
[2] Phys. Chem. Chem. Phys. 16 (2014) 22545; Phys. Chem. Chem. Phys. 16 (2014) 17437
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Monday 12:00 h, Room 8+9, Contributed S18 C3

Formation Energy of Halide ions (Cl/Br/I) in water from ab-initio 
Molecular Dynamics

Anoop Kishore Vatti1, Mira Todorova1, Jörg Neugebauer1

1) Max-Planck-Institut für Eisenforschung GmbH 

Identifying theoretical concepts that allow to accurately and computationally efficiently 
reproduce the complex atomic and electronic structure of liquid water on the microscopic 
level is crucial to describe and understand properties of and processes occurring in electro-
chemical and biological systems. Performing extensive ab-initio molecular dynamics 
simulations we study the solvation of charged and neutral halide (Cl/Br/I) ions in water. 
Structural correlations and electronic properties of the studied ions are analyzed and 
compared to experimental observations. Aligning the water band edges on an absolute scale 
allows us to benchmark calculated formation energies and transition states, and compare 
them to experiment [1]. For the calculated charge transfer-to-solute states (CTTS)/transition 
levels for the halide ions in water we find a good agreement with photo-emission experiments 
[2].
[1] M. Todorova and J. Neugebauer, Phys. Rev. Applied 1, 014001 (2014).
[2] B. Winter et al., JACS 127, 7203 (2005).

Monday 15:15 h, Room 8+9, Contributed S18 C4

Ab initio molecular dynamics simulations of the water feldspar 
interface

Philipp Pedevilla1,2, Stephen J. Cox1,2, Ben Slater1,2, Angelos Michaelides1,2

1) Thomas Young Centre and London Centre for Nanotechnology, London, U.K. 
2) Department of Chemistry, University College London, London, U.K. 

Feldspars are the most common rock-forming minerals in Earth’s crust. They are also readily 
found in our atmosphere in the form of dust particles. Due to their ubiquity, feldspars are of 
big interest to the geological and atmospheric science community. Especially the feldspar - 
water interface is of particular importance. Processes such as rock weathering [1] and ice 
nucleation in the atmosphere [2] crucially depend on the physical and chemical details of 
that interface. We here investigate the interface between feldspar and water to understand 
how water interacts with it on an atomistic length scale. To do so we use ab-initio molecular 
dynamics simulations. A careful analysis of the reactivity of water molecules with different 
chemical entities on the surface allows us to compare our ab-initio results with classical 
approaches such as the ClayFF forcefield and coarse grained models. The different 
approaches enable us to get far reaching insight, which we put into context with experimental 
findings concerning the reactivity of feldspar in aqueous conditions.
[1] Yang Y., Min Y., Lococo J., Jun Y., Geochim. Cosmochim. Acta, 126, 574, 2014.
[2] Atkinson J. D., Murray B. J., Woodhouse M. T., Whale T. F., Baustian K. J., Carslaw K. S., Dobbie 

S., O’Sullivan D., Malkin T. L., Nature, 498, 355, 2013.
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Monday 15:30 h, Room 8+9, Invited S18 I3

Structure of electrochemical interfaces for energy storage studied 
from first principles

Axel Gross1

1) Institute of Theoretical Chemistry, Ulm University, and Helmholtz Institute Ulm, D-89069 Ulm/
Germany 

In spite of its technological relevance in the energy conversion and storage, our knowledge 
about the microscopic structure of electrochemical electrode-electrolyte interfaces is still 
rather limited. This is particularly true for electrochemical interfaces in batteries which 
typically exhibit an ill-defined structure [1].

In this contribution, we will present our attempts to contribute to, to a deeper understanding 
based on electronic structure calculations by systematically increasing the complexity of the 
considered systems.

We will discuss the surface structures of both anode and cathode materials. Dendrite 
growth in Lithium-ion batteries represents a severe problem as it can lead to short-circuits in 
the battery, rapid overheating and sometimes even fire. Magnesium, on the other hand, 
does apparently not show a tendency towards dendrite growth. We have focused on basic 
metal properties in order to understand these difference between Li and Mg [2].

Furthermore, we address the stability of oxidic cathode materials.
They can exhibit polar surfaces which can be sometimes surprisingly stable due to a 

polarity compensation mechanism [3]. Finally, the challenges in modeling electrode/
electrolyte interfaces [1] will be discussed, in particular as far as liquid electrolytes are 
concerned.
References:
[1] N. Hörmann, M. Jäckle, F. Gossenberger, T. Roman, K. Forster-Tonigold, M. Naderian, S. Sakong, 

and A. Groß, J. Power Sources 275, 531 (2015).
[2] M. Jäckle and A. Groß, J. Chem. Phys. 141, 174710 (2014).
[3] N. Hörmann and A. Groß, ChemPhysChem 16, 2058 (2014).

Monday 16:00 h, Room 8+9, Invited S18 I4

Supercell modelling of charged oxide electrolyte interfaces

Michiel Sprik1, Chao Zhang1, Jun Cheng1

1) Department of Chemistry, University of Cambridge 

Atomistic modelling of an electrical double layer (EDL) at solid/electrolyte interfaces is a 
challenge for methods based on supercells as commonly used for condensed phase 
simulation. The electrostatic potential due to the net dipole of an EDL seems incompatible 
with 3D cell periodicity. The problems become even more serious when the solid is a 
semiconductor because of the poor screening in the solid. In this talk we outline our attempts 
to overcome these difficulties focusing on metal oxide water interfaces. The first method is a 
semi-empirical scheme combining atomistic calculation of “intrinsic” equilibrium constants 
(acidities, ionization and adsorption free energies)[1] for charge neutral surfaces with an 
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analytical adsorption isotherm extrapolating to finite surface charge. In the second method 
we do in fact simulate an EDL under periodic boundary conditions. We will argue that this 
system is not an artefact after all but can be viewed as a short circuit “wet” nano capacitor.
[1] J Cheng, X Liu, JA Kattirtzi, J VandeVondele, M Sprik, Angewandte Chemie -International Edition 

(2014) 53, 12046.

Monday 16:30 h, Room 8+9, Contributed S18 C5

The electrostatic double layer of Pt/water interfaces from first 
principles molecular dynamics

Clotilde Cucinotta1, Stefano Sanvito1

1) Trinity College Dublin 

The formation of the electrostatic double layer (DL) is the most basic phenomenon taking 
place at electrified interfaces. However, even in the relatively simple case of a Pt-water 
interface a realistic description of the equilibrium structure of this DL - accounting for 
electronic, polarization and solvent reorganization effects – is still missing. In this talk I will 
present dynamical model based on first principles, which extends previous schemes to 
simulate charged electrodes, providing a realistic dynamical picture of DL and capacitance 
of a prototypic Pt-water interface and its response to a potential applied to the cell. 
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Monday 16:45 h, Room 8+9, Invited S18 I5

Electrochemistry from the perspective of semiconductor defect 
chemistry: New tools and insights

Mira Todorova1, Joerg Neugebauer1

1) Max-Planck-Institut fuer Eisenforschung 

Theoretical and modelling concepts in semiconductor defect chemistry and electrochemistry 
have hugely evolved over the last years and are crucial for their respective fields such as 
optoelectronics and semiconductor devices or corrosion and battery materials. Recently, we 
developed an approach which is based on a fully grand-canonical description of both ions 
and electrons and unifies and “translates” theoretical concepts of these two fields [1].

Our method links ab initio calculations quite naturally to experimental observables such 
as the pH-scale and the electrode potential, provides surprising new insight into apparently 
”old” problems such as water stability, opens new routes to construct electrochemical phase 
(Pourbaix) diagrams, and gives a handle to an absolute alignment of electrochemical 
potentials. Utilising the gained insight, we discuss the impact an electrochemical environment 
has on the electronic structure of a semiconducting electrode, by constructing defect stability 
phase diagrams, which depict the dominant native point defects, for ZnO and water. These 
enable us to identify areas of interest in the context of electrochemical applications and 
specify which point defects within the bulk of the semiconducting material will be influenced 
by the electrochemical environment and impact the properties and stability of the solid [2].
[1] M. Todorova and J. Neugebauer, Phys. Rev. Applied. 1, 014001 (2014).
[2] M. Todorova and J. Neugebauer, Faraday Discussions Corrosion Chemistry (2015) doi:10.1039/

c4fd00238e.

Monday 17:15 h, Room 8+9, Invited S18 I6

Water Study at Surface and Interface

Enge Wang1

1) School of Physics, Peking University and Chinese Academy of Sciences, China 

Despite a solid or a liquid water being a ubiquitous substance, it is surprising that some basic 
questions are still debated. Here using a combination of experimental (cryogenic STM) and 
theoretical (first-principle electronic structures and molecular dynamics) methods, we 
systematically studied the unusual structure and dynamics of ice surface at atomic scale, 
and the molecular imagining, clustering and proton transfer mechanisms of water on salt. 
First, an order parameter, which defines the ice surface energy, is identified. We predict that 
the proton order-disorder transition, which occurs in the bulk at ~72 K, will not occur at the 
surface at any temperature below surface melting. In addition, we find that the surface of 
crystalline ice exhibits a higher than expected concentration of vacancies at the external 
layer that may contribute to the phenomenon of pre-melting and quasi-liquid layer formation. 
Second, a STM molecular imaging mechanism based on a subtle control over the tip-
molecule coupling is proposed, which allows a sub-molecular level resolution for water. A 
concerted proton tunneling mechanism is studied within the water tetramer, which is the 

http://www.bigdft.org/
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basic unit to form an extended 2D ice layer by bridging water molecules on NaCl (001). 
These results shed light on our understanding of water at surface and interface.

Monday 17:45 h, Room 8+9, Contributed S18 C6

Structure and charge transfer at the hematite(001)-water interface 
from all-QM DFT molecular dynamics

Guido von Rudorff1, Kevin Rosso1, Jochen Blumberger1

1) University College London, Department of Physics and Astronomy 

Hematite (Fe2O3) has attracted much attention as anode material for photoelectrochemical 
water splitting for many years. However, the atomistic surface structure of the material in 
contact with liquid water and the nature of the excess hole that oxidizes water are not well 
understood.

Our aim is to characterize these properties using large-scale all-QM DFT molecular 
dynamics simulation of the hematite(001)-water interface. The complex electronic structure 
of haematite and the large system sizes required to model a realistic aqueous interface 
make this work extremely challenging, in particular in terms of the computational resources 
required.

We found that a modified HSE06 functional containing 12% exact exchange reproduces 
electronic and geometric properties with relatively high accuracy, in particular the 
antiferromagnetic and band ordering. The terminating surface hydrogens are arranged in an 
unexpected, alternating pattern, 1 proton shared between two surface oxygens and 1 proton 
protruding in the aqueous solution. These protons are found to easily dissociate from the 
hematite surface upon injection of an excess hole in the hematite layer giving a possible 
explaining why water splitting experiments are typically carried out at very high pH.

Finally, we outline a possible way to compute charge transfer rates across such interfaces 
from “first principles” all-QM DFT molecular dynamics.

Monday 18:00 h, Room 8+9, Invited S18 I7

Modeling the Voltage Dependence of Electrochemical Reactions 
at Solid-Solid and Solid-Liquid Interfaces in Batteries

Kevin Leung1

1) Sandia National Laboratories 

Electrochemical reactions at electrode/electrolyte interfaces are critically dependent on the 
total electrochemical potential or voltage. In this presentation, we briefly review ab initio 
molecular dynamics (AIMD)-based estimate of voltages on graphite basal and edge planes, 
and then apply similar concepts to solid-solid interfaces relevant to lithium ion and Li-air 
batteries. Thin solid films on electrode surfaces, whether naturally occuring during power 
cycling (e.g., undesirable lithium carbonate on Li-air cathodes) or are artificially introduced, 
can undergo electrochemical reactions as the applied voltage varies. Here the onset of 
oxidation of lithium carbonate and other oxide thin films on model gold electrode surfaces is 
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correlated with the electronic structure in the presence/absence of solvent molecules. Our 
predictions help determine whether oxidation first occurs at the electrode-thin film or 
electrolyte-thin film interface. Finally, we will critically compare the voltage estimate 
methodology used in the fuel cell community with the lithium cohesive energy calibration 
method broadly applied in the battery community, and discuss why they may yield different 
predictions.

Sandia National Laboratories is a multiprogram laboratory managed and operated by 
Sandia Corporation, a wholly owned subsidiary of Lockheed Martin Corporation, for the 
U.S.~Deparment of Energy\’s National Nuclear Security Administration under contract DE-
AC04-94AL85000.
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Symp. 19: Materials Design
Organized by Nicola Marzari

Monday 10:00–17:00 h, Chamber Hall

Monday 10:00 h, Chamber Hall, Invited S19 I1

The Materials Project: Accelerated Materials Design in the 
Information Age

Kristin Persson1

2) 1) LBNL 

The Materials Project (www.materialsproject.org) – part of the broader Materials Genome 
Initiative - is an effort to compute the properties of all known inorganic materials and beyond, 
and offer that data to the community together with online analysis and design algorithms. 
The current release contains data derived from density functional theory (DFT) calculations 
for over 60,000 materials, each with searchable associated properties such as relaxed 
structure, electronic state, energy storage capability, aqueous and solid stability, and more. 
Furthermore, software algorithms are offered by the Materials Project and can be used by 
researchers for materials informatics, including both interactive web-based tools like the 
Phase Diagram App and the Pourbaix App, as well as open-source codebases and data 
access tools such as the pymatgen materials analysis library,2 FireWorks workflow software,3 
and Materials API. Today – 4 years after launch, the Materials Project is driving materials 
innovation in broad chemical and structure spaces, for applications as varied as energy 
storage, energy production, thermoelectricity, transparent conductors, materials synthesis 
conditions etc. This talk will highlight the development of the Project, its growth attracting 
more than 13,000 users and a few of the many projects that have been successfully 
concluded or are being pursued using the capabilities and materials understanding that has 
emerged from our approach of data informed materials design. Such projects are i) stability 
of inorganic materials in aqueous electrolytes for battery, fuel cell and catalysis applications, 
and design principles for ii) novel multivalent intercalation cathode discovery and iii) 
electrolytes.

Monday 10:30 h, Chamber Hall, Invited S19 I2

The ADES model and the AiiDA infrastructure for Computational 
Materials Science

Giovanni Pizzi1, Andrea Cepellotti1, Boris Kozinsky2, Nicola Marzari1

1) Theory and Simulation of Materials (THEOS) and National Centre for Computational Design and 
Discovery of Novel Materials (MARVEL), EPFL, CH 

2) Research and Technology Center, Robert Bosch LLC, Cambridge (MA), USA 

Thanks to the advances in simulation codes and the increase in computational power, 
“Materials by design” has become a powerful approach in Materials Science. This approach 
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often requires to run large numbers of simulations and to build databases of computed 
properties. A key challenge is the need to automatically prepare, execute and monitor 
workflows of calculations, and then retrieve and store the results in a format easy to browse 
and query. Such materials\’ informatics platform should offer a fast learning curve, and 
encourage sharing of codes, results and workflows. After having enshrined these needs in 
the four “ADES” pillars of Automation, Data, Environment, and Sharing, we have implemented 
them in the open-source AiiDA platform (http://www.aiida.net), whose design, based on 
directed acyclic graphs, aims at guaranteeing provenance, preservation, and searchability 
of heterogeneous data. Practical applications will be discussed to show how research can 
be accelerated by encoding the scientists\’ expertise into “turn-key solutions” to calculate 
material properties, and how the storage of the full data provenance helps in identifying 
descriptors to predict the occurrence of physical properties without the need to resort to first-
principles simulations.

Monday 11:00 h, Chamber Hall, Contributed S19 C1

Bringing DFT codes back to the testbench: what did we learn? 

Kurt Lejaeghere1, Veronique Van Speybroeck1, Stefaan Cottenier1

1) Center for Molecular Modeling, Ghent University 

We take it for granted that two independently written DFT codes make ̀ identical\’ predictions 
in identical situations. However, as soon as you look a bit closer on this assumption, many 
questions pop up: If this is really straightforward, why aren\’t there papers in the literature 
that document this? It\’s easy (?) to define `identical situations\’, but how does one define 
`identical predictions\’? Which kind of disagreements are acceptable, and which not? Etc.

In this contribution, we will report about an ongoing community-wide effort to run the 
same benchmark set with different DFT codes, pseudopotential sets or PAW projectors. The 
overall trends and conclusions will be listed, and ways to make further progress will be 
discussed.

Monday 11:15 h, Chamber Hall, Contributed S19 C2

Efficient first-principles based screening for high charge carrier 
mobility in organic crystals

Christoph Schober1, Karsten Reuter1, Harald Oberhofer1

1) Lehrstuhl für Theoretische Chemie, TU München 

In organic electronics, charge carrier mobility is a key performance parameter. Due to the 
complex manufacturing processes of e.g. organic field effect transistors (OFETs) measured 
mobilities are often heavily affected by the device preparation. This masks the intrinsic 
materials properties and therewith hampers the decision whether further device optimization 
for a given organic molecule is worthwhile or not. Within hopping models based e.g. on 
Marcus theory the intrinsic mobility can be reliably calculated from first principles. We 
developed a fast and efficient protocol with a descriptor based on Marcus theory to assess 
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the expected performance of organic materials for application in organic electronic devices. 
We obtain good correlations to fully calculated mobilities, as well as to experimental data. 
Applying this protocol to experimental structures of organic crystals obtained from the 
Cambridge Structural Database (CSD), we screened about 40000 structures employing only 
first principle methods. While it is not surprising that the better part of these structures show 
only negligible performance, we were able to identify a number of promising candidates for 
more in-depth theoretical and experimental studies.

Monday 11:30 h, Chamber Hall, Invited S19 I3

Structure searching and anharmonic vibrations

Richard Needs1, Chris Pickard2, Neil Drummond1, Bartomeu Monserrat1, Jonathan 
Lloyd-Williams1, Pablo Lopez Rios1, Nicholas Worth1, Agnes Dewaele3, Sakura 
Pascarelli4, Olivier Mathon4, Mohamed Mezouar4, Tetsuo Irifune5

1) University of Cambridge, UK 
2) University College London, UK 
3) University of Lancaster, UK 
4) CEA, DAM, DIF, F-91297 Arpajon, France 
5) European Synchrotron Radiation Facility, BP220, 38043 Grenoble Cedex, France 

Searching for new structures of materials using first-principles methods is a booming field. 
However, many new structures are still waiting to be found, and further searches could lead 
to the understanding and hopefully synthesis of many new materials. The Ab Initio Random 
Structure Searching (AIRSS) method [1,2] is a particularly simple and powerful approach. In 
particular I will discuss results for hydrogen at high pressures [3,4,5] and the stability of 
xenon oxides [6]. I will also describe a new method for predicting structures that are stabilised 
by anharmonic zero-point and/or thermal vibrational motions. This approach has led us to 
discover new structures that are stable at saddle points of the static lattice potential energy 
surface [7].
[1] C.J. Pickard and R.J. Needs, Phys. Rev. Lett. 97, 45504 (2006).
[2] C.J. Pickard and R.J. Needs, J. Phys.: Condens. Matter Topical Review, 23, 053201 (2011)
[3] C.J. Pickard and R.J. Needs, Nature Physics 3, 473 (2007)
[4] C.J. Pickard, Miguel Martinez-Canales, and R.J. Needs, Phys. Rev. Lett. 110, 245701 (2013)
[5] N.D. Drummond et al., unpublished
[6] A. Dewaele, et al., unpublished
[7] B. Monserrat, C.J. Pickard, and R.J. Needs, unpublished

Monday 12:00 h, Chamber Hall, Invited S19 I4

Evaluation of thermoelectric descriptors

Georg K. H. Madsen1

6) CMD, ICAMS, Ruhr-Universität Bochum, German

The thermoelectric powerfactor can be optimized by controlling the carrier concentration and 
the electronic band structure. Based on the recent computational discovery of favorable 
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thermoelectric performance in the commercially viable and environmentally friendly Ag: SnS, 
we discuss how doping limits can be computationally screened. The surprising results for Li 
doping will be rationalized based on data made available through on-line repositories. [2] It 
will furthermore be shown how the joint application of defect thermodynamics and 
combinatorial sputtering can unravel self-doping effects in half-Heusler alloys.

Taking a step beyond known compounds, a material design strategy to optimize the 
thermoelectric power factor based on band alignment upon a controlled volume change, is 
presented. [2] The volume change can be obtained by thermal expansion thermodynamically 
stable alloys is introduced.

Finally, it is shown how the lattice thermal conductivity can be rapidly and reliably screened 
based on the quasi harmonic approximation. [3] The model is validated on a high-throughput 
dataset and the good performance is related to the definition of the mode-averaged Grüneisen 
parameter. [4]
[1] S. Batthacharya et al. Phys. Chem. Chem. Phys. 17 9161 (2015)
[2] S. Batthacharya et al. Phys. Rev. B 92, 085205 (2015)
[3] L. Bjerg et al Phys. Rev. B., 89 024304 (2014)
[4] G. K. H. Madsen et al submitted

Monday 12:30 h, Chamber Hall, Contributed S19 C3

Which Heusler Alloy distorts?

Thomas Archer1, Stefano Sanvito1

1) School of Physics and CRANN, Trinity College Dublin, Ireland 

Modern technology has an insatiable appetite for hard magnets, which at present is satisfied 
by rare-earth-based compounds; unfortunately the price of these materials is extremely 
volatile, which inhibits technological advancement. We therefore need to consider other 
alternatives and the Heusler alloys family is one of the strongest contenders.

The Heusler structure consists of four interlaced FCC lattices. This cubic symmetry is not 
favourable to hard magnets, since the angular momentum is usually strongly quenched, 
leading to poor anisotropy. However several Heuslers have been reported to undergo a 
tetragonal distortion. Breaking the symmetry makes these materials much more promising 
for the development of new hard magnets and materials for spin torque application. However 
the mechanism behind the distortion is still unknown.

In this work we use High-throughput density functional theory to calculate the tetragonal 
distortion of 200,000 Heusler alloys and identify which materials distort. Several of our 
predictions have now been experimentally verified. In addition through data-mining we 
demonstrate that the mechanism for the distortion is triggered by a competition between 
Jahn-Teller and Stoner instability.
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Monday 12:45 h, Chamber Hall, Contributed S19 C4

Novel low-density silicon allotropes for photovoltaic applications

Maximilian Amsler1, Silvana Botti2, Miguel A.L. Marques3, Thomas J. Lenosky5, 
Stefan Goedecker4

1) Northwestern University, Evanston, USA 
2) Friedrich-Schiller-University, Jena, Germany 
3) Martin-Luther-University, Halle-Wittenberg, Germany 
4) Basel University, Switzerland 
5) San Jose, USA 

Sophisticated structure prediction methods have been developed and become essential 
tools when designing new materials with desired properties. Their successful applications to 
many systems at various conditions and the increasing amount of available computational 
power have strongly contributed to their popularity. However, an accurate prediction from 
calculations still remains an extremely challenging task.

The Minima Hopping Method is a powerful tool to find low energy structures given only 
the chemical composition of a system and allows the prediction of structures at any boundary 
condition. Recently, the algorithm was optimized to specifically investigate the hitherto barely 
explored low-density regime of the silicon phase diagram by imitating the guest-host concept 
of clathrate compounds. A variety of metastable phases were discovered with band gaps in 
the range of ≈1.0-1.8 eV, close to the optimal Shockley-Queisser limit of ≈1.4 eV, with a 
stronger overlap of the absorption spectra with the solar spectrum compared to conventional 
diamond silicon. Due to the structural resemblance to known clathrate compounds it is 
expected that the predicted phases can be synthesized for use in photovoltaic applications.
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Monday 15:00 h, Chamber Hall, Contributed S19 C5 

Fast and rational design of multifaceted catalysts by means of 
structure-sensitive scaling relations

Federico Calle-Vallejo1, David Loffreda1, Marc Koper2, Philippe Sautet1

1) Laboratoire de Chimie, ENS Lyon 
2) Leiden Institute of Chemistry, Leiden University 

Catalysis plays a prominent role in society, as it enables the production of countless chemical 
compounds and promises future clean and reliable energy solutions. However, numerous 
catalytic reactions are currently inefficient. Scaling relations between adsorption energies 
simplify the computational design of catalysts [1], as they have only two parameters: a slope 
and an offset [2-3]. However, they are currently restricted to low-index surfaces, so they 
cannot fully describe real multifaceted catalytic surfaces.

Here we incorporate structure sensitivity in scaling relations by examining the adsorption 
energies of *O and oxygenates (*ORi = *OH, *OOH, *OCH3) on twelve different facets of 
nine transition metals [4]. The resulting scaling relations show that the slope depends on 
electron-counting rules on the adsorbates and is surface independent [2-4]. Conversely, the 
offset depends on the coordination number of the surface [4]. Therefore, structure-sensitive 
scaling relations can be rapidly predicted using simple electron and nearest-neighbor 
counting rules and be used for the rational computational design of the composition and 
morphology of optimal catalysts.

[1] Norskov et al, Nat. Chem. 1, 2009.
[2] Abild-Pedersen et al, Phys. Rev. Lett. 99, 2007.
[3] Calle-Vallejo et al, Phys. Rev. Lett. 108, 2012.
[4] Calle-Vallejo et al, Nat. Chem. 7, 2015.
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Monday 15:15 h, Chamber Hall, Invited S19 I5 

Computational catalyst search and validation

Thomas Bligaard1

1) SLAC National Accelerator Laboratory 

Computational search for catalytic materials potentially offer a highly accelerated path 
towards addressing some of our time’s most pertinent technological and societal challenges. 
The systematic introduction of linear energy relations as a dimensionality reduction tool in 
catalyst searches lead to what is now referred to as the “descriptor-based search approach”. 
This approach has been successful in finding leads for novel heterogeneous catalysts and 
electro-catalysts. Many challenges still persist for the descriptor-based search approach to 
become a standard tool for “catalysts engineering”. Ways to improve the reliability of catalyst 
search studies will be discussed, including the introduction of adsorbate-adsorbate 
interactions in mean field microkinetics, corrections for systematic electronic structure errors, 
on known benchmarks, introducing uncertainty estimates, and establishing materials 
database infrastructure. [1]
[1] “Fundamental Concepts in Heterogeneous Catalysis”, Jens K. Nørskov, Felix Studt, Frank 

Abild-Pedersen, Thomas Bligaard, John Wiley & Sons, 2014

Monday 15:45 h, Chamber Hall, Invited S19 I6

Theoretical search for realizations of the quantum anomalous Hall 
state

David Vanderbilt1, Kevin F. Garrity2, Jianpeng Liu1, Hongbin Zhang3, Hua-Qing 
Huang4, Kristjan Haule1

1) Rutgers University, Piscataway, New Jersey, USA 
2) NIST, Gaithersburg, Maryland, USA 
3) TU Darmstradt, Germany 
4) Tsinghua University, Beijing, China 

Among topological insulator (TI) states, one of the conceptually simplest is the “quantum 
anomalous Hall” (QAH) or “Chern insulator” state in 2D, which can be regarded as the parent 
state out of which other TIs are built. A QAH system would exhibit a quantized Hall conductivity 
without the need for any external magnetic field, potentially even at room temperature. Only 
since 2013 have experimental realizations been demonstrated, but to date these are all based 
on thin films of magnetically doped TIs with gaps on the order of meV and quantized conductivity 
only in the sub-Kelvin range. In this talk I will review some of our attempts to design QAH 
systems that could exhibit bands gaps in the range of 100 meV and thus get closer to room-
temperature operation, focusing on strategies in which atomic-layer engineering is used to 
fabricate monolayer-scale structures at surfaces and interfaces. I will mention our first attempts 
involving heavy-atom overlayers on insulating magnetic substrates and rare-earth rocksalt 
surfaces, and then discuss more recent work on double-perovskite monolayers and on rare-
earth overlayers on CrSiTe3. I will end by discussing the prospects for experimental realization 
of such structures, which still presents many challenges.
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Monday 16:15 h, Chamber Hall, Contributed S19 C6

Design and screening of ionic and electronic conductors for 
energy application using new approximations and automation.

Boris Kozinsky1, Georgy Samsonidze1, Prateek Mehta1, Leonid Kahle1

1) Bosch Research, Cambridge MA 

Design of new functional materials relying on transport is complicated by the highly nonlinear 
sensitivity of conductivity to structural and composition changes. This makes brute-force 
screening impossible and requires the development of descriptors and efficient approximations 
to narrow down the space of possibilities. We will present novel approximations and data-
driven approaches developed for the discovery and design of solid battery electrolyte and 
thermoelectric materials.

Understanding the atomic-level origins of thermoelectricity is necessary for the design of 
higher-performing materials. By developing practical methods for computing intrinsic 
contribution to electron lifetimes from electron-phonon coupling, we are able to predict 
temperature and doping dependence of electronic transport properties in doped 
semiconductors. By performing rapid screening of new thermoelectric compositions we 
identify a new high-temperature thermoelectric material, that combines high measured 
efficiency and low cost. In energy storage, a promising path to next-generation safe high-
energy batteries is the introduction of inorganic solid electrolytes. We have characterized 
signatures of ionic conductivity of over 1000 crystals and proposed several structural and 
dynamical features that can help identify promising candidates. We present our approach to 
analyzing ionic dynamics, extracting and validating trends, and screening to discover new 
solid electrolytes.

Computational investigations are facilitated by a novel open-source software platform 
AiiDA that combines high-throughput automation with data management and analysis 
capabilities.
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Monday 16:30 h, Chamber Hall, Invited S19 I7

Materials Genome Approach to Computational Design of 
Nanostructured Thermoelectrics

Chris Wolverton1, J. Doak1, S. Hao1, Y. Zhang1

1) Dept. of Materials Science and Eng., Northwestern University, Evanston, IL (USA) 

Creating nanostructures within alloyed bulk thermoelectric materials can greatly decrease 
the lattice thermal conductivity of the material and sometimes increase the electronic power 
factor, thereby increasing the thermoelectric figure of merit (ZT). This nanostructuring 
paradigm has yielded ZTs upwards of 2 within PbTe-SrTe and similar materials. However, 
the rational design of thermoelectric alloys with even larger figures of merit will require a 
quantitative knowledge of the phase stability and electronic structure of nanoscale precipitates 
within a bulk phase. We demonstrate a first-principles computational approach that has 
helped, in conjunction with experimental efforts, to accelerate the discovery of more efficient 
thermoelectric materials. We give examples of how computations have provided key 
information about phase stability in these nanostructured systems, as well as thermodynamic 
and electronic properties of the matrix/nanostructure interfaces.1-6

References:
1) L.-D. Zhao, S.-H. Lo, Y. Zhang, H. Sun, G. Tan, C. Uher, C. Wolverton, V. Dravid and M. Kanatzid-

is, ”Ultralow thermal conductivity and high thermoelectric figure of merit in SnSe crystals”, Nature 
508, 373 (2014).

2) L.-D. Zhao, J. He, S. Hao, C.-I. Wu, T. P. Hogan, C. Wolverton, V. P. Dravid, and M. G. Kanatzidis, 
“Raising the Thermoelectric Performance of p-Type PbS with Endotaxial Nanostructuring and Va-
lence-Band Offset Engineering Using CdS and ZnS”, J. Amer. Chem. Soc. 134, 16327 (2012).

3) L.-D. Zhao, S. Hao, S.-H. Lo, C.-I Wu, X. Zhou, Y. Lee, H. Li, K. Biswas, T. P. Hogan, C. Uher, C. 
Wolverton, V. P. Dravid, and M. G. Kanatzidis, “High thermoelectric performance via hierarchical 
compositionally alloyed nanostructures” J. Am. Chem. Soc. 135, 7364 (2013).

4) L. D. Zhao, H. J. Wu, S. Q. Hao, C. I. Wu, X. Y. Zhou, K. Biswas, J. Q. He, T. P. Hogan, C. Uher, 
C. Wolverton, V. P. Dravid and M. G. Kanatzidis, “All-scale hierarchical thermoelectrics: MgTe in 
PbTe facilitates valence band convergence and suppresses bipolar thermal transport for high per-
formance”, Energy Environ. Sci. 6, 3346 (2013).

5) Y. Zhang, E. Skoug, J. Cain, V. Ozoliņš, D. Morelli, and C. Wolverton, “First-principles description 
of anomalously low lattice thermal conductivity in thermoelectric Cu-Sb-Se ternary semiconduc-
tors”, Phys. Rev. B 85, 054306 (2012).

6) J. W. Doak and C. Wolverton, “Coherent and incoherent phase stabilities of thermoelectric rocksalt 
IV-VI semiconductor alloys”, Phys. Rev. B 86, 144202 (2012).
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Symp. 20: Machine Learning Methods in Materials Modeling
Organized by Gabor Csanyi and Alex Tkatchenko

Part 1: Monday 17:00–18:30 h, Chamber Hall

Monday 17:00 h, Chamber Hall, Invited S20 I1

Learning descriptors from (big) data: robustness and causality

Luca M. Ghiringhelli1

1) Fritz Haber Institute of the MPG 

Statistical learning of materials properties or functions so far starts with a largely silent, non-
challenged step: the introduction of a set of descriptive parameter (a multidimensional 
descriptor). However, when the scientific relationship of the descriptor to the actuating 
mechanisms is unclear, causality of the learned descriptor-property relation is uncertain. 
Thus, scientific advancement, trustful prediction of new promising materials and identification 
of anomalies is doubtful. We discuss and analyze this issue and define requirements for a 
descriptor that is suited for statistical learning of materials properties and functions.

We show how a meaningful descriptor can be found systematically, by means of 
compressed sensing techniques, which allow for an unbiased and robust model selection 
among many competing descriptive models.

These concepts are demonstrated for solving problems in materials science: i) prediction 
of the relative stability of zincblende/wurtzite vs rocksalt octet binary semiconductors, and ii) 
prediction of their band gaps, by using simple atomic input and/or simple binding models 
(e.g., tight binding) for building the descriptor.

The causal character and predictive capability of the found descriptor(s) are discussed in 
terms of the robustness of the learned model with respect to perturbation applied to the data 
and cross validation.

The work is done in collaboration with Jan Vybiral (Charles University, Prague), Sergey 
Levchenko (FHI), Claudia Draxl (Humboldt University, Berlin), and Matthias Scheffler (FHI)

Monday 17:30 h, Chamber Hall, Contributed S20 C1

Molecular Network for Lubricant Optimisation

Filippo Federici Canova1,2, David Z. Gao3, Al-Moatasem El-Sayed3, Lasse Laurson2, 
Adam S. Foster2

1) Aalto Science Institute, Aalto University, P.O. Box 15500, FI-00076 Aalto, Finland 
2) COMP, Department of Applied Physics, Aalto University, P.O. Box 11100, FI-00076 Aalto, Finland 
3) Department of Physics and Astronomy, University College London, Gower Street, London WC1E 

6BT, United Kingdom 

Friction and wear are the main source of failure for any kind of machinery. As technology 
scales down towards nano-mechanical systems, their detrimental effects can seriously 
hamper the functionality of these devices. Searching for appropriate lubricant is often a 
daunting task, due to the wide range of possible compounds, and the cost of performing the 
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measurements. Predicting the performance of a lubricant could make the screening process 
of materials much faster and efficient, however, no simple model exists. 

Machine-learning has been widely used in computer science and recently also for 
chemical and physical problems, such as the prediction of quantum mechanical properties 
of molecules [1]. We propose a method to machine-learn how the viscosity of liquids correlate 
to their molecular structure from experimental data. The fluid is described by a graph neural 
network [2], encoding the chemical bond structure of its molecules. This is used to compute 
a state vector of arbitrary size for the fluid, that is fed to conventional neural networks for 
calculation of density, viscosity and other properties simultaneously.
[1] K. Hansen, et al., J. Chem. Theor. Comput., 9, 3404, 2013
[2] F. Scarselli, et al., Neural Networks, 20, 61, 2008

Monday 17:45 h, Chamber Hall, Contributed S20 C2

Robust crystal-structure prediction with structure maps

Thomas Hammerschmidt1, Arthur Bialon1, Ralf Drautz1

1) ICAMS, Ruhr-University Bochum, Germany 

The prediction of the crystal structure of a material from only its chemical composition is one 
of the key challenges in materials design. We use a cluster analysis of experimentally 
observed crystal structures and derive structure maps with a predictive power comparable 
to standard density-functional theory calculations. In particular, we present a three-
dimensional structure map for compounds that contain sp-block elements and transition 
metals in arbitrary composition. The structure map predicts the correct crystal structure with 
a probability of 86% and has a confidence of 98% that the correct crystal structure is among 
three predicted crystal structures. The three descriptors that span the structure map are 
physically intuitive functions of the number of valence electrons, the atomic volume and the 
electro-negativity of the constituent elements. We demonstrate that the identified descriptors 
remain valid for off-stoichiometric compounds and that they separate binary and ternary 
crystal-structure prototypes. We test the structure map against standard density-functional 
theory calculations for 1:1 sp-d-valent compounds and demonstrate that our three-parameter 
model has comparable predictive power.

Monday 18:15 h, Chamber Hall, Invited S20 I2

Machine Learning Methods for the Rapid Yet Accurate Sampling 
of Chemical Compound Space

Anatole Von Lilienfeld1

1) University of Basel 

Many of the most relevant chemical properties of matter depend explicitly on atomistic 
details, rendering a first principles approach mandatory. Alas, even when using high-
performance computers, brute force high-throughput screening of compounds with electronic 
structure theory is beyond any capacity for all but the simplest systems and properties due 
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to the combinatorial nature of chemical space, i.e. all the compositional, constitutional, and 
conformational isomers. Consequently, efficient exploration algorithms should exploit all 
implicit redundancies present in high-throughput approaches. In this talk, I will describe 
recently developed statistical approaches for interpolating (Kriging) quantum mechanical 
observables in composition space. Examples will be presented for predicting properties of 
out-of-sample molecules and solids with high accuracy and small computational cost.



Ψk-2015

190 Abstracts of  Inv i ted and Contr ibuted Talks

Symp. 20: Machine Learning Methods in Materials Modeling
Organized by Gabor Csanyi and Alex Tkatchenko

Part 2: Tuesday 10:00–11:30 h, Chamber Hall

Tuesday 10:00 h, Chamber Hall, Invited S20 I3

Neural Network Potentials for Large-Scale Molecular Dynamics 
Simulations

Joerg Behler1

1) Ruhr-Universitaet Bochum, Germany 

In recent years artificial neural networks (NNs) have become a useful tool to construct high-
dimensional potential-energy surfaces for a variety of systems [1-3]. Due to their very flexible 
functional form they are able to represent a set of reference data obtained from electronic 
structure calculations with very high accuracy. On the other hand, they enable to significantly 
extend the length and time scales of molecular dynamics (MD) simulations.

Here we present recent developments in the construction of high-dimensional NN 
potentials. Further, the capabilities of the method are illustrated by applications to liquid 
water [4], the most important solvent in chemistry. By constructing a set of NN potentials 
based on DFT employing different exchange-correlation functionals, we are able to 
investigate the properties of water that are obtained from different functionals, but which to 
date have not been accessible from first principles due to the high computational costs of ab 
initio MD. Moreover, the role of dispersion corrections to commonly employed GGA exchange 
correlation functionals is discussed. Finally, first results for the simulation of solid-liquid 
interfaces are presented.
[1] J. Behler, M. Parrinello, Phys. Rev. Lett. 98 (2007) 146401.
[2] J. Behler, Phys. Chem. Chem. Phys. 13 (2011) 17930.
[3] J. Behler, J. Phys.: Condens. Matter 26 (2014) 183001.
[4] T. Morawietz, A. Singraber, C. Dellago, J. Behler, to be published (2015).

Tuesday 10:30 h, Chamber Hall, Contributed S20 C3

First principles interatomic potentials via compressed sensing

Atsuto Seko1, Akira Takahashi1, Isao Tanaka1

1) Department of Materials Science and Engineering, Kyoto University 

Interatomic potentials have been widely used to accelerate atomistic simulations such as 
molecular dynamics for a long time. Recently, frameworks to build an accurate interatomic 
potential were proposed, combining a systematic set of density functional theory (DFT) 
calculations with machine learning techniques[1,2]. One of these frameworks is to use the 
compressed sensing deriving a sparse representation for the interatomic potential[3]. This 
facilitates the control of the accuracy of interatomic potentials. In this study, we demonstrate 
the applicability of the compressed sensing interatomic potential to ten elemental metals of 
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Ag, Al, Au, Ca, Cu, Ga, In, K, Li and Zn. For each elemental metal, an interatomic potential 
is made from thousands of DFT calculations using the elastic net regression. Not only they 
have prediction errors with an order of magnitude smaller than 4 meV/atom, but also they 
can well predict physical properties such as lattice constants and phonon dispersion 
relationship. The present method can increase the accuracy of atomistic simulations while 
decreasing the computational costs.
Figure. Phonon dispersion relationships for ten elemental metals with fcc structure obtained by the 

elastic net along with those obtained by the DFT calculation.

[1] J. Behler and M. Parrinello, PRL 98, 146401 (2007).
[2] A. P. Bartók et al., PRL 104, 136403 (2010).
[3] A. Seko, A. Takahashi and Isao Tanaka, PRB 90, 024101 (2014).
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Tuesday 10:45 h, Chamber Hall, Contributed S20 C4

Quantum Mechanical Properties of Atoms in Molecules via 
Machine Learning

Matthias Rupp1, Raghunathan Ramakrishnan2, O. Anatole von Lilienfeld2

1) Fritz Haber Institute of the Max Planck Society, Faradayweg 4-6, 14195 Berlin, Germany 
2) Institute of Physical Chemistry, Department of Chemistry, University of Basel, Klingelbergstr. 80, 

4056 Basel, Switzerland 

We introduce machine learning models of quantum mechanical observables of atoms in 
molecules. Expectation values of local operators are inferred from reference calculations 
across chemical space, alleviating the severe computational costs associated with directly 
solving for them. Instant out-of-sample predictions for proton and carbon nuclear chemical 
shifts, atomic core level excitations, and forces on atoms reach accuracies on par with PBE0/
def2TVP density functional theory reference. Locality is exploited within non-linear kernel 
ridge regression via local atom-centered coordinate systems. The approach is validated on 
a diverse set of 9k small organic molecules, yielding speed-ups of several orders of 
magnitude. Linear scaling with low prefactor is demonstrated for saturated polymers with up 
to sub-mesoscale lengths.
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Tuesday 11:00 h, Chamber Hall, Invited S20 I4

Bridging the GAP: fitting first principles potential energy surfaces 
systematically

Gabor Csanyi1

1) Engineering Laboratory, University of Cambridge 

The Born-Oppenheimer potential energy surface is solely a function of the nuclear degrees 
of freedom and, coupled with the near-sightedness of the electronic system, there is no 
reason why it should not be possible to approximate first principles total energies using 
interatomic potentials for almost all atomic configurations. I will discuss machine learning 
approaches to do this, Gaussian process regression in particular, the key criteria any 
proposed method must satisfy and the inherent capabilities and limitations. To date, 
successes include specific systems and niche applications - it is unclear whether “generic” 
potentials are within reach with current methodologies. A key difficulty in the development of 
transferable potentials is the lack of a satisfactory protocol for verification, and in particular 
how to use the measures of error inherent to probabilistic machine learning methods to 
enable quantification of transferability and subsequent revision of the fit.
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Symp. 21: Hybrid Photovoltaic Materials
Organized by Wanda Andreoni

Thursday 10:00–13:00 h, Room 10

Thursday 10:00 h, Room 10, Invited S21 I1

Modeling organohalide perovskites for photovoltaic applications: 
From materials to interfaces

Filippo De Angelis1

1) Computational Laboratory for Hybrid/Organic Photovoltaics (CLHYO), CNR-ISTM, Via Elce di 
Sotto 8, I-06123, Perugia, Italy. 

The field of hybrid/organic photovoltaics has been revolutionized by organohalide perovskites. 
A first-principles simulation toolbox is presented, along with the fundamental modeling 
strategies, using selected examples of relevant materials and interfaces. The main issue 
with hybrid perovskite modeling is to accurately describe their structural, electronic and 
optical features. These materials show a degree of short range disorder, due to the presence 
of mobile organic cations embedded within the inorganic matrix, requiring to average their 
properties over a molecular dynamics trajectory. Due to the presence of heavy atoms their 
electronic structure must take into account spin-orbit coupling (SOC) in an effective way, 
possibly including GW corrections.

Modeling charge generation in perovskite-sensitized TiO2 interfaces is then approached 
based on a SOC-DFT scheme, describing alignment of energy levels in a qualitatively correct 
fashion. The role of interfacial chemistry on the device performance is finally discussed.
References:
1) P. Umari et al. Sci. Rep. 2014, 4, 4467.
2) A. Amat et al. Nano Lett. 2014, 14, 3608.
3) V. Roiati et al. Nano Lett. 2014, 14, 2168.
4) C. Quarti et al. Chem. Mater. 2014,26, 6557.
5) E. Mosconi et al. J. Phys. Chem. Lett. 2014, 5, 2619.

Thursday 10:30 h, Room 10 h, Contributed S21 C1

Effects of the organic cation orientation in hybrid halide 
perovskites

Carlo Motta1, Fedwa El-Mellouhi2, Sabre Kais2, Nouar Tabet2, Fahhad Alharbi2, 
Stefano Sanvito1

2) School of Physics, AMBER and CRANN Institute, Trinity College, Dublin, Ireland
3) Qatar Environment and Energy Research Institute, Doha, Qatar

Hybrid halide perovskites have enabled solar cells to reach an efficiency close to 20%, 
demonstrating a pace for improvements with no precedents in the solar energy arena. 
Despite such explosive progress, the microscopic origin behind the success of such material 
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is still debated, with the role played by the organic cations in the light-harvesting process 
remaining unclear. In this work, density functional theory calculations reveal that the 
orientation of the organic molecules plays a fundamental role in determining the material 
electronic properties. Molecular reorientations induce distortions of the inorganic PbI3 cage 
causing the electronic band edges to shift in reciprocal-space, an effect captured upon 
inclusion of dispersive forces in the description. As a consequence, inequivalent cation 
orientations, representing local energy minima, lead to bandstructures displaying either 
direct and indirect bandgaps. Besides, calculations of the rotational energy barriers and 
phonon spectra allow to build a model Hamiltonian that can be used to analyze the correlations 
between molecular dipoles in hybrid perovskites. We use this model to simulate the 
depolarization precess of this class of material with different organic cations. 

C. Motta et al. Nat. Commun. 6, 7026 (2015)

Effects of the organic cation orientation in hybrid halide perovskites 

Carlo Motta1 

1) School of Physics, Trinity College Dublin



Hybrid halide perovskites have enabled solar cells to reach an efficiency close to 20%, 
demonstrating a pace for improvements with no precedents in the solar energy arena. Despite 
such explosive progress, the microscopic origin behind the success of such material is still 
debated, with the role played by the organic cations in the light-harvesting process remaining 
unclear. In this work, density functional theory calculations reveal that the orientation of the organic 
molecules plays a fundamental role in determining the material electronic properties. Molecular 
reorientations induce distortions of the inorganic PbI3 cage causing the electronic band edges to 
shift in reciprocal-space, an effect captured upon inclusion of dispersive forces in the description. 
As a consequence, inequivalent cation orientations, representing local energy minima, lead to 
bandstructures displaying either direct and indirect bandgaps. Besides, calculations of the 
rotational energy barriers and phonon spectra allow to build a model Hamiltonian that can be used 
to analyze the correlations between molecular dipoles in hybrid perovskites. We use this model to 
simulate the depolarization process of this class of material with different organic cations



Thursday 10:45 h, Room 10, Contributed S21 C2

Optical absorption spectra and excitons of organometal halide 
perovskites

Menno Bokdam1, Tobias Sander1, Alessandro Stroppa2, Silvia Picozzi2, D.D. Sarma3, 
Cesare Franchini1, Georg Kresse1

1) Faculty of Physics, Computational Materials Physics, University of Vienna, Austria 
2) Consiglio Nazionale delle Ricerche - CNR-SPIN, L’Aquila, Italy 
3) Solid State and Structural Chemistry Unit, Indian Institute of Science, Bangalore, India 

The high efficiency of lead organometal halide perovskite solar cells has raised many 
questions on the mechanisms at work here. An accurate description of the macroscopic 
dielectric screening would be very useful for understanding the origin of these material\’s 
high performance. We present fully relativistic GW0 quasi particle band structures and the 
absorption spectra for twelve organometal halide perovskites (OMX3, O = MA,FA, M = Pb,Sn, 
X = I, Br, Cl). Electron-hole interactions have been included by solving the Bethe-Salpeter 
equation for the polarizability, resulting in optical spectra in good agreement with experiment. 
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In terms of their exciton binding energy, we classify this set of organometal halide perovskites 
in iodines (29-45 meV), bromines (65-95 meV) and clorines (110-257 meV), with electronic 
band gaps ranging from 1.03 eV to 4.02 eV. The low exciton binding energies and the 
localization of the excitons in k-space indicate Wannier-Mott type of excitons.

Thursday 11:00 h, Room 10, Invited S21 I2

Shift Current and Ferroelectric Domain Walls in Organometal 
Halide Perovskites for Photovoltaic Applications

Andrew Rappe1

1) The Makineni Theoretical Laboratories, Department of Chemistry, University of Pennsylvania, 
Philadelphia, Pennsylvania 19104-6323, United States 

Organic-inorganic halide perovskites have attracted a great deal of attention due to their 
extremely rapid increase in power conversion efficiency. Tremendous efforts have been 
devoted to understand the reason for their high efficiency and to optimize and design more 
efficient materials. In particular, CH3NH3PbI3 (MAPbI3) shows the highest efficiency and also 
displays a large open-circuit voltage. Shift current, the main mechanism for achieving above-
band-gap bulk photovoltaic effect in ferroelectric perovskites, may play an important role in 
providing the large open-circuit voltage in the halide perovskites. By using first-principles 
methods, we compute the shift current magnitude in MAPbI3 with two different molecular 
orientations. We find that these materials give approximately three times larger shift current 
response to near-IR and visible light than the prototypical ferroelectric photovoltaic BiFeO3. 
The molecular orientations of CH3NH3

+ can strongly affect the corresponding PbI3 inorganic 
frame and consequently alter the magnitude of the shift current response. Specifically, 
configurations with dipole moments aligned in parallel distort the inorganic PbI3 frame more 
significantly than configurations with near-net-zero dipole, yielding a larger shift current 
response. 
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Because the molecular dipole moment can give rise to macroscopic polarization in 
organometal halide perovskties, and particularly since switchable ferroelectric domains have 
been observed experimentally, we also explore the structural and electronic properties of 
ferroelectric domain walls in CH3NH3PbX3 (X=Cl, Br, I). We find that organometal halide 
perovskites can form both charged and uncharged domain walls, due to the flexible 
orientational order of the organic molecules. It is found that the presence of charged domain 
walls will significantly reduce the band gap by 20%-40%, while the presence of uncharged 
domain walls has no substantial impact on the band gap. Furthermore, we demonstrate that 
charged domain walls can serve as segregated channels for the motions of charge carriers. 
Our findings highlight the importance of ferroelectric domain walls in hybrid perovskites for 
photovoltaic applications and suggest a promising approach of device optimization through 
domain wall engineering.

Thursday 11:30 h, Room 10, Contributed S21 C3

Tuning the electronic and dielectric properties of solar cells: A 
strain-driven direct-to-indirect bandgap transition

Javad Hashemi1, Matteo Gatti2, Ali Akbari1, Mikko Hakala1

1) Department of Physics, P.O.B. 64, FIN-00014, University of Helsinki, Finland 
2) Laboratoire des Solides Irradiés, École Polytechnique, CNRS-CEA/DSM, F-91128 Palaiseau, 

France 

At the end of the last decade, a new class of low-cost/high-efficiency photovoltaics, based 
on perovskite materials, emerged from the field of dye-sensitized solar cells. Since the first 
report on CH3NH3PbI3 absorbers with 3.5% efficiency in 2009, their efficiency has been 
constantly improving; and as of writing, the record efficiency is 20.1%. Experimental studies 
show that the efficiency of perovskite compounds is sensitive to various factors such as 
substrate material, synthesis methods, cell architecture, etc. However, the physics behind 
such a sensitivity is yet to be fully understood while such an understanding is crucial for 
optimizing these emerging cells for real-life usage.

Here, we use accurate, GW+spin-orbit coupling, calculations to study the effect of uniaxial 
or biaxial strain on the electronic and absorption properties of CH3NH3PbI3 absorbers. We 
show that the applied strain affects the band structure of the compound to the extend that it 
goes through a direct-to-indirect bandgap transition, and thus it affects the absorption 
coefficient of the compound noticeably. We also analyze the orbital origins of the absorption 
spectrum and investigate the effect of strain on it, in order to find new ways to tune the 
efficiency.
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Thursday 11:45 h, Room 10, Contributed S21 C4

Hybrid halide perovskites: modelling crystal dynamics and 
devices

Jarvist Moore Frost1, Federico Brivio1, Pooya Azarhoosh2, Mark van Schilfgaarde2, 
Aron Walsh1

1) University of Bath 
2) Kings College London 

Hybrid perovskites display rich solid state physics. Here we apply electronic structure 
methods to understand their intrinsically dynamic behaviour. We study the kinetics of the 
motion of the organic cation by applying careful analysis to ab-initio molecular dynamics 
simulations [1]. These are validated against two experimental techniques, and harmonic 
phonons.

These observations of the nature and timescales of the dynamics inform the development 
of an on-lattice XY model of interacting dipoles, where the interaction energies are 
parametrised by further electronic structure calculations. This model shows columnar anti-
ferroelectric and ferroelectric ground states, as a function of strain and lattice distortion 
energetics. The transition from short range to long range order as a function of temperature 
is analysed by defining a correlation functions. The electrostatic potential and field is 
reconstructed from dipole orientation, and used to infer transport properties.

A model for polaronic transport and recombination in the material is developed, where the 
low electron-hole recombination rate is related to the columnar structure of the electrostatic 
potential leading to electron and hole segregation, and the affect of the electric field on 
driving the Dresselhaus splitting in the conduction band.

Thursday 12:00 h, Room 10, Invited S21 I3

Modelling hybrid photovoltaic devices through accurate GW and 
BSE calculations

Paolo Umari1

1) University of Padova 

First-principles methods based on many-body perturbation theory (MBPT) proved to be the 
solution to the scarce accuracy of ordinary density functional theory for the evaluation of 
excitation properties. However, such approaches are much more computational demanding. 
In the last years we have introduced a scheme for calculating electronic properties with the 
MBPT GW-BSE approach which is particularly suitable for calculations in large model 
structures eliminating the major drawback of sums over empty one-particle orbitals. Recently, 
we have extended our method to the evaluation of optical absorption spectra and of exciton 
binding energies. 

First, I will discuss how we could use our methods for investigating the alignment of 
energy levels in dye sensitised solar-cells which is at the very base of their functioning. I will 
show how we could successfully predict energy levels alignment leading to estimations for 
the maximum attainable open-circuit voltage including solvent effects.
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Then, I will present our GW results for the modelling of solar cells based on hybrid organic-
inorganic perovskites. In particular, I will show that the correct treatment of spin-orbit coupling 
is essential for a correct description of the excitation properties such as band gaps.

Thursday 12:30 h, Room 10, Invited S21 I4

Bridging the gap between theory and experiment in photovoltaic 
research

Feliciano Giustino1

1) University of Oxford 

Some time ago I attended a talk where the speaker argued that many ab initio predictions in 
photovoltaics research are truly \’predictions of the past\’, in the sense that they reproduce 
the experiment only after the measurements have been performed. Following this remark he 
challenged the audience to use electronic structure methods for making predictions of the 
future.

In this talk I will address this challenge by reviewing our recent work at Oxford in the areas 
of perovskite solar cells, dye-sensitised and hybrid organic/inorganic solar cells, quantum-
dot solar cells, and graphene photovoltaics.

As an example in the case of hybrid organic-inorganic perovskite solar cells we developed 
a theory of the relation between the band gap and the octahedral tilts in the perovskite 
structure, and we proposed entirely new cations for tuning the optical absorption onset. Our 
predictions were subsequently confirmed by synthesising and characterising new Rb-based 
lead tri-iodide compounds.

Using this and other recent examples I will demonstrate that it is indeed possible to make 
predictions of the future. In addition I will argue that, for ab initio materials design to be 
sustainable, every computational prediction should imply a commitment to seek experimental 
validation.
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Symp. 22: Electron Phonon Coupling and Thermoelectricity
Organized by Christian Carbogno, Nicola Marzari, Matthieu 

Verstraete, Claudia Draxl, George
Monday 10:00–13:00 h, Room 10

Monday 10:00 h, Room 10, Invited S22 I1

Bonding, Electron-Phonon Interaction and Superconductivity in 
high-pressure hydrides

Lilia Boeri1

1) Institute for Theoretical Physics, Computational Physics, Graz University of Technology, Graz, 
Austria 

High-Temperature Superconductivity in a hydrogen-rich solid, predicted by Ashcroft almost 
fifty years ago,[1] was observed for the first time last year, when Drozdov et al. reported a 
superconducting transition at 190 K in hydrogen sulphide at pressures of ≈150 GPa. [2]

In this talk, I will show that the record-breaking Tc can be attained due to the formation of 
a very unusual covalent bond between hydrogen and sulfur, stabilised by extreme pressures, 
and discuss the conditions under which this type of bonds can be realised in hydrogen-rich 
solids.[3]

[1] N. W. Ashcroft, Phys. Rev. Lett. 21, 1748 (1968).
[2] A. P. Drozdov, M. I. Eremets, and I. A. Troyan, arXiv:1412.0460.
[3] C. Heil and L. Boeri, in preparation.

Monday 10:30 h, Room 10, Contributed S22 C1

First-principles study of frequency-dependent Resonant Raman 
scattering

Yannick Gillet1, Stefan Kontur2, Matteo Giantomassi1, Claudia Draxl2, Xavier Gonze1

1) Université catholique de Louvain, Louvain-la-Neuve, Belgium 
2) Humboldt-Universität zu Berlin, Berlin, Germany 

Raman spectroscopy is a widely used technique for materials characterization. The 
dependence of the Raman intensity on the frequency of the incident light is well known: a 
resonance phenomenon appears when the exciting light has frequency close to electronic 
transitions. Unlike for molecules and for graphene, the theoretical prediction of the frequency-
dependent Raman response of crystalline systems has remained a challenge. Indeed, many 
Raman calculations are nowadays done in the static limit (vanishing light frequency), using 
Density-Functional Theory and Density-Functional Perturbation Theory, thus neglecting 
frequency-dependence and excitonic effects.

In this work, we present a finite difference method to obtain the frequency-dependent 
Raman intensity. Excitonic effects, included by solving the Bethe-Salpeter Equation are 
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crucial to describe accurately the enhancement of the absolute first-order Raman intensity 
of silicon for laser photon energies corresponding to the gap of the material [1]. The approach 
is then generalized to second-order Raman scattering. The comparison of the simulations 
with experimental measurements shows that the Random-Phase Approximation (i.e. 
neglecting excitonic effects) is able to capture the main changes in frequency-dependence 
relative intensities.
[1] Y. Gillet, M. Giantomassi, X. Gonze, Phys. Rev. B 88, 094305 (2013).

Monday 10:45 h, Room 10, Invited S22 I2

Thermoelectric properties from first-principles: electron-phonon 
interactions and the Boltzmann transport equation

Nicola Bonini1

1) Department of Physics, King’s College London 

A detailed understanding of electrical transport and energy dissipation phenomena is crucial 
for the discovery and the development of high-performance materials and devices for 
applications ranging from nanoelectronics to energy conversion technologies.

In this talk, we present a first-principles computational infrastructure to calculate electrical 
transport coefficients of materials within the Boltzmann transport framework. We use density 
functional theory and density functional perturbation theory for an accurate description of the 
electronic and vibrational properties of a system, including electron-phonon and electron-
defect interactions; carriers\’ scattering rates are computed using standard perturbation 
theory. The electrical transport properties are calculated from the exact solution of the 
linearized Boltzmann transport equation. We exploit Wannier interpolation (both for electronic 
bands and electron-phonon matrix elements) for an efficient sampling of the Brillouin zone, 
and the solution of the Boltzmann equation is achieved via a fast and stable conjugate 
gradient scheme. 

We will discuss the application of this general methodology to several different systems, 
including simple metals, doped silicon and graphene. We will show that this approach gives 
results in excellent agreement with experimental data and provides a detailed characterization 
of the nature and the relative importance of the individual scattering mechanisms.
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Monday 11:15 h, Room 10, Contributed S22 C2

Spin transport and spin-caloric effects in (Cr,Zn)Te half-metallic 
nanostructures: Effect of spin disorder at elevated temperatures 
from first principles

Roman Kováčik1, Phivos Mavropoulos1, Stefan Blügel1

1) Peter Grünberg Institut and Institute for Advanced Simulation, Forschungszentrum Jülich and 
JARA, 52425 Jülich, Germany 

An important contribution to the thermoelectric and spin-caloric transport properties in 
magnetic materials at elevated temperatures is the spin-disordered state formation due to 
the local moment fluctuations. This effect has not been largely investigated so far. Motivated 
by the miniaturization of spintronics devices and a possible enhancement of thermoelectric 
effects due to quantum confinement, we focus on CrTe half-metallic ferromagnetic 
nanostructures (thin layers, nanowires) embedded in ZnTe matrix and contacted by Ag 
leads. The electronic structure is calculated within the full-potential Korringa-Kohn-Rostoker 
Green function framework. The temperature induced spin disorder is simulated by the 
Monte-Carlo methodology and the Landauer-Büttiker approach is used to evaluate the 
transport properties. The thermoelectric and spin-caloric coefficients can be reduced, 
enhanced or even change sign due to the spin-disorder depending on temperature and the 
particular nanostructure geometry. Our calculations show these effects for the first time [1,2]. 
Furthermore, we show that substitutional impurities in CrTe nanowires could considerably 
enhance the thermoelectric figure of merit [2]. Support from DFG (SPP1538) is gratefully 
acknowledged.

[1] Kováčik R. et al., Phys. Rev. B 89, 134417, (2014)
[2] Kováčik R. et al., Phys. Rev. B 91, 014421, (2015)

Monday 11:30 h, Room 10, Invited S22 I3

Aspects of electron-vibrational coupling in electronic-structure 
theory

Claudia Draxl1

1) Humboldt-Universität zu Berlin, Physics Department and IRIS Adlershof, Zum Großen Windkanal 
6, 12489 Berlin.

Electron-vibrational coupling (EVC), though being the driving force or playing a key role in 
many physical phenomena, is still largely unexplored from a first-principles point of view. In 
densityfunctional theory (DFT) and beyond, the effect of EVC on structure, electronic 
structure, and optical excitations, has been considered so far only in exceptional cases. 
Besides the well-known effect of zero-point vibrations (ZPV) on structural properties, it is 
hardly accounted for in standard DFT calculations, and only very few studies have highlighted 
ZPV and temperature effects on band gaps, electronic structure, and optical spectra. In the 
case of charge transport, the situation is different because EVC as an elementary scattering 
process is already included in most transport concepts, typically however, on different levels 
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of theory and not on a fully ab initio basis. This situation is obviously unsatisfactory, and 
intolerable for many materials. In this talk, I will review the group’s efforts in exploring the 
role of EVC on various levels, from a conceptual point of view via implementation to 
applications. Concerning the latter, I will discuss the impact of EVC on the electronic structure 
of organic materials and organic/inorganic interfaces as well as on the excitation spectra of 
low-dimensional systems.

Monday 12:00 h, Room 10, Contributed S22 C3

There is no such thing as a simple metal

Matthieu Verstraete1

1) Department of Physics, University of Liege, Belgium 

Thermoelectric (TE) materials have garnered very large amounts of interest in the past 10 
years as alternative solutions for energy generation and waste heat harvesting, as well as 
for cooling applications, e.g. in cpus. Only very recently has it become possible to predict 
quantitatively the thermal and electrical conductivity of materials from a first principles basis. 
We will review a few recent advances in methodology, with applications to (simple and less 
simple) metals. The Seebeck coefficient is one of the most delicate quantities to determine 
and to optimize, and it is central to TE efficiency - we will detail the first ab initio calculations 
of S and contrast them with the very widely used constant relaxation time approximation.

Monday 12:15 h, Room 10, Invited S22 I4

Prediction of Electron-Phonon driven superconductivity: some 
examples

Gianni Profeta1

1) University of L’Aquila, Department of Physical and Chemical Sciences (ITALY) 

One of the main consequences of the strong electron-phonon coupling in metals is the 
formation of Cooper pairs eventually leading to the appearence of the superconducting 
phase.

The critical temperature of electron-phonon driven superconductors nowdays can be 
predicted with an high degree of accuracy making the exploration of new superconductors 
feasible by first principles theories.

In this talk, we present density functional theory calculations of the electron-phonon 
interaction and superconducting critical temperature in various class of materials ranging 
from metals under extreme pressure conditions to two-dimensional systems.
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Monday 12:45 h, Room 10, Contributed S22 C4

Electron-phonon interactions from first-principles in bulk- and 
device structures

Kurt Stokbro1, Troels Markussen1, Tue Gunst2, Søren Smidstrup1, Mads Brandbyge2

1) QuantumWise A/S, Fruebjergvej 3, 2100 Copenhagen, Denmark 
2) DTU Nanotech, Technical University of Denmark, 2800 Kgs. Lyngby Denmark 

The interaction between electrons and phonons plays an important role for the transport 
properties of both bulk- and device-like systems. The room-temperature mobility of industrially 
relevant semiconductors is typically limited by electron-phonon scattering, thus reducing the 
electronic current. On the other hand, in certain device-systems, the electron-phonon 
interaction can lead to a pronounced increase in current. This is true for pn-junction and 
tunnel field effect transistors (TFETS) in the off-state. In certain molecular junctions, the 
current can also increase by orders of magnitude due to the electron-phonon interaction, 
and the same is true for electron transport across certain grain boundaries. In this presentation, 
we will show our recent development in implementing electron-phonon interactions in ATK 
for studying both bulk and device systems exemplified with the above-mentioned cases.

The image below shows the effect of inelastic tunnel currents in a p-n junction.

http://arxiv.org/abs/1412.0460
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Symp. 23: Ultrafast Charge Transfer at the Nanoscale
Organized by Stefan Kurth, Robert van Leeuwen, Gianluca 

Stefanucci
Wednesday 14:45–17:15 h, Room 8+9

Wednesday 14:45 h, Room 8+9, Invited S23 I1

Excited State Dynamics in Nanoscale Materials: A Time-Domain 
Ab Initio Perspective

Oleg Prezhdo1

1) Department of Chemistry, University of Southern California 

Photovoltaic and photo-catalytic processes are initiated by a light-driven charge separation 
at an interface of two complementary materials. The separation competes with electron-
vibrational energy losses, energy transfer, charge recombination and other processes. Our 
group has developed [1-4] and implemented [5,6] a suite of theoretical and simulation 
approaches, aimed at modeling these events in the time domain and at the atomistic level of 
detail, as they occur in experiment. The approaches combine time-dependent density 
functional theory with non-adiabatic molecular dynamics [1]. They treat electrons quantum-
mechanically and nuclei semi-classically [2,3,6,7].

We show how the asymmetry of electron and hole transfer at a polymer/nanotube interface 
can be used to optimize solar cell performance [8]; that the mechanism of electron injection 
from a CdSe nanoparticle into nanoscale TiO2 depends on the dimensionality of the latter 
[9]; that plasmon-driven charge separation on TiO2 sensitized with plasmonic nanoparticles 
has a 50% chance to occur already during light absorption [10]; that optically dark states 
govern the rates and yields of singlet fission and charge transfer at a pentacene/C60 interface 
[11]; that nanoscale materials exhibit a new, Auger-assisted type of electron transfer [12]; 
that the low efficiency of photo-catalytic water splitting by GaN is due to unfavorable 
competition of charge relaxation and transfer [13]; that atomic defects can be both detrimental 
and beneficial for the charge separation [14]; how a long, insulating bridge can accelerate 
charge separation [15]; why graphene, a metal, can be used as a TiO2 sensitizer [16]; and 
how excited electrons can be extracted from quantum dots prior to relaxation [17].

The software [5,6] is available free of charge at http://gdriv.es/pyxaid.
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Wednesday 15:15 h, Room 8+9, Contributed S23 C1

A new approach to describe out-of-equilibrium processes in 
realistic materials based on the merging of Density-functional 
Theory with Many-Body Perturbation Theory

Andrea Marini1, Davide Sangalli1, Margherita Marsili2, Eva Pogna3, Enrico Perfetto4

1) Istituto di Struttura della Materia, CNR, Monterotondo Stazione, Italy 
2) Centro S3 - CNR NANO, Modena, Italy 
3) Istituto di Fotonica e Nanotecnologie (IFN) - CNR, Piazza Leonardo da Vinci, 32, Milano, Italy. 
4) Physics Department, University of Rome Tor Vergata, Italy. 

Ultra-fast optical spectroscopy is a powerful tool for the observation of dynamical processes 
in several kind of materials. The basic time-resolved optical experiment is the so-called 
“pump-probe” where a first light pulse, the “pump”, resonantly triggers a photo-induced 
process. The subsequent system evolution can be monitored, for example, by the time-
dependent transmission changes of a delayed “probe” pulse.

In a pump-probe experiment the pump pulse photon energy, spectral width and peak 
intensity creates a certain density of electron-hole pairs in a more or less localized region of 
space. After the creation of the initial carrier population the time evolution of the single-
particle and many-particle excitations is now governed by a non-trivial interplay between 
electron-electron scatterings and energy relaxation.

In this talk I will present a novel approach based on the merging of Non-Equilibrium 
Green\’s function theory and Density Functional Theory to investigate the dynamics following 
a pump excitation. I will first review the general theoretical basis of the method and then I will 
discuss several applications of this new approach to the case of paradigmatic systems. 
These will include the carrier dynamics and transient absorption of bulk silicon and 
Molybdenum disulfide (MoS$_2$), a prototypical transition metal dichalcogenides.

I will show that this novel approach is accurate, predictive, numerically stable and in 
excellent agreement with the experimental results.
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Wednesday 15:30 h, Room 8+9, Contributed S23 C2

Modeling ultrafast exciton deactivation and charge transfer 
processes in organic photovoltaic materials: a chemical physical 
perspective.

Daniele Fazzi1, Mario Barbatti1, Walter Thiel1

1) Max-Planck-Institut für Kohlenforschung (MPI-KOFO) 

The understanding of the electronic structure at the D/A interface and exciton deactivation in 
organic materials, plays key role in organic photovoltaics.[1] Accurate predictions of D/A 
electronic structure, ultrafast relaxation and charge transfer mechanisms, are as much 
valued as urgent.[2,3]

We investigate these aspects adopting DFT calculations and nonadiabatic excited states 
dynamics. Excited states of D/A blends are computed and classified on the basis of their 
localization, delocalization and charge transfer (CT) character. The size of D/A molecular 
clusters affect the interplay between CT vs. localized states, and their spatial extension.

Exciton-relaxation dynamics and charge transfer processes are investigated in a series of 
oligothiophenes. Photorelaxation is modeled via TD-DFT and TDA surface hopping, considering 
single molecules and aggregates. We predict exciton localization and ultrafast charge transfer 
mechanisms within 150 fs, in perfect agreement with the experimental data.[4]

[1] Brédas, J.-L., et al., Acc. Chem. Res. 42, 1691 (2009).
[2] Grancini, G., et al., Nature Materials, 12, 29 (2013).
[3] Akimov, A. V., Prezhdo, O. V., J. Am. Chem. Soc., 136, 1599 (2014).
[4] Fazzi, D., et al., Phys.Chem.Chem.Phys. 17, 7787 (2015).
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Wednesday 15:45 h, Room 8+9, Invited S23 I2

Ultrafast dynamics in light-harvesting and photovoltaics: a 
theoretical and experimental investigation

Carlo Andrea Rozzi1, Elisa Molinari2, Angel Rubio3, Giulio Cerullo4, Christoph Lienau5

1) CNR - NANO, Modena 
2) Università di Modena e Reggio Emilia, Modena 
3) UPV/EHU, San Sebastian 
4) CNR-IFN, Politecnico di Milano, Milano 
5) Carl von Ossietzky Universität, Oldenburg 

It is known that the primary steps of photoinduced energy and charge transfer may occur on 
extremely fast time scales in many natural and man-made compounds that perform 
conversion of sunlight into chemical or electrical energy. These processes have traditionally 
been interpreted in terms of the incoherent kinetics of optical excitations and of charge 
hopping, but recently signatures of quantum coherence were observed in energy transfer in 
photosynthetic bacteria and algae [1,2]. We have studied the early steps of photoinduced 
charge separation in reference systems for artificial photosynthesis and photovoltaics by 
combining Time-dependent Density Functional Theory simulations of the quantum dynamics 
and high time resolution femtosecond spectroscopy. Our results show that the coherent 
coupling between electronic and nuclear degrees of freedom is of key importance for charge 
delocalization and transfer in both of covalently and non-covalently bonded systems [3,4]. 
We have exploited the results of our research to design, synthesize and characterize a novel 
molecular scaffold for photovoltaic applications [5].

[1] Engel, G. S. et al. Nature 446, 782-786 (2007).
[2] Collini, E. et al. Nature 463, 644-647 (2010).
[3] Rozzi, C. A., Falke S. et al., Nat. Comm. 4, 1602 (2013)
[4] Falke S., Rozzi, C. A. et al., Science, 344, 1001 (2014)
[5] Pittalis S., et al., Adv. Func. Mat. (2014)
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Wednesday 16:15 h, Room 8+9, Contributed S23 C3

Charge-Resonance Enhanced Ionization Beyond the Quasistatic 
Model: Insights from the Exact Factorization Approach

Elham Khosravi1, Ali Abedi1, Neepa Maitra2

1) Nano-Bio Spectroscopy group, Dpto.~F\’isica de Materiales, San Sebasti\’an, Spain 
2) Department of Physics and Astronomy, Hunter College of New York, New York USA 

We analyze the phenomenon of field-induced enhanced ionization in molecules from the 
exact factorization of the electron-nuclear wavefunction. We show that the conditional 
probability arising in this approach provides a valuable tool that leads to new insights for a 
fully time-dependent analysis. Sub-cycle ionization bursts are more clearly visible early on 
in the ionization process than from previous analyses based on the total probability density. 
Further, it allows for a well-defined answer to the question of which internuclear configuration 
dominates the ionization at any given time. A second concept arising from the exact 
factorization that is particularly useful for the study of ionization is the time-dependent 
potential acting on the electronic system. We find that there are significant differences 
between the exact potential and that used in the traditional quasistatic analyses. We identify 
the terms arising from non-adiabatic coupling to the nuclear system that are crucial to include 
for an accurate simulation of time-resolved enhanced ionization.

Wednesday 16:30 h, Room 8+9, Contributed S23 C4

Ultrafast laser induced solid-solid phase transitions in tungsten

Samuel Murphy1, Szymon Darascewicz1, Yvelin Giret1, Matthew Watkins1, Alexander 
Shluger1, Katsumi Tanimura2, Dorothy Duffy1

1) Department of Physics, University College London, Gower Street, London, WC1E 6BT, Uk 
2) The Institute of Scientific and Industrial Research (ISIR), Osaka University, Mihogaoka 8-1, 

Ibaraki, Osaka 567-0047, Japan 

Electronic excitation by ultrafast laser irradiation leads to a significant modification of the 
electron density within an effectively cold underlying lattice. While in this cold plasma state 
the atoms experience very different forces than those present in the ground state. These 
forces may lead to coherent atomic motion and induce structural changes, such as non-
thermal melting, on a sub-picosecond timescale. Here we show the appearance of soft 
phonon modes along the ∑ line of the Brillouin zone in bcc tungsten at high electronic 
temperatures using finite temperature DFT based on the formalism of Mermin. The softening 
is sufficient to remove the barrier to transformation to both the fcc phase via the tetragonal 
Bain path and the hcp phase via the hexagonal Burgers path implying such a transformation 
will occur rapidly. We present the first dynamical simulation of a laser induced ultrafast 
martensitic solid-solid phase transition in a metal using ab inito molecular dynamics 
simulations, which predict that tungsten will follow the tetragonal Bain path to transform into 
the fcc phase. The phase transformation is shown to be reversible as when the electronic 
temperature is reduced tungsten becomes bcc again.
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Wednesday 16:45 h, Room 8+9, Contributed S23 C5

NEGF approach to pump-probe photoabsorption spectroscopy

Enrico Perfetto1

1) University of Rome Tor Vergata 

After revisiting the theory of pump-probe photoabsorption spectroscopy we propose a 
nonequilibrium Green\’s function (NEGF) approach to calculate the transient spectrum of 
nanoscale systems. We can deal with arbitrary shape, intensity, duration and relative delay 
of the pump and probe fields and we can include ionization processes as well as hybridization 
effects due to surfaces. We present numerical simulations of atomic systems using different 
approximate self-energies and, whenever possible or available, find good agreement with CI 
calculations and experiments. The NEGF approach offers a first-principle methodology to 
predict and interpret pump-probe photoabsorption spectra of systems that are out of reach 
with other methods. In the last part of the talk we will discuss future challenges and reachable 
goals.

Wednesday 17:00 h, Room 8+9, Contributed S23 C6

Charge transfer in organic donor-acceptor systems from ultrafast 
non-adiabatic molecular dynamics simulation

Jacob Spencer1, Fruzsina Gajdos1, Jochen Blumberger1

1) University College London, Department of Physics and Astronomy 

Charge transport (CT) in organic semiconducting (OS) materials is at the heart of many 
exciting technologies. Yet, our fundamental understanding of the CT mechanism in OS 
materials is still rather limited. These materials are characterized by strong, anharmonic 
thermal fluctuations and small energy barriers for CT, which renders standard theories (band, 
hopping) often entirely inadequate. In my presentation I will describe our recent efforts in 
developing a highly efficient non-adiabatic MD (NAMD) method based on Tully surface 
hopping and augmented with a simple electronic decoherence correction. Applications to CT 
in small organic dimers (ethylene to fullerenes) will be presented and compared to the 
predictions of conventional Marcus theory. We find that in the NAMD simulations the excess 
charge transiently localizes and delocalizes, a phenomenon that cannot be described by 
standard theories. The CT rates from NAMD are broadly consistent with Marcus rates, 
altough we find that this is a consequence of two partly compensating trends. While nuclear 
recrossings lower the rate in the NAMD simulations, the electron dynamics is significantly 
faster than predicted by the Landau-Zener transmission probability that underlies Marcus 
theory. Finally, we will outline the road ahead for scale-up of the methodology to CT in 
condensed phases.
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Symp. 24: Non-Linear Optics of Materials and 
Nanoplasmonics

Organized by Elisa Molinari, Risto Nieminen, Claudio 
Attacalite, Myrta Gruning, V. Venard

Wednesday 10:30–16:45 h, Room 4+5

Wednesday 10:30 h, Room 4+5, Invited S24 I1

Molecular and nanoplasmonics by first-principle based 
approaches

Stefano Corni1

1) CNR Istituto Nanoscienze 

Molecular plasmonics and nanoplasmonics are often treated by classical electromagnetic 
models that account for the plasmonic resonances via frequency-dependent empirical 
dielectric functions. First principle calculations have been seldom exploited, due to the 
obvious limitations in the accessible nanoparticle size and the greater computational cost. 
Yet, they hold a great potential in these fields. First, they can be used to gain insights in basic 
physical questions such as the microscopic nature of plasmonic excitations in nanoparticles 
(what distinguishes a plasmon from other kinds of electronic excitations in a first principle 
spectrum?) Moreover, even when nanoparticles size is outside the range typically accessible 
by first principle simulations, the latter can still be useful. In fact, hybrid models can be 
devised where the molecule is treaded by first-principle via an effective Hamiltonian that 
includes the electromagnetic interaction with the continuous dielectric nanoparticles.

In this talk, I shall present our work related to the application of first-principle and hybrid 
approaches to molecular and nanoplasmonics, and I will discuss some selected applications 
to show the potentiality of the methods.

Wednesday 11:00 h, Room 4+5, Invited S24 I2

First-principles nanoplasmonics: Plasmon hybridization and 
photoinduced currents 

Pablo Garcia-Gonzalez1, F.J. Garcia-Vidal1

1) Universidad Autonoma de Madrid 

The growing interest in the development of nanoplasmonic devices demands theoretical 
techniques with sufficient predictive accuracy to understand the processes of light-matter 
interaction at the nanoscale. Time-dependent density functional theory (TDDFT) is one of 
the methods of choice. However, when applying TDDFT to the study of the electromagnetic 
response at metallic nanostructures the ionic structure is often neglected and replaced by a 
homogeneous jellium background or by an unstructured effective potential. In order to 
understand the actual impact of the atomic structure, we have studied in detail one of the 
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paradigmatic cases in nanoplasmonics: the hybridization of localized surface plasmons in a 
metallic-cluster dimer [1], as well as the photoinduced current between the clusters [2]. 
Although the main trends can be explained using a jellium description of the system, the 
atomic structure has a strong impact in the results, thus becoming as important as other 
well-known quantum corrections to the plasmonic response.
[*] Work done in collaboration with Alejandro Varas, Pu Zhang, Johannes Feist, Lorenzo Stella, and 

Angel Rubio.

[1] P. Zhang et al, Phys. Rev. B 90, 161407(R) (2014).
[2] A. Varas et al, J. Phys. Chem. Lett. 6, 1891 (2015).

Wednesday 11:30 h, Room 4+5, Contributed S24 C1

First-principles calculation of plasmonic near-fields: reaching 
atomic-scale resolution in nanooptics

Marc Barbry1, Peter Koval1, Federico Marchesin1, Ruben Esteban1, Andrei G. 
Borisov2, Javier Aizpurua1, Daniel Sanchez-Portal1

1) Centro de Fisica de Materiales, Centro Mixto CSIC-UPV/EHU and Donostia International 
Physics Center (DIPC), Paseo Manuel de Lardizabal 5, 20018 Donostia-San Sebastian, Spain 

2) Institut des Sciences Moleculaires d’Orsay ISMO, UMR 8214 CNRS-Universite Paris-Sud, Bat. 
351, Universite Paris-Sud, 91405 Orsay Cedex, France 

Electromagnetic field localization in nanoantennas is one of the leitmotivs that drives the 
development of plasmonics. Near-fields in plasmonic nanoantennas are commonly 
addressed theoretically within classical frameworks that neglect atomic-scale features. This 
approach is often appropriate since the irregularities produced at the atomic scale are 
typically hidden in the far-field. However, a variety of physical and chemical processes rely 
on the fine distribution of the local fields at this ultraconfined scale. Using our implementation 
of time-dependent density functional theory [1], we perform quantum mechanical calculations 
of the optical response of plasmonic nanoparticles, and their dimers, characterized by the 
presence of crystallographic planes, facets, and vertices [2]. We use sodium clusters 
containing 380 atoms as an example, and show that the atomistic details of the nanoparticles 
morphologies determine the presence of subnanometric near-field hot spots that are further 
enhanced by the underlying plasmonic fields. Our results provide new insights into the limits 
of field enhancement and confinement, with important implications in the optical resolution 
of field-enhanced spectroscopies and microscopies.
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[1] M. Barbry et. al., Nano Lett. (accepted)
[2] P. Koval, D. Foerster, and O. J. Couland, J. Chem. Theory Comp. 6, 2654 (2010)

Wednesday 11:45 h, Room 4+5, Contributed S24 C2

Optical Response Derived from Electric Field Gradient Inherent in 
Optical Near Field

Katsuyuki Nobusada1, Masashi Noda1, Maiku Yamaguchi2

1) Department of Theoretical and Computational Molecular Science, Institute for Molecular Science 
2) Department of Electrical Engineering and Information Systems, Graduate School of Engineering, 

The University of Tokyo 

A dipole approximation provides a basis for the conventional light-matter interactions in 
materials. However, this is true in far-field light and matter interactions, but not necessarily 
in optical response of nanostructures. When nanostructures are irradiated by far-field light, 
a localized electromagnetic field called optical near-field (ONF) can be generated. The ONF 
is a non-propagating, localized field with electric field gradient due to its rapid decay with 
increasing distance from the source. The ONF excitation is expected to induce optical 
phenomena such as two-photon absorption, magnetic dipole and electric quadrupole 
transitions, which are all very weak optical response processes in usual laser excitation. We 
have developed an original TDDFT computational method with the aim of understanding 
such optical-near-field excitation dynamics in nanostructures. Our computed results clearly 
showed interesting phenomena that are completely absent in the conventional optical 
response assuming a dipole approximation. Those phenomena proved to be due in large 
part to a second harmonic electric-field component concomitant with the ONF excitation. We 
will discuss some computed results of the ONF excitation dynamics of two-photon absorption, 
magnetic dipole and electric quadrupole transitions in nanostructures.
References:
J. Comp. Phys. 265, 145 (2014), Appl. Phys. Lett. 106, 191103 (2015).
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Wednesday 12:00 h, Room 4+5, Contributed S24 C3

Plasmon resonances in monolayer-protected metal nanoparticles

Lauri Lehtovaara1, Sami Malola2, Jussi Enkovaara3, Johan Lindgren1, Andre 
Clayborne1, Hannu Häkkinen2

1) Department of Chemistry, University of Jyväskylä 
2) Department of Physics, University of Jyväskylä 
3) CSC - IT Center for Science Ltd. 

Monolayer-protected metal nanoclusters (MPC) and nanoparticles consist of a metal core 
and a protecting molecular monolayer. Large MPCs support localized surface plasmon 
resonances (LSPR), and the molecular layer offers a possibility for chemical and biological 
functionalization. Moreover, these systems are sufficiently stable for scientific and industrial 
applications. A typical example of MPC is the Au144(SPET)60, where a core of 114 gold atoms 
forms a metallic cluster inside a monolayer of 30 protecting RS-Au-SR -units. Similar to bare 
metal clusters, MPCs become plasmonic as the size of the metal core increases. We 
simulated and analyzed optical properties of Au144(SPET)60 and Au314(SPET)96 using the 
time-dependent density functional theory, and found a good match with experimental data 
[1]. We observed that a LSPR forms in the Au314(SPET)96, but not in the Au144(SPET)60. 
Moreover, we show that the molecular layer contributes significantly to the plasmon 
resonance opening new possibilities in scientific and industrial applications. We also discuss 
the importance of ligand layer to the optical properties of monolayer-protected aluminum 
clusters, Al50Cp*

12 and Al69(N(SiMe3)2)18
3-.
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Wednesday 14:30 h, Room 4+5, Invited S24 I3

Progress in the theory of control of electron dynamics

Alberto Castro1

1) ARAID Foundation and Institute for Biocomputation and Physics of Complex Systems of the 
University of Zaragoza, Spain 

The theory of Quantum Optimal Control (QOCT) addresses the theoretical optimization of 
Hamiltonian terms of a quantum system in order to control its behavior (e.g. the optimization 
of the shape of an external field such as a laser pulse, in order to control the reaction of a 
molecule irradiated by it). This theory can be applied to single or many-electron systems, in 
combination with some non-equilibrium electronic structure theory, such as for example 
time-dependent density-functional theory (TDDFT). I will review our recent progress in the 
development of this research program, describing the key theoretical issues and the 
computational solution and challenges, illustrated with various examples: optimization of the 
high harmonic generation spectra of atoms, electric field control of electron spin in quantum 
dots through spin-orbit coupling, ultra-fast photo-dissociation of molecules, enhancement of 
light absorption, etc.

Wednesday 15:00 h, Room 4+5, Contributed S24 C4

Quantum plasmonics of stretched nanorods

Tuomas Rossi1, Asier Zugarramurdi1, Martti Puska1, Risto Nieminen1

1) Aalto University, Department of Applied Physics, Espoo, Finland 

The capability to control the optical response of metallic nanoparticles is a key factor for the 
diverse application potential of nanoplasmonics. In systems with increasingly miniaturized 
features, the response is affected by emerging quantum phenomena. A prototypical system 
is the metallic nanoparticle dimer in which electron tunneling strongly affects the plasmonic 
response at subnanometer particle separations [1, 2].

In this work, we realize the dimer system as the end result from the stretching of a metallic 
nanorod. Starting from a perfect nanorod, we track the evolution of the plasmon modes with 
first-principles time-dependent density-functional theory calculations. The stretching process 
is characterized by the formation of a narrowing atomic contact between the nanorod ends 
until the rod is eventually split into two smaller nanorods. In between the limiting cases of a 
single nanorod and a nanorod dimer, the plasmonic response of the system shows novel 
quantum features [3]. These features and their origin are discussed in detail in the 
presentation.
[1] K. J. Savage et al., Nature 491, 574 (2012).
[2] J. A. Scholl et al., Nano Lett. 13, 564 (2013).
[3] T. P. Rossi et al. (unpublished).
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Wednesday 15:15 h, Room 4+5, Contributed S24 C5

Ab initio local field effects for surface second harmonic 
generation

Valérie Véniard1, Nicolas Tancogne-Dejean1, Christine Giorgetti1

1) Ecole Polytechnique, CNRS, CEA-DSM-IRAMIS, Université Paris-Saclay 

A comprehensive understanding of the nonlinear optical properties of solids is crucial to 
improve the design and the analysis of new optical devices and provides an opportunity to 
search for new materials. Among these processes, Second-Harmonic Generation (SHG) is 
probably one of the most studied and has become, through the years a very powerful non-
invasive technique to characterize materials, because of its particular sensitivity to the 
symmetry of a system. In materials where inversion symmetry is present, optical Second-
Harmonic Generation is forbidden within the dipole approximation. But at a surface or an 
interface between two such materials, the inversion symmetry is broken and SHG is allowed.

Crystal local fields are generated by the induced microscopic response of the system to 
an external perturbation. As a consequence their effects will be particularly important close 
to discontinuities as interfaces or surfaces. Local fields are important for a good description 
of optical properties of materials, but their effects on surface SHG have never been studied.

We present here a new ab initio formalism that allows us to calculate the frequency-
dependent surface second-order susceptibility within TDDFT, where the local field effects 
are fully included and we have applied this formalism to Silicon surfaces.

Wednesday 15:30 h, Room 4+5, Invited S24 I4

Second-order nonlinear optical spectroscopy: theory and 
applications

Stefano Ossicini1

1) Università di Modena e Reggio Emilia, Dipartimento di Scienze e Metodi dell’Ingegneria, Vaia 
MAnedola 2, 42125 Reggio Emilia, Italy 

2) CNR-Nano Istituto Nanoscienze, Via Campi 213/A, 41125 Modena, Italy 

Nonlinear optics is one of the most active fields for fundamental and applied research in physics, 
chemistry and biology. The interest for nonlinear optical phenomena is increasing, because of 
their versatile and innovative properties and technological applications. A new first-principles 
theory, based on Time-Dependent DFT approach, for the calculation of the macroscopic second-
order susceptibility has been developed [1,2]. In this formalism two main goals have been 
achieved: 1) the exact relations between microscopic and macroscopic formulation of the 
second-order response function, 2) a rigorous and straightforward inclusion of the many-body 
effects. Applications of this formalism will be shown fro different kind of materials: bulk 
semiconductoras, in particular strained bulk Si, where we show that a sizeable second-order 
nonlinearity at optical wavelenghts is possible [3,4], interfaces [5]. superlattices [6]. 
[1] E. Luppi, H. Hübener, V. Véniard, J. Chem. Phys. 132, 241104 (2010)
[2] E. Luppi. H. Hübener, M. Bertocchi, E. Degoli, S. Ossicini, V. Véniard, MRS Proceedings 1370, 11 

(2011)
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[3] M. Cazzanelli, F. Bianco, E. Borga, G. Pucke, M. Ghulinyan, E. Degoli, E. Luppi, V. Véniard, S. 
Ossicini, D. Modotto, S. Wabnitz, R. Pierobon, L. Pavesi, Nature Materials 11, 148 (2012)

[4] E. Luppi, E. Degoli, M. Bertocchi, S. Ossicini, V. éniard, Phys. Rev. B submitted
[5] M. Bertocchi, E. Luppi, E. Degoli, V. Véniard, S. Ossicini, Phys. Rev. B 86, 035309 (2012)
[6] M. Bertocchi, E. Luppi, E. Degoli, V. Véniard, S. Ossicini, J. Chem. Phys. 140, 214705 (2014)

Wednesday 16:00 h, Room 4+5, Contributed S24 C6

Nonlinear reponse of solids within the GW plus Bethe Salpeter 
approch: application to second- and third-harmonic generation

Claudio Attaccalite1, Myrta Gruning2

1) Institut Neel, CNRS, Grenoble, France 
2) School of Mathematics and Physics, Queen’s University Belfast, Belfast BT7 1NN, Northern 

Ireland, UK 

We present a real-time approach to study nonlinear optical properties in Condensed Matter 
systems that is especially suitable for crystalline solids[1]. The equation of motions and the 
coupling of the electrons with the external electric field are derived from the Berry phase 
formulation of the dynamical polarization. Many-body effects are introduced by adding 
single-particle operators to the independent-particle Hamiltonian. Specifically we include 
crystal local field effects, renormalization of the energy levels and excitonic effects. The 
approach is validated by calculating the second and third harmonic generation of bulk 
semiconductors. Finally we present second-harmonic generation spectrum of h-BN or MoS2 
monolayers and we show that correlation effects double the signal intensity at the excitonic 
resonances with respect to the contribution from independent electronic transitions.[2]
References:
[1] Nonlinear optics from an ab-initio approach by means of the dynamical Berry phase: Application 

to second-and third-harmonic generation in semiconductors. C Attaccalite, M Grüning. Physical 
Review B 88 (23), 235113 (2013)

[2] Second harmonic generation in h-BN and MoS2 monolayers: Role of electron-hole interaction. M. 
Grüning and C. Attaccalite. Phys. Rev. B 89, 081102(R) (2014)

Wednesday 16:15 h, Room 4+5, Invited S24 I5

Time-dependent density functional theory for extreme nonlinear 
optics

Kazuhiro Yabana1

1) Center for Computational Sciences, University of Tsukuba 

In current frontiers of optical sciences, nonlinear optical responses in solids under extreme 
conditions have been attracting much attention owing to rapid technological developements 
of intense and ultrashort laser pulses. We have been developing a first-principles approach 
to explore electron dynamics in crystalline solids under irradiation of strong pulsed lights 
based on time-dependent density functional theory. Solving the time-dependent Kohn-Sham 
equation in a unit cell of solids in real time and real space, we may describe electron dynamics 
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in solids which can be extremely nonlinear by the external field. We further couple the 
electron dynamics calculations with the Maxwell equation for macroscopic electromagnetic 
fields with a multiscale strategy, which makes it possible to describe propagation and 
absorption of strong laser pulses in a medium from the first-principles. In my presentation, I 
will first present our theoretical and computational framework, and then show several 
applications including reversible and irreversible electron dynamics in solids, production and 
propagation of extremely nonlinear polarization in dielectric materials, and a description of 
initial stages of nonthermal laser processing utilizing femtosecond laser pulses.
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Symp. 25: Novel 2D Materials and Heterostructures
Organized by Kristian Thygesen, Stefano Sanvito, Paul 

Kelly, Nicola Marzari, Adam Kiejna
Tuesday 13:15–18:30 h, Chamber Hall

Tuesday 13:15 h, Chamber Hall, Invited S25 I1

Interactions and charge transfer in heterostructures of 2D 
materials

Geert Brocks1

1) University of Twente, Enschede, The Netherlands 

The discovery of graphene has given birth to a new class of two-dimensional (2D) materials. 
In part this field is driven by the prospect of creating artificially layered heterostructures, and 
apply the unique properties of 2D materials in novel electronic devices. In this talk I will 
discuss some of the insights gained by first-principles calculations in the interactions at the 
interfaces between 2D materials, and their influence on charge transfer, doping and potential 
profiles. The adsorption of graphene (Gr), or its insulating relative, hexagonal boron nitride 
(BN), on metal substrates leads to surprisingly large potential steps, even if the interactions 
are relatively weak [1]. First-principles modeling shows that this is the result of Pauli repulsion 
at the interface [2]. First-principles calculations enable a consistent modeling of the field 
effect in Gr/dielectric/metal heterostructures [3], and the Schottky barriers with 2D 
semiconductors such as MoS2 [4]. Small interface interactions also result in a small, but 
measurable, band gap opening in Gr adsorbed on BN [5].

[1] Phys. Rev Lett. 101, 026803 (2008)
[2] Phys. Rev. B 90, 201411(R) (2014)
[3] Phys. Rev. B 87, 075414 (2013)
[4] Phys. Rev. B 91, 161304(R) (2015)
[5] Phys. Rev. B 89, 201404(R) (2014).
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Tuesday 13:45 h, Chamber Hall, Contributed S25 C2

The atomic and electronic structure of silicene and germanene on 
substrates

Seymur Cahangirov1, Lede Xian1, Angel Rubio1

1) Nano-Bio Spectroscopy Group, Departamento Física de Materiales, Universidad del País Vasco, 
Centro de Física de Materiales CSIC-UPV/EHU-MPC and DIPC, Avenida Tolosa 72, E-20018 
San Sebastián, Spain 

The growth of the √3×√3 reconstructed silicene on Ag substrate has been frequently observed 
in experiments while its atomic structure and formation mechanism is poorly understood. 
Here, by first-principles calculations, we show that the √3×√3 reconstructed silicene is 
constituted by dumbbell units of Si atoms arranged in a honeycomb pattern. Our model 
shows excellent agreement with the experimentally reported lattice constant and STM 
image. We propose a new mechanism for explaining the spontaneous and consequential 
formation of √3×√3 structures from 3×3 structures on Ag substrate. We show that the √3×√3 
reconstruction is mainly determined by the interaction between Si atoms and have weak 
influence from the Ag substrate. The proposed mechanism opens the path to understanding 
of multilayer silicene and new bulk allotropes of silicon having dumbbell units. Furthermore, 
we present the atomic structure of germanene grown on Au substrate. Finally, we show that 
2×2 stanene having dumbbell units arranged in a honeycomb structure is a topological 
insulator and its nanoribbons possess helical edge states.
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Tuesday 14:00 h, Chamber Hall, Invited S25 I2

Interplay of Charge and Lattice Distortion in Monolayers of 
Transition Metal Dichalcogenides

Mei-Yin Chou1,2

1) Institute of Atomic and Molecular Sciences, Academia Sinica, Taipei, TAIWAN 
2) School of Physics, Georgia Inst. of Technology, Atlanta, Georgia, USA 

Transition metal dichacogenides have layered structures in the bulk and exhibit various 
characteristics ranging from normal semiconductors to charge density waves to magnetism.

Current fabrication techniques have made it possible to extract a single composite 
monolayer in the laboratory and to measure the physical properties of this truly two-
dimensional system. It is also possible to vary the charge carrier density by external gating 
methods, adding another control parameter to the monolayer configurations. Given these 
new possibilities, we have performed first-principles calculations to explore the connections 
among charging, lattice distortion, electronic properties, and charge density waves. In 
particular, we will report the results for various charge density wave systems in two dimensions 
and explain the mechanism of forming these phases. In addition, we have also found that 
charging can induce unexpected lattice distortion in these two-dimensional systems.

Tuesday 14:30 h, Chamber Hall, Contributed S25 C3

Multi-scale studies of group IV honeycomb layers and their binary 
alloys

Lukasz Gladczuk1, Agnieszka Jamroz1, Jacek A. Majewski1

1) Faculty of Physics, University of Warsaw, ul. L. Pasteura 5, PL-02-093 Warszawa 

Group IV elements (C, Si, Ge, Sn) and also their binary alloys can be stabilized in form of 
honeycomb two-dimensional lattices. We employ first principles calculations in the framework 
of the density functional theory augmented by Monte Carlo calculations (NVT ensemble with 
valence force field Tersoff potential) to study cohesive and electronic properties of ordered 
and disordered binary alloys of various honeycomb monoatomic systems consisting of group 
IV atoms. For the ordered alloys, we determine phase diagrams, morphology of the structures 
leading to local total energy minima and possibility of transitions between structures under 
the external stress. For disordered AxB1-x alloys with x up to 50%, we determine the equilibrium 
structure and quantify the degree of the short- and long-range order in the alloys with the 
Warren-Cowley and Brag-Williams parameters, respectively. The ordered Si-C, Ge-C, and 
Sn-C alloys acquire highly energetically preferable low buckled equilibrium phase and have 
fairly large energy gap (roughly 2 eV). The disordered alloys with carbon are not random but 
exhibit rather large degree of short-range order. In all other alloys, the energetic differences 
between phases are rather small and the energy gaps are closed to zero.
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Tuesday 14:45 h, Chamber Hall, Contributed S25 C4

Phonon hydrodynamics and second sound in 2D materials

Andrea Cepellotti1,2, Giorgia Fugallo1,3, Lorenzo Paulatto3, Michele Lazzeri3, 
Francesco Mauri3, Nicola Marzari1,2

1) Theory and Simulations of Materials (THEOS), École Polytechnique Fédérale de Lausanne, 
Switzerland 

2) National Center for Computational Design and Discovery of Novel Materials (MARVEL), École 
Polytechnique Fédérale de Lausanne, Switzerland 

3) Institut de Minéralogie, de Physique des Matériaux, et de Cosmochimie (IMPMC), Sorbonne 
Universités, Paris, France 

We use density-functional perturbation theory and an exact, variational solution of the 
Boltzmann transport equation [1] to study lattice heat conductivity in 2D materials, with a 
focus on graphene, its H- and F-functionalized forms graphane and fluorographene, boron 
nitride and transition metal dichalcogenides. In all the cases studied, and at variance with 
typical three-dimensional solids, normal processes keep dominating over Umklapp scattering 
well above cryogenic conditions, extending to room temperature and more. As a consequence 
of the heat-flux conserving nature of normal scatterings, novel thermal transport regimes 
emerge, with Poiseuille and Ziman hydrodynamics, hitherto typically confined to ultra-low 
temperatures under the conditions of Umklapp freezing, characterizing transport at ordinary 
conditions. Most remarkably, several of these two-dimensional materials admit wave-like 
heat diffusion, with second sound present at room temperature [2].

[1] G. Fugallo et al., Phys. Rev. B 88, 045430 (2013)
[2] A. Cepellotti et al., Nat. Commun. 6, Article number: 6400 (2015)

Tuesday 15:00 h, Chamber Hall, Invited S25 I3

Defects in two-dimensional materials: their production under 
irradiation, evolution and properties from first-principles 
calculations 

Arkady Krasheninnikov1,2

1) Aalto University, Finland 
2) Helmholtz Zentrum Dresden-Rossendorf, Germany 

Following isolation of a single sheet of graphene, many other 2D systems such as hexagonal 
BN sheets and transition metal dichalcogenides (TMD) were manufactured. Among them, 
TMD sheets have received particular attention, as these materials exhibit intriguing. 
Moreover, the properties can further be tuned by introduction of defects and impurities. In my 
talk, I will present the results [1] of our first-principles theoretical studies of defects (native 
and irradiation-induced) in inorganic 2D systems obtained in collaboration with several 
experimental TEM groups. I will further discuss defect and impurity-mediated engineering of 
the electronic structure of 2D materials.

[1] http://physics.aalto.fi/~ark/publist.html 
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Tuesday 15:30 h, Chamber Hall, Contributed S25 C5

Engineering polar discontinuities in 2D honeycomb lattices

Marco Gibertini1, Giovanni Pizzi1, Nicola Marzari1

1) Theory and Simulation of Materials (THEOS) and National Center for Computational Design and 
Discovery of Novel Materials (MARVEL), Ecole Polytechnique Federale de Lausanne, CH-1015 
Lausanne, Switzerland 

Unprecedented and fascinating phenomena have been observed at oxide interfaces between 
centrosymmetric cubic materials, where polar discontinuities can give rise to polarization 
charges and electric fields that drive a metal-insulator transition and the appearance of a 
two-dimensional electron gas. Lower dimensional analogues are possible, with polar 
discontinuities and electron or hole wires emerging at interfaces in honeycomb lattices. Here 
we suggest different realistic pathways to engineer electronic and hole wires in 2D materials 
and devices, and support these suggestions with extensive first-principles calculations. 
Several approaches are discussed, based on: (i) nanoribbons, where a polar discontinuity 
against the vacuum emerges; (ii) functionalizations, where covalent ligands are used to 
introduce polar discontinuities by selective or total functionalization of the parent systems; 
and (iii) structural interfaces, including inversion domain boundaries and phase-engineered 
interfaces. All the cases considered have the potential to deliver innovative applications in 
ultra-thin and flexible solar-energy devices and in micro- and nano-electronics.

Tuesday 15:45 h, Chamber Hall, Contributed S25 C6

Toward realistic description of black phosphorus: from GW 
approximation to large-scale modeling

Alexander Rudenko1

1) Radboud University, Nijmegen, The Netherlands 

A few-layer black phosphorus (BP) is a novel 2D semiconductor with a number of remarkable 
properties, particularly strong anisotropy and thickness-dependence of the bandgap related 
quantities [1]. A multilayer nature of experimentally available BP samples limits the 
applicability of computationally demanding first-principles approaches, such as density 
functional theory, for the theoretical investigation of realistic BP devices. In this work, we 
propose a tracktable tight-binding model [2] allowing for the efficient and accurate description 
of electronic and transport properties of BP [3] with arbitrary number of layers. The model is 
parametrized on the basis of partilly self-consistent GW_0 approximation and thoroughly 
validated, demonstrating the applicability in a wide energy range. As a test case, we consider 
thickness-dependence of a transition from normal to topological insulator in BP driven by 
external electric field recently predicted for a few-layer BP [4].

[1] X. Ling et al., Proc. Natl. Acad. Sci. USA 112, 4523 (2015).
[2] A.N. Rudenko and M.I. Katsnelson, Phys. Rev. B 89, 201408(R) (2014).
[3] S. Yuan, A.N. Rudenko, and M.I. Katsnelson, Phys. Rev. B 91, 115436 (2015).
[4] Q. Liu et al., Nano Lett. 15, 1222 (2015).
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Tuesday 16:00 h, Chamber Hall, Invited S25 I4

Dirac physics in artificial graphene

Esa Räsänen1

1) Tampere University of Technology 

Artificial graphene (AG) is a man-made nanomaterial that can be constructed by arranging 
molecules on a metal surface or by fabricating a quantum-dot lattice in a semiconductor 
heterostructure. In both cases, AG resembles graphene in many ways, but it also has 
additional appealing features such as control over the lattice constant, system size and 
geometry, and edge configuration.

Here we use realistic real-space modeling to calculate the electronic structure of AG with 
a particular focus on finite-size AG flakes. We demonstrate gradual formation of the Dirac 
point as the flake size or the potential depth is increased (figure, left panel). We find excellent 
agreement with the experimental density of states. Then we analyze the response of the 
flake to an external, perpendicular magnetic field, and find the formation of Hofstadter\’s 
butterfly patterns (figure, right panel). We also demonstrate the stability of the Dirac point 
under external perturbation to assess the experimental capabilities of the AG system. Finally, 
we analyze the role of electron-electron interactions with density-functional and path integral 
Monte Carlo calculations.

Tuesday 16:30 h, Chamber Hall, Contributed S25 C7

Efficient scheme for calculating the dielectric properties of van 
der Waals heterostructures

Kirsten Winther1, Simone Latini1, Kristian S. Thygesen1

1) Center for Atomic-scale Materials Design (CAMD), DTU physics, Denmark

The discovery of two-dimensional (2D) crystals such as graphene and MoS2 has lead to a 
new class of materials known as van der Waals heterostructures (vdWHs), where stacking 
different 2D crystals gives rise to highly tunable electronic properties. vdWH have been 
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pictured as atomic-scale Lego where 2D building blocks are stacked in a precisely controlled 
sequence [1].

Ab-initio calculations could provide a powerful tool for modeling and guiding the design of 
vdWHs, but in their traditional form these calculations are only feasible for commensurable 
structures with a few layers. We have presented an alternative, multiscale approach for 
calculating the dielectric properties realistic, incommensurable vdWHs comprising hundreds 
of layers [2]. Here the response functions of the individual layers are calculated from ab-
initio, and coupled classically via their long-range Coulomb interaction.

We have found that the model successfully captures the 2D to 3D transition in the dielectric 
constant of MoS2, the hybridization of plasmons in large graphene/hBN heterostructures, 
and substrate effects on exciton binding energies in WS2. Our findings justifies the Lego 
brick picture for the dielectric properties of a vdWH as governed by the dielectric function of 
its constituent 2D crystals.
[1] Geim, a. K. and Grigorieva, I. V. Van der Waals heterostructures, Nature 499, 419-25 (2013).
[2] Andersen, K., Latini, S., Thygesen, K. S. The Dielectric Genome of van der Waals Heterostruc-

tures (Submitted) 

Tuesday 16:45 h, Chamber Hall, Contributed S25 C8

Emergence of ferroelectricity and spin-valley properties in 
twodimensional honeycomb binary compounds

Domenico Di Sante1, Paolo Barone1, Alessandro Stroppa1, Myung-Hwan Whangbo2, 
Silvia Picozzi1

1) CNR-SPIN L’Aquila, Italy
2) Department of Chemistry, North Carolina State University, Raleigh, North Carolina 27695-8204, 

USA

2D atomic crystals with honeycomb lattice, such as graphene and molybdenum disulfide 
MoS2 monolayer, have been the object of intense research activities due to the additional 
valley properties of carriers that might be useful in next-generation electronics applications. 
Starting from these premises, by means of DFT calculations, we predict that several two-
dimensional AB binary monolayers, where A and B atoms belong to group IV or III-V, are 
ferroelectric. Dipoles arise from the buckled structure, where the A and B ions are located on 
the sites of a bipartite corrugated honeycomb lattice. We discuss the emerging valley-
dependent properties and the coupling of spin and valley physics, which arise from the loss 
of inversion symmetry, and explore the interplay between ferroelectricity and Rashba spin-
splitting phenomena. We show that valley-related properties originate mainly from the binary 
nature of AB monolayers, while the Rashba spin-texture developing around valleys is fully 
controllable and switchable. Our work suggests a route towards the integration of valleytronic 
and spintronic features in ferroelectric multivalley materials, opening unforeseen possibility 
for spintronics.
[1] D. Di Sante, A. Stroppa, P. Barone, M.-H. Whangbo & S. Picozzi, Phys. Rev. B 91, 161401(R) 

(2015)



Ψk-2015

226 Abstracts of  Inv i ted and Contr ibuted Talks

Tuesday 17:00 h, Chamber Hall, Invited S25 I5

Universal enhancement of superconductivity in two dimensional 
semiconductors at low doping by electron-electron interaction

Matteo Calandra1, Christos Gougoussis1, Francesco Mauri1

1) CNRS 

In two-dimensional multivalley semiconductors, at low doping, even a moderate electron-
electron interaction enhances the response to any perturbation inducing a valley polarization. 
If the valley polarization is due to the electron-phonon coupling, the electron-electron 
interaction results in an enhancement of the superconducting critical temperature. By 
performing first principles calculations beyond density functional theory, we prove that this 
effect accounts for the unconventional doping-dependence of the superconducting transition-
temperature (Tc) and of the magnetic susceptibility measured in LixZrNCl. By finding the 
conditions for a maximal Tc enhancement, we show how weakly-doped two-dimensional 
semiconductors provide a route towards high Tc superconductivity.

Tuesday 17:30 h, Chamber Hall, Contributed S25 C9

Photo-induced dynamics in low dimensional materials: strong IR 
illumination inducing lattice and electronic dynamics

Yoshiyuki Miyamoto1

1) Nanomaterials Research Institute, National Institute of Advanced Industrial Science and 
Technology (AIST), Japan

We will present application of the time-dependent density functional theory for studying the 
light induced lattice dynamics and subsequent structural change of layered material, 
hexagonal boron nitride (hBN). We propose enhancement of dipole-dipole attraction induced 
by A1u phonon mode of hBN layers that moves boron (B) and nitrogen (N) atoms oppositely 
in out-of-plane directions.

When IR optical frequency exactly matches the A1u frequency, the amplitude of A1u 
phonon mode has significantly grow giving raise parallel dipole moment on each hBN layer. 
Because of the parallel dipoles, we can generate the interlayer attraction. When we set the 
power of IR laser as 1.327x1013 W/cm2 (corresponding optical field as 1V/Å), we have 
significant shortening of the hBN interlayer distance over 11 % of original distance.

While after that the hBN distance turned to increase which was followed by electronic 
excitation. We learned from our simulation that the narrowing gap due to increase amplitude 
of phonon and strong laser field could conduct electronic excitation that caused each layer 
separated besides phonon excitation. We will discuss tunable strength of the laser intensity 
that can persistently reduce interlayer distance and possible structural change.

This work was done in collaboration with Dr. T. Miyazaki, Prof. H. Zhang and Prof. A.

http://physics.aalto.fi/~ark/publist.html
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Tuesday 17:45 h, Chamber Hall, Contributed S25 C10

Diffusion Monte Carlo Study of Charge Career Complexes in  
Two-Dimensional Semiconductors

Marcin Szyniszewski1, Elaheh Mostaani1, Neil Drummond1, Vladimir Fal’ko1

1) Department of Physics, Lancaster University, Lancaster, LA1 4YB, UK
2) NoWNano DTC, University of Manchester, Manchester, M13 9PL, UK

We use a novel description of the interaction between charges in two-dimensional (2D) 
semiconductors to investigate the binding properties of two-, three- and four-particle 
complexes of charge carriers (excitons, trions and biexcitons). We report binding energies 
and pair distribution functions calculated using diffusion quantum Monte Carlo methods, 
which are exact for these systems. Our results will enable the interpretation of experimental 
photoabsorption and photoluminescence measurements on 2D transition-metal 
dichalcogenide materials. We show that our data are consistent with previous binding-energy 
data for the limits in which the interactions between charges reduce to logarithmic and 
Coulomb (1/r) forms. We find that the logarithmic interaction that has previously been used 
to study excitons and trions in 2D semiconductors provides an inadequate description of the 
behaviour of systems such as molybdenum disulphide, and we provide accurate binding-
energy data for excitons, trions and biexcitons in these materials.
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Symp. 26: Modeling of Defect Levels
Organized by Chris van de Walle

Thursday 10:00–13:00 h, Room 8+9

Thursday 10:00 h, Room 8+9, Invited S26 I1

Radiative and nonradiative carrier capture at point defects: ab 
initio formulation of a classical problem

Audrius Alkauskas1, Qimin Yan2, Cyrus E. Dreyer3, John L. Lyons3, Anderson 
Janotti3, Chris G. Van de Walle3

1) Center for Physical Sciences and Technology, Vilnius, Lithuania 
2) Lawrence Berkeley National Laboratory, USA 
3) Materials Department, University of California Santa Barbara, USA 

In this work we present first-principles methodology to study radiative and nonradiative 
carrier capture at defects. We address: (i) radiative capture rates; (ii) vibrational structure of 
defect luminescence bands; (iii) nonradiative capture rates.

(i) Using defects in GaAs, GaN, and ZnO as examples, we have demonstrated that in 
many cases the transition dipole moment depends weakly on the geometry of the defect, 
enabling the use of the Franck-Condon approximation. The resulting capture coefficients 
and are in a very good agreement with experiment.

(ii) Concerning the vibrational structure of luminescence bands, we have applied different 
approaches for strong and medium electron-phonon coupling. For strong coupling, the 
system can be treated using an effective one-dimensional configuration-coordinate diagram. 
For intermediate coupling all phonon modes have to be included explicitly.

(iii) We have developed a first-principles methodology to determine nonradiative capture 
rates in the case of multiphonon emission. It is argued that the so-called static approach is 
the correct way to formulate perturbation theory. Taking defects in GaN and ZnO as examples, 
we show a very good accord with experimental data. Calculations reveal important trends for 
various defects.

Thursday 10:30 h, Room 8+9, Invited S26 I2

Formation energies and defect levels of charged defects in 2D 
materials

Hannu-Pekka Komsa1

1) COMP, Department of Applied Physics, Aalto University, Finland 

Charged defect calculations in supercells subject to periodic boundary conditions suffer from 
strong and long-ranged electrostatic interactions of the localized charge with its periodic 
images and with the neutralizing background charge. This issue is nowadays well understood 
in cases where the defect is inside a bulk material, and consequently the total energies can 
be corrected well with a posteriori correction schemes. However, in order to obtain reliable 
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results in cases where the defects are introduced to systems exhibiting inhomogeneous 
dielectric response, the correction schemes need to be modified accordingly.

We recently introduced a computational scheme to correct for the electrostatic energy 
errors arising from charged defects interacting with their periodic images in systems of 
inhomogeneous dielectrics, such as in slab calculations or in the case of two-dimensional 
(2D) materials. Here, an overview of the scheme is given and results from benchmark 
calculations are presented. Technical issues and future challenges related to the application 
of the scheme, such as the construction of the dielectric constant profile in various cases, 
are discussed. Finally, we show how the defect level positions in 2D materials depend 
strongly on the environment around the 2D sheet.

Thursday 11:00 h, Room 8+9, Contributed S26 C1

First principles determination of redox potentials from random 
phase approximation and double hybrid functional

Jun Cheng1, Joost VandeVondele2

1) Department of Chemistry, University of Aberdeen 
2) Department of Materials, ETH Zurich 

Redox potentials determine the thermodynamic stability of different charge (oxidation) states 
of ions in aqueous water. Viewing charged ions as defects and the host water as an oxide 
with a large band gap, there exists a close parallel between redox potentials in aqueous 
chemistry and charge transition levels in semiconductor defect physics. No wonder first 
principles computation of these quantities shares many common issues, e.g. uncertainty in 
potential reference, finite size effect, and inaccuracy in density functionals. In this talk, I will 
summarise our method for calculating redox potentials [1], by combining density functional 
theory based molecular dynamics (DFTMD) and free energy perturbation theory. After briefly 
discussing issues on potential reference and finite size effect, I will focus on the calculations 
using different levels of electronic structure methods. In particular, I will show the latest 
results using random phase approximation and double hybrid functional [2]. The results are 
encouraging; both show good improvement over GGAs and hybrid functionals for redox 
couples with very positive potentials.

[1] Jun Cheng, X.-D. Liu, J. VandeVondele, M. Sulpizi, M. Sprik, Acc. Chem. Res. 2014, 47, 3522.
[2] M. Del Ben, J. Hutter, J. VandeVondele, J. Chem. Theory and Comput. 2013, 9, 2654-2671.

Thursday 11:15 h, Room 8+9, Contributed S26 C2

Vacancy formation energy in alloys: an example of TiAlN

Ferenc Tasnadi1, Magnus Odén1, Igor A. Abrikosov1

1) IFM Linköping University 

Beyond the equilibrium thermodynamic and mechanical properties of materials their non-
equilibrium kinetic behaviours are in capital importance for modern industrial applications.
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Vacancy mediated microstructural evolution is of major importance in high temperature 
applications, e.g. in modern coatings used as protection of metal cutting inserts such as 
TiAlN-alloys.

We present a technique for simulations of vacancy formation in alloys using a supercell 
approach. In contrast to elemental materials or ordered compounds, calculation of the 
vacancy formation energies requires concentration and configurational corrections. We 
establish the fact that there is a distribution of vacancy formation energies with large variation 
depending on the local chemical environments of the vacancies.

Using a cluster expansion on the derived formation energies, we demonstrate the major 
importance of the first two metallic coordination shells in TiAlN. We introduce a three-
dimensional representation of the vacancy formation energies and we show to very good 
approximation, the vacancy formation energies arrange themselves around a plane. Using 
the least-squares fitted equations of these planes and 6480 randomly generated local 
environments we argue that in disordered alloys vacancies should occur in local environments 
that correspond to the lowest formation energies rather than distributed statistically.



Ψk-2015

 Abstracts of  Inv i ted and Contr ibuted Talks 231

Thursday 11:30 h, Room 8+9, Invited S26 I3

Defect-defect interaction at surfaces and interfaces at realistic 
conditions: Global versus local effects of doping

Sergey V. Levchenko (*)1

1) Fritz-Haber-Institut der MPG, 14195 Berlin, DE 

An important parameter influencing defect concentration and defect charge states is doping. 
It is useful to distinguish local and global effects of doping. The local effects occur due to a 
direct chemical-bonding interaction and lattice relaxation around the dopant. The global 
effect is controlled by the presence of charge-carriers (electron chemical potential) and 
charge separation on meso- to macroscopic length scales. In this contribution, we show that 
(and how) the global effect of doping influences the transition levels and formation energies 
of defects at interface significantly. In our approach, the energy density of the electric field is 
considered as part of the free energy of the system. Two main contributions to the defect 
formation energy are identified: the interaction of a charged defect with the compensating 
charge, and the shift in the Fermi level due to the space-charge formation. Both contributions 
are present in periodic model calculations, but must be corrected for realistic defect 
concentrations. We also discuss the interplay between defect site coordination and charge-
carrier trapping at oxide surfaces, and the prospects and pitfalls of tuning the fraction of the 
exact exchange in hybrid functionals to improve the description of defect charging.

(*) Work performed in collaboration with Matthias Scheffler

Thursday 12:00 h, Room 8+9, Contributed S26 C3

Electrostatics-based finite-size corrections for point defects in 
semiconductors

Yu Kumagai1, Fumiyasu Oba1

1) Tokyo Institute of Technology 

First-principles point defect calculations usually adopt three-dimensional periodic boundary 
conditions, which can lead to huge errors in charged defect formation energies in semiconductors 
up to several electronvolts. The main error sources are artificial electrostatic interactions 
related to periodic images and uniform background charge. Recently, Freysoldt et al. proposed 
a scheme to accurately construct the finite-size correction energies a posteriori. Their original 
correction scheme, however, uses a dielectric constant that is suitable for isotropic systems. 
Furthermore, it adopts a planar-averaged potential for determining the potential offset between 
the defect-induced and model charge potential, which can not be readily applied to defects 
with large atomic relaxation associated with electric-field screening.

To remedy these deficiencies, we extend their scheme by rewriting the formalism in an 
anisotropic form with a dielectric matrix and by using atomic site local potential as a potential 
marker. The corrective capability was systematically assessed for 17 defects in 10 materials: 
defect formation energies in diverse materials are excellently corrected within errors of less 
than 0.2 eV for small supercells containing around 100 atoms. 
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Thursday 12:15 h, Room 8+9, Contributed S26 C4

Hydrogen Induced Defect at Strained Si-O Bonds in Amorphous 
Silicon Dioxide

Al-Moatasem El-Sayed1, Matthew Watkins1, Tibor Grasser2, Valery Afanas’ev3, 
Alexander Shluger1

1) University College London 
2) TU Wien 
3) University of Leuven 

Using ab initio modelling, we demonstrate that H atoms can break strained Si-O bonds in 
continuous amorphous silicon dioxide (a-SiO2) networks resulting in a defect which we call 
the hydroxyl E\’ centre. Unlike crystalline silicon dioxide, where neutral H atoms occupy 
interstitial positions and exhibit negative U behaviour, the neutral hydroxyl E\’ centre in 
a-SiO2 is thermodynamically stable in a number of configurations over a range of Fermi 
levels.

More than 100 models of a-SiO2, each containing 216 atoms, were generated in order to 
model the distribution of the defects\’ properties using a classical potentials and a melt-and-
quench technique and further relaxed using DFT. The non-local functional PBE0_TC_LRC 
was used to accurately model the defect levels in the CP2K code. The hydroxyl E\’ centres 
are produced when H atom reacts with strained Si-O bonds which requires overcoming a 
barrier of 0.5 to 1.3 eV, dependent on the local environment. Due to disorder, the defect 
levels are spread over a 2 eV range. We also find that the hydroxyl E\’ centre can trap a hole 
or an extra electron as well as take part in further reactions with H atoms and H2 molecules.
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Thursday 12:30 h, Room 8+9, Invited S26 I4

Determination of Defect Levels through Advanced Electronic 
Structure Methods

Alfredo Pasquarello1

1) Ecole Polytechnique Fédérale de Lausanne (EPFL) 

Defect-level calculations performed through the use of semi-local density functional 
approaches generally suffer from severe band-gap underestimations, which lead to 
ambiguous results when attempting to determine defect levels within the band gap. More 
advanced electronic-structure methods such as hybrid functional and many-body GW 
perturbation methods can nowadays be considered leading to band gaps in better agreement 
with experiment. However, it is not clear whether these advanced methods give consistent 
descriptions of defect levels, neither it is clear to what extent calculated defect levels are 
reliable with respect to experiment. This presentation precisely focuses on these issues. We 
determine charge transition levels with both hybrid functionals and GW for a selected set of 
defects. In particular, we discuss how to overcome specific computational difficulties inherent 
to the adopted schemes. We show that defect levels of atomically localized defects as 
calculated with different electronic structure methods are consistent, provided the defect 
levels are given with respect to the average electrostatic potential. However, the position of 
the band edges may differ considerably. As experimentally determined defect levels are 
given with respect to the band edges, this indetermination leads to the appearance of a 
“band-edge problem”. Finally, we attempt to discriminate between hybrid-functional and GW 
schemes by comparing our results to experimentally determined defect levels.
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Symp. 27: Transport Properties
Organized by Kiyo Terakura, Hardy Gross, Feng Yuang Ping

Tuesday 10:00–13:00 h, Room 8+9

Tuesday 10:00 h, Room 8+9, Invited S27 I1

Steady-state density functional theory for finite bias 
conductances

Stefan Kurth1

1) Univ. of the Basque Country UPV/EHU, San Sebastian, Spain, and IKERBASQUE, Basque 
Foundation for Science, Bilbao, Spain 

The popular ab-intio framework to describe electron transport combining static density 
functional theory (DFT) with the Landauer formalism is in principle incomplete since it 
neglects the dynamical exchange-correlation (xc) contributions to the bias stemming from 
time-dependent DFT. Unfortunately, modelling of these dynamical xc contribution is still in its 
infancy.

Here we propose a steady-state DFT formalism with the density on the junction as well 
as the steady-state current as basic variables. We proove that the map between the set local 
potential v(r) and bias V on one hand and local density n(r) and steady-state current I on the 
other hand is invertible in a finite bias window around V=0. The resulting Kohn-Sham system 
features two xc potentials, an xc contribution to the local gate potential and an xc contribution 
to the bias. We construct these xc potentials for model systems by reverse engineering and 
show that they exhibit step-like ridges in the plane of total electron number and current. For 
small currents these ridges emerge as the discontiuity of the equilibrium xc potential at 
integer electron number bifurcates. These ridges are the crucial feature to describe within a 
DFT framework the typical Coulomb blockade diamonds in the differential conductance of 
nanoscale systems in the plane of gate and bias voltages.

Tuesday 10:30 h, Room 8+9, Invited S27 I2

Tunneling and Diffusive Charge Transport at the Nanoscale from 
First Principles

Jeffrey B. Neaton1,2,3

1) Department of Physics, University of California, Berkeley, Berkeley, CA 
2) Molecular Foundry, Lawrence Berkeley National Laboratory, Berkeley, CA 
3) Kavli Energy NanoSciences Institute at Berkeley, Berkeley, CA 

The ability to discover, understand, and design new functional nanostructured materials 
requires intuition connecting carrier transport phenomena to chemical composition, atomic-
scale structure, dimensionality, and environment. Here I will describe two classes of ab initio 
methods, in the context of select applications, for studying carrier transport in complex 
materials based on density functional theory and many-body perturbation theory. First, I will 
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summarize a predictive theory of interfacial level alignment based on the GW approximation, 
and its recent application to understanding recently-measured bias-dependent coherent 
tunneling phenomena in molecular-scale devices. Second, I will summarize calculations of 
hot carrier thermalization and generation in bulk materials, also based the GW approximation, 
suggesting specific routes for extracting energetic electrons and holes via nanostructuring 
that may enhance their energy conversion efficiencies. This work was supported by the US 
Department of Energy.

Tuesday 11:00 h, Room 8+9, Contributed S27 C1

Molecular Rectifiers: A new design based on asymmetric 
anchoring moieties

Colin Van Dyck1, Mark A. Ratner1

1) Northwestern University 

Nowadays best single molecule rectifiers exhibit limited performances, with typical 
rectification ratios lower than 10. In previous works, we focused on the Fermi level alignment 
problem in molecular junctions, more particularly the characterization of the Fermi level 
pinning phenomenon, at the theoretical level. This effect has a deep influence on the 
response of the transmission spectrum to an applied bias. Indeed, the pinning leads to a 
control and a splitting of the energy levels coupled to their respective electrodes. This is at 
the origin of a consequent orbital polarization effect.

Relying on our characterization of these effects, we introduce here three simple rules to 
design an efficient rectifying molecule, and demonstrate its functioning at the theoretical 
level, using the NEGF-DFT technique. The design rules notably require both the introduction 
of asymmetric anchoring moieties and a decoupling bridge. They lead to a new rectification 
mechanism based on the high compression and control of the HOMO/LUMO gap by the 
electrode Fermi levels, arising from a pinning effect. Significant rectification ratios up to 150 
can easily be obtained and are theoretically predicted, as the mechanism opposes the 
resonant to the non-resonant tunneling transport mechanisms.

Van Dyck Nano Letters 2015 15 1577
Advanced Functional Materials 2014 24 6154
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Tuesday 11:15 h, Room 8+9, Contributed S27 C2 

Transient quantum transport: Nonequilibrium Green’s Function 
Approach Made Fast

Simone Latini1, Anna-Maija Uimonen2, Robert Van Leeuwen2, Enrico Perfetto1

1) University of Rome Tor Vergata, Italy 
2) University of Jyvaskyla, Finland 

Real-time NonEquilibrium Green\’s function (NEGF) simulations of the charge dynamics in 
molecular junctions (open quantum systems) are exceedingly expensive due to the two-time 
dependence of the NEGF. In this talk we propose a simplified Green\’s function approach 
based on the Generalized Kadanoff-Baym Ansatz (GKBA) to significantly speed up the 
calculations and yet stay close to the NEGF results. This is achieved through a twofold 
advance: first we show how to make the GKBA work in open systems and then construct a 
suitable quasi-particle propagator that includes correlation effects in a diagrammatic fashion. 
We also provide evidence that the GKBA scheme, although already in good agreement with 
the NEGF approach, can be further improved without increasing the computational cost.
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Tuesday 11:30 h, Room 8+9, Invited S27 I3

Time-dependent thermoelectric transport at the nanoscale

Florian Eich1, Alessandro Principi1, Massimiliano Di Ventra2, Giovanni Vignale1

1) University of Missouri, Columbia 
2) University of California, San Diego 

We present our recent proposal for a time-dependent Density-Functional Theory (DFT) that 
aims at the description of thermoelectric phenomena from first principles. In order to study 
thermoelectric effects, not only the charge, but also the energy flow needs to be directly 
accessible, which is achieved by including the energy density as basic variable in our thermal 
DFT. The conjugated potential to the energy density is the thermo-mechanical potential, a 
mechanical proxy for local temperature variations put forward by Luttinger more than 50 
years ago. We show that our approach to thermal transport, employing Luttinger\’s thermo-
mechanical potential, encompasses the widely used Landauer-B\\”uttiker (LB) formula. 
However, it also allows for a time-dependent thermo-mechanical potential, which is of crucial 
importance for a proper description of transport. Our approach allows us to investigate, for 
example, the transient flow of charge and energy through an atomic chain, when the 
temperature in one end of the chain is suddenly changed.

Moreover, we discuss how the energy density provides a viable route towards the 
definition of a local temperature and show temperature distributions in nanoscale devices in 
the nonlinear regime, i.e., beyond the applicability of Fourier\’s law.

Tuesday 12:00 h, Room 8+9, Contributed S27 C3

Modeling electronic transport in layered organic crystals

Rajarshi Tiwari1, Stefano Sanvito1

1) School of Physics and CRANN, Trinity College Dublin, Ireland 

We present a study of the electronic and transport properties of two-dimensional organic 
semiconductors. These are formed by large molecules and have moderate lattice elastic 
costs, so that lattice vibrations produce strong disorder and are the primary source of 
electronic scattering. The impact of vibrations on the electronic properties can be viewed as 
dynamic disorder acting on (i) the onsite energy levels and (ii) the electronic hopping. 
Consequently, they affect the electronic mobility. A reference tight binding model for durene, 
with diagonal Holstein coupling, gλ, and non-diagonal Peierls coupling, αλ, is sufficient to 
provide an adequate description of charge transport.

We use a combination of Holstein and Peierls model to mimic the finite temperature 
properties of these systems, and we solve the model by mean of a real-space Monte-Carlo 
approach. Our results (a) characterise the impact of lattice disorder on the electronic 
properties in durene-like layered systems, and (b) provide a quantitative estimation of carrier 
mobility of durene, based on its phonon spectra and electronic couplings determined via ab 
initio calculations. Furthermore it allows us to make predictions on the possibility to tune the 
electronic transport.
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Tuesday 12:15 h, Room 8+9, Contributed S27 C4

Thermal Conductivity of Graphene and Graphite: Collective 
Excitations and Mean Free Paths

Giorgia Fugallo1, Andrea Cepellotti2, Lorenzo Paulatto3, Michele Lazzeri3, Nicola 
Marzari2, Francesco Mauri3

1) European Theoretical Spectroscopy Facility, Laboratoire des Solides Irradiés, École 
Polytechnique, 91128 Palaiseau cedex, France 

2) École Polytechnique Fédérale de Lausanne, Station 12, 1015 Lausanne, Switzerland 
3) CNRS/ IMPMC, Universit ́ Pierre et Marie Curie, e 4 place Jussieu, F-75252 Paris, France 

I will present a complete characterization of the thermal conductivity of graphite, graphene 
and related compounds, solving exactly [1] the Boltzmann transport equation (BTE) for 
phonons in the framework of density functional perturbation theory. For graphite, the results 
are found to be in excellent agreement with experiments and 1 order of magnitude larger 
than what found by solving the BTE in the standard relaxation time approximation. For 
graphene, a meaningful value of intrinsic thermal conductivity at room temperature can be 
obtained only for sample sizes of the order of 1 mm, something not considered previously 
[2]. This unusual requirement is because collective phonon excitations, and not single 
phonons, are the main heat carriers in these materials [2,3]; these excitations are 
characterized by mean free paths of the order of hundreds of micrometers. As a result i) the 
thermal conductivity is high but does not diverge in infinitely large systems and ii) the 
Fourier’s law becomes questionable in typical sample size.
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[1] G. Fugallo, M. Lazzeri, L. Paulatto, and F. Mauri, Phys. Rev. B 88, 045430 (2013).
[2] G. Fugallo, A. Cepellotti, L. Paulatto, M. Lazzeri, N. Marzari, and F. Mauri, Nano Letters 14, 6109 

(2014)
[3] A.Cepellotti, G. Fugallo, L. Paulatto, M. Lazzeri, F. Mauri, and N. Marzari, Nature Comm. 6, 6400 

(2015)

Tuesday 12:30 h, Room 8+9, Invited S27 I4

Ab initio modeling of steady-state transport properties of 
nonequilibrium quantum systems

Chun Zhang1

1) Department of Physics, National University of Singapore 

We present a steady-state density functional theory (SS-DFT) for electronic structures and 
transport properties of nonequilibrium quantum systems such as molecular junctions under 
a finite bias. Based on the steady-state nonequilibrium statistics that maps nonequilibrium to 
an effective equilibrium, we show that two densities, the total electron density and the density 
of current-carrying electrons, are necessary and sufficient to uniquely determine the steady-
state properties of a nonequilibrium quantum system. A self-consistent mean-field approach 
based on two densities is then derived. We show that when the bias voltage is not zero, the 
current-carrying electrons “experience” a different mean-field potential from equilibrium 
electrons that do not contribute to electric current. The theory is applied to study properties 
of a carbon-nanotube (CNT)/Benzene junction. Results obtained from our steady-state DFT 
(SS-DFT) are compared with those of conventional ground-state DFT (GS-DFT) based 
nonequilibrium transport calculations. Important differences are presented and discussed.
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Symp. 28: Matter Under Extreme Conditions
Organized by Hardy Gross, Angel Rubio 

Thursday 9:45–12:45 h, Room 4+5

Thursday 9:45 h, Room 4+5, Invited S28 I1

Transport properties of iron mixtures at Earth’s core conditions

Dario Alfe1, M. Pozzo1, C. Davies2, D. Gubbins2,3

1) University College of London, UK 
2) School of Earth and Environment, University of Leeds, UK 
3) Scripps, University of California San Diego, USA 

The Earth is a dynamic planet, reshaping its surface and its interior on geological time 
scales. Most of the energy responsible for these activities was deposited in the original 
accretion process 4.5 billion years ago, and is continuously produced in the decay of 
radioactive material. 

On much shorter time scales (thousands of years), the Earth\’s liquid outer core recycles 
and mixes throughout. These convective motions are responsible for the generation of the 
Earth magnetic field, and for transporting heat from the bottom of the core to the base of the 
mantle, where it is used to drive mantle convection. 

Transport of heat mechanisms in the core are determined by the thermal conductivity of 
core material. Ohmic dissipation of the magnetic field generating currents depends on the 
electrical conductivity. Knowledge of these two parameters is therefore essential to build a 
thermal model of the Earth and its magnetic field.

Here I will present first principles computer simulation of the electrical and thermal 
conductivity of core material. Our results are significantly higher than conventional estimates 
based on extrapolation from ambient conditions, and have important consequences for our 
understanding of the Earth\’s thermal structure. I will also discuss recent experiments which 
appear to confirm the theoretical predictions.
M. Pozzo, C. Davies, D. Gubbins, and D. Alfè, “Thermal and electrical conductivity of iron at Earth\’s 
core conditions”, Nature 485, 355-358 (2012); Physical Review B 87, 014110 (2013); Earth and Plan-
etary Science Letters 393, 159-164 (2014).

Thursday 10:15 h, Room 4+5, Invited S28 I2

Crystal Structure Prediction Boosting Up High Pressure 
Discoveries

Yanming Ma1

1) State Key Lab of Superhard Materials, Jilin University, China 

Knowledge of crystal structures is essential if the properties of materials are to be understood 
and exploited. Crystal structure prediction at high pressures has recently become a topic of 
considerable interest, 1 and it often plays a leading role in major high-pressure discoveries.1 
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CALYPSO structure prediction method2 is an efficient approach based on swarm-intelligence 
algorithm, and it takes the advantage of swarm intelligence and structures smart learning 
and has been coded into CALYPSO software package (http://www.calypso.cn, free for 
academic use). 

In this presentation, I will give a short introduction to the CALYPSO method,2 and then 
focus on the application of CALYPSO method into exploration of high-pressure structures for 
several interesting systems. Exotic physics and chemistry not accessible to ambient pressure 
were revealed by taking examples of unexpected chemical reactions of Fe-Xe, N2-Xe, 
HCl-H2, and Hg-F2 at high pressures with the formation of unusual stoichiometries.3 Reaction 
of Fe and Xe in the conditions of Earth core3 might provide a possible solution of “missing 
Xe paradox”. Emphasis will also be placed on our prediction of high-Tc superconductivity of 
H2S

4 and its later breakthrough experimental observation at Tc = 190 K.5

References:
[1] Y. Wang, Y. Ma, J. Chem. Phys. 140, 040901 (2014).
[2] Y. Wang, J. Lv, L.Zhu, and Y. Ma, Phys. Rev. B 82, 094116 (2010); Comput. Phys. Commun. 183, 

2063 (2012). 
[3] L. Zhu, H. Liu, C. Pickard, G. Zou, and Y. Ma, Nature Chem. 6, 644 (2014).
[4] Y. Li, J. Hao, H. Liu, Y. Li, and Y. Ma, J. Chem. Phys. 140, 174712 (2014).
[5] Drozdov, A. P., Eremets, M. I. & Troyan, I. A. arXiv.org cond-mat.supr-con, 460 (2014).

Thursday 10:45 h, Room 4+5, Contributed S28 C1

High-pressure and nonlinear elastic response of solids: Example 
of carbon allotropes

Pasquale Pavone1, Rostam Golesorkhtabar1, Stefan Kontur1, Claudia Draxl1

1) Humboldt-Universität zu Berlin, Physics Department and IRIS Adlershof, Zum Großen Windkanal 
6, 12489 Berlin, Germany 

As prototype materials showing strong nonlinear elastic behaviour, diamond and, more 
recently, layered carbon allotropes have attracted much attention. However, even the 
nonlinear elasticity of diamond is not completely clarified: Experimentally, nonlinear elastic 
constants of diamond were investigated only recently [1], showing significant discrepancies 
with theoretical results. Furthermore, the standard ab-initio reference calculation for diamond 
[2] is nowadays about 30 years old and needs to be updated in the light of current development 
of theory, numerical algorithms, and available computer power. Using the full-potential all-
electron package exciting [3], we perform a systematic ab-initio investigation of the nonlinear 
elastic properties of diamond, graphene monolayers, as well as simple-hexagonal, 
hexagonal, and rhombohedral graphite. We develope an extension of the ElaStic tool [4] for 
the determination of third-order elastic constants. From these results the pressure 
dependence of linear elastic constants is obtained and connected to dynamical quantities 
like the mode Grüneisen parameters. 
[1] J.M. Lang, et al., Phys. Rev. Lett. 106, 125502 (2011).
[2] O.H. Nielsen, Phys. Rev. B 34, 5808 (1986).
[3] A. Gulans, et al., J. Phys.: Condens. Matter 26, 363202 (2014).
[4] R. Golesorkhtabar, et al., Comp. Phys. Commun. 184, 1861 (2013).
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Thursday 11:00 h, Room 4+5, Contributed S28 C2

Improving Ab-Initio Methods for Warm Dense Matter Simulations

Attila Cangi1, Aurora Pribram-Jones2

1) Max Planck Institute of Microstructure Physics 
2) Department of Chemistry, University of California, Irvine 

Warm dense matter (WDM) is a highly energetic phase of matter with characteristics of 
solids, liquids, gases and plasmas. Many pending and fundamental questions rely on our 
understanding of WDM, such as the physics behind the formation of planets, the nature of 
chemistry under extreme conditions, and the possibility to control nuclear fusion. Simulation 
of WDM requires computational methods that capture both quantum and classical behavior 
efficiently under high-temperature and high-density conditions. Currently, molecular 
dynamics in conjunction with Kohn-Sham density functional theory (KS-DFT) is used 
successfully to model electrons and ions. But this method suffers from two fundamental 
drawbacks: 

(i) the computational cost skyrockets as temperatures and densities increase;
(ii) temperature effects complicate exchange-correlation approximations.
In my talk I introduce an alternative approach – finite-temperature potential functional 

theory – which avoids the bottleneck of KS-DFT. The underlying premise is that leading 
corrections to local approximations (such as Thomas-Fermi theory)

(1) are universal functionals of the potential; 
(2) can be derived under WDM conditions; 
(3) dramatically improve upon efficiency and accuracy.
I demonstrate this for a model system and give a perspective on future developments.
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Thursday 11:15 h, Room 4+5, Invited S28 I3

DFT for warm dense matter

Kieron Burke1

1) UC Irvine 

Warm dense matter is matter with solid-state densities but significantly above room 
temperature. It is of increasing interest in diverse applications, such as understanding 
planetary interiors, explosions, and inertial confinement fusion. For temperatures below 
about 50,000K, a standard approach is to perform a Kohn-Sham (KS) DFT calculation with 
thermally occupied KS levels. This neglects changes to the exchange-correlation due to 
finite temperature. At even greater temperatures, it eventually becomes impractical to 
converge sums over the KS levels, and pure DFT is needed.

I will summarize recent work of my group and others on this old frontier.

Thursday 11:45 h, Room 4+5, Contributed S28 C3

Quantum Monte Carlo study of the phase diagram of solid 
molecular hydrogen at extreme pressures

Jonathan Lloyd-Williams1, Neil Drummond2, Bartomeu Monserrat1, Pablo Lopez 
Rios1, Chris Pickard3, Richard Needs1

1) University of Cambridge 
2) Lancaster University 
3) University College London 

Hydrogen is the simplest and most abundant of all elements and yet it displays amazing 
richness in its phase behaviour: it is observed to form a quantum crystalline state and 
orientationally ordered molecular phases, and it has been predicted to exhibit a liquid-metal 
phase at high pressures and low temperatures, metallic superfluid and superconducting 
superfluid states and high-temperature superconductivity. We have focused on the observed 
high-pressure solid molecular phases II, III and IV, which we have modelled using structures 
found in DFT searches. We have used the highly accurate diffusion quantum Monte Carlo 
method to calculate static-lattice energies for solid hydrogen at pressures up to 400 GPa, to 
which we have added anharmonic vibrational energies calculated within density functional 
theory.
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Thursday 12:00 h, Room 4+5, Contributed S28 C4

New hydrogen bond network topologies in alkali hydroxides 
under pressure

Andreas Hermann1, Malcolm Guthrie2, Richard J. Nelmes1, John S. Loveday1, Neil W. 
Ashcroft3, Roald Hoffmann3

1) The University of Edinburgh, Edinburgh, United Kingdom 
2) European Spallation Source, Lund, Sweden 
3) Cornell University, Ithaca, United States 

Alkali hydroxides, MOH, where M is an alkali metal from Li to Cs, are intriguing compounds 
at the crossroads of molecular/hydrogen and ionic bonding. They can be regarded as 
simplest model systems of hydrous minerals. The hydroxyl groups form hydrogen-bonded 
networks, and the response of the hydrogen bond network structure to increasing pressure 
is of particular interest and has been the subject of numerous experimental and computational 
studies.

Here, we study the high-pressure phase transitions of all alkali hydroxides using first-
principles calculations and crystal structure prediction. We re-interpret existing x-ray 
diffraction data and argue that previous assignments of several phases in the pressure 
regime relevant to Earth’s mantle conditions (around P=10GPa) should be revised. We show 
that the alkali hydroxides exhibit a surprising range of hydrogen bond network topologies 
under pressure: one-dimensional linear hydroxyl chains in LiOH, two-dimensional bifurcated 
hydroxyl layers in NaOH, zero-dimensional localised (OH)4 units in KOH and RbOH, and an 
isosymmetric phase transition in CsOH around P=10GPa. The nature of the hydrogen bond 
network will greatly influence the materials’ elastic and convective properties under conditions 
relevant to geosciences.
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Symp. 29: Electronic Structure Theory for Biophysics
Organized by Carsten Baldauf, Leonardo Guidoni and Gerrit 

Groenhof
Part 1: Wednesday 15:45–17:15 h, Room 10

Wednesday 15:45 h, Room 10, Invited S29 I1 

Electron flow through bacterial nanowire proteins

Marian Breuer1, Kevin Rosso2, Jochen Blumberger1

1) University College London 
2) Pacific Northwest National Laboratory, USA 

In my talk I will describe our recent efforts to compute the microscopic parameters determining 
electron transfer in a recently crystallised deca-heme protein (`bacterial nanowire\’)[1], 
employing fragment-orbital DFT and classical molecular dynamics simulation.

Comparison between the computed electron flux through the protein, based on sequential 
electron hopping between the frontier orbitals of the heme groups[2,3], and the experimental 
solution kinetics on a related protein complex[4] indicates good agreement. We find that 
electron transport along the heme nanowire is a finely tuned balancing act between the ups 
and downs on the free energy landscape[5] and heme-heme electronic coupling[3]. 
Interestingly, at the presence of a finite bias voltage applied to the ends of the protein, 
calculations based on electron hopping predict currents that are three orders of magnitude 
lower than measured using in AFM experiments[5].

Possible alternative conduction mechanisms that give rise to the high currents observed 
in AFM experiments will be discussed.
1] Clarke et al Proc. Natl. Acad. Sci. 108 9384 (2011)
[2] Polizzi et al Faraday Discuss 155 43 (2012)
[3] M. Breuer, K. M. Rosso, J. Blumberger Proc. Natl. Acad. Sci. USA 111 611 (2014).
[4] White et al Proc. Natl. Acad. Sci. USA 110 6346 (2013)
[5] M. Breuer, P. Zarzycki, J. Blumberger, K. M. Rosso, J. Am. Chem. Soc. 134 9868 (2012)
[6] Wigginton et al Geochim. Cosmochim. Acta 71 543 (2007)
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Wednesday 16:15 h, Room 10, Contributed S29 C1

Applications of Large-Scale Electronic Structure Calculations in 
Biology

Daniel Cole1, Greg Lever1, Louis Lee1, Cedric Weber2, David O’Regan3, Nick Hine5, 
Alex Chin1, Chris-Kriton Skylaris4, Mike Payne1

1) University of Cambridge 
2) King’s College London 
3) Trinity College Dublin 
4) University of Southampton 
5) Warwick University 

Recent progress in linear-scaling density functional theory (DFT) software allows electronic 
structure calculations of systems comprising many thousands of atoms to be performed on 
a routine basis [1], allowing access to typical length-scales in many biomolecules. In this 
talk, I will give examples of some of the areas in the biological sciences where DFT can play 
a role - from the energetics of chemical reactions in enzymes [2] and binding of small 
molecules by metalloproteins [3,4], to the parameterisation of model Hamiltonians to describe 
energy transfer in photosynthetic light-harvesting complexes [5] and drug development in 
medicinal chemistry [6].
[1] www.onetep.org/
[2] Lever, Cole, et al., Large-Scale Density Functional Theory Transition State Searching in Enzymes, 

J. Phys. Chem. Lett., 5, 3614 (2014)
[3] Weber, Cole, O\\\’Regan, Payne, Renormalization of Myoglobin-Ligand Binding Energetics by 

Quantum Many-Body Effects, Proc. Natl. Acad. Sci. U.S.A., 111, 5790 (2014)
[4] Cole, O\\\’Regan, Payne, Ligand Discrimination in Myoglobin from Linear-Scaling DFT+U, J. Phys. 

Chem. Lett., 3, 1448 (2012)
[5] Cole, et al., Toward ab initio Optical Spectroscopy of the Fenna-Matthews-Olson Complex, J. 

Phys. Chem. Lett., 4, 4206 (2013)
[6] Lee, Cole, et al., Polarized Protein-Specific Charges from Atoms-in-Molecule Electron Density 

Partitioning, J. Chem. Theory Comput., 9, 2981 (2013)

Wednesday 16:30 h, Room 10, Contributed S29 C2

Nuclear Quantum Effects on the stability of DNA base pairs

Wei Fang1, Ji Chen1, Yexin Feng2, Mariana Rossi3, Xin-Zheng Li2, Angelos 
Michaelides1

1) Thomas Young Centre and Department of Chemistry, University College London and London 
Centre for Nanotechnology, 17-20 Gordon Street, London, WC1H 0AJ, U.K. 

2) School of Physics, Peking University, Beijing 100871, China 
3) Physical & Theoretical Chemistry Laboratory, University of Oxford, South Parks Road Oxford, 

OX1 3QZ, U.K. 

Hydrogen bonding (HB) contributes significantly to the stability of the helical duplex structure 
of DNA. However, the quantum nature of HBs in these systems is usually not taken into 
account. In this study we evaluate the effect of nuclear quantum effects (NQEs) on the 
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binding free energies of the Watson-Crick base pairs, using an ab initio path-integral based 
thermodynamic integration method. We find that NQEs strengthen the binding of both 
Adenine-Thymine and Cytosine-Guanine pairs at room temperature. At a lower temperature, 
however, NQEs can weaken the binding, revealing an interesting temperature dependence 
of NQEs in DNA binding. Analysis of the quantum kinetic energies explains the strengthening 
and weakening effects as a balance between competing quantum effects associated with 
low frequency bond bending and high frequency bond stretching. The delicate changes in 
binding energy due to NQEs can affect the melting temperature of DNA and could also 
provide theoretical insights on the isotope fractionation factors of DNA base pairs. Our study 
establishes a quantitative description of NQEs on the binding of DNA base pairs that could 
also be helpful in understanding similar H-bonded biomolecule systems.

Wednesday 16:45 h, Room 10, Invited S29 I2

Methods to study and represent the potential-energy surface 
(PES) of biomolecules in isolation

Carsten Baldauf1

1) Fritz-Haber-Institut of the MPG 

We study peptides in isolation and compare our results to ion-mobility spectrometry and 
vibrational spectroscopy. The prediction of physical observables depends critically on the 
sampling of a high-dimensional structure search space, for which a computationally cheap 
empirical potential seems desirable. From our experience, e.g. [1], this is prohibitive due to 
the limited accuracy of force fields for describing the interactions that shape the molecules. 
Consequently, we perform structure searches based on density-functional approximations 
(DFA). Between the minima, we characterize direct transitions based on distance criteria in 
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torsion angle space and perform transition-state searches between neighboring minima to 
give a reduced PES representation. Furthermore, we investigate range-separation 
techniques for the interactions that govern structure formation to possibly allow for first-
principles descriptions/parameterizations that are applicable also to larger biomolecules. As 
one basis for that, we create a DFA-based dataset of 45,892 structures of aminoacids in 
isolation and in complex with divalent cations [2,3] to gain insights into structure formation 
trends and as a basis for benchmark efforts.

In collaboration with: Adriana Supady, Franziska Schubert, Markus Schneider, Mateusz 
Marianski, Matti Ropo, Volker Blum, Matthias Scheffler.
[1] Baldauf et al. Chem. Eur. J. 2013 (19), 11224.
[2] Ropo, Baldauf, Blum. arXiv:1505.03708 2015.
[3] http://dx.doi.org/10.17172/NOMAD/20150526220502

Wednesday 9:45 h, Room 10, Invited S29 I3

Origin of the Spectral Shifts among the Early Intermediates of the 
Rhodopsin Photocycle

Ursula Rothlisberger1

2) Laboratory of Computational Chemistry and Biochemistry, Federal Institute of Technology, 1015 
Lausanne, Switzerland (Roethlisberger@epfl.ch)

A combined strategy based on the computation of absorption energies, using the ZINDO/S 
semiempirical method, for a statistically relevant number of thermally sampled configurations 
extracted from QM/MM trajectories is used to establish a one-to-one correspondence 
between the structures of the different early intermediates (dark, batho, BSI, lumi) involved 
in the initial steps of the rhodopsin photoactivation mechanism and their optical spectra. A 
systematic analysis of the results based on a correlation-based feature selection algorithm 
shows that the origin of the color shifts among these intermediates can be mainly ascribed 
to alterations in intrinsic properties of the chromophore structure, which are tuned by several 
residues located in the protein binding pocket. In addition to the expected electrostatic and 
dipolar effects caused by the charged residues (Glu113, Glu181) and to strong hydrogen 
bonding with Glu113, other interactions such as pi-stacking with Ala117 and Thr118 backbone 
atoms, van der Waals contacts with Gly114 and Ala292, and CH/pi weak interactions with 
Tyr268, Ala117, Thr118, and Ser186 side chains are found to make non-negligible 
contributions to the modulation of the color tuning among the different rhodopsin 
photointermediates.

P. Campomanes, M. Neri, B. Horta, U. F. Röhrig, S. Vanni, I. Tavernelli, and U. Rothlisberger

Origin of the Spectral Shift among the Early Intermediates of the Rhodopsin Photocycle, J. 
Am. Chem. Soc. 136, 3842-3851 (2014)
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Symp. 29: Electronic Structure Theory for Biophysics
Organized by Carsten Baldauf, Leonardo Guidoni and Gerrit 

Groenhof
Part 2: Thursday 9:45–13:00 h, Room 1+2+3

Thursday 10:15 h, Room 1+2+3, Contributed S29 C3

Structural and dynamical properties of nanoconfined liquid water 
and ice

Jon Zubeltzu1, Fabiano Corsetti1, Paul Matthews1, Emilio Artacho1,2,3,4

1) CIC nanoGUNE, 20018 Donostia-San Sebastián, Spain 
2) Theory of Condensed Matter, Cavendish Laboratory, University of Cambridge, Cambridge CB3 

0HE, United Kingdom 
3) Basque Foundation for Science Ikerbasque, 48011 Bilbao, Spain 
4) Donostia International Physics Center, 20018 Donostia-San Sebastián, Spain 

Understanding the structural tendencies of nanoconfined water is of great interest for nanoscience 
and biology, where nano/micro-sized objects may be separated by very few layers of water. We 
present a study of water confined to a 2D geometry by a featureless, chemically neutral potential, 
in order to characterize its intrinsic behaviour. We use density-functional theory calculations with 
a non-local van der Waals density functional and an ab initio random structure search procedure, 
combined with larger-scale molecular dynamics simulations from ab initio and empirical potentials. 
For very small confinement widths we characterize the ice monolayer. We show that the well-
known ice rules for bulk ice need to be revised in this nanoscale environment, with distinct new 
rules appearing depending on the topology of the 2D hydrogen-bonding network. For larger 
confinement widths we investigate the complex phase diagram of bilayer water. We discuss the 
high-density solid, reminiscent of an hexatic phase, showing that it has exceptionally high 
configurational entropy due to a second level of disorder above the well-known proton disorder 
of bulk ice. Finally, our results suggest that the bilayer liquid can be understood as a supercritical 
mixture of a high-density phase based on this hexatic ice and a low-density phase based on an 
open honeycomb bilayer ice structure.
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Thursday 10:30 h, Room 1+2+3, Contributed S29 C4

Protein field effects on electronic excitations of biological 
chromophores: a QMC and GW/BSE approach in QM/MM 
environment.

Daniele Varsano1, Emanuele Coccia2, Leonardo Guidoni3

1) S3 Center, CNR Institute of Nanoscience, via Campi 213/A, 41125 Modena, Italy 
2) Laboratoire de Chimie Théorique Université Pierre et Marie Curie - CNRS 4 place Jussieu, 

75005 Paris, France 
3) Dipartimento di Scienze Fisiche e Chimiche, Universitá degli Studi dell’Aquila, via Vetoio, 67100 

Coppito, L’Aquila, Italy 

The accurate calculation of electronic excited states of large and electronically correlated 
biological chromophores in their complex protein environment still represents a challenge for 
quantum chemistry. Two ab initio techniques are recently emerging as candidates to correctly 
tackle this issue: Quantum Monte Carlo (QMC) calculations for the ground state geometry 
optimization, and Many Body Green’s Function Theory (GW/BSE) for exited state energies. 
In the present work we use the Variational Monte Carlo (VMC) to carry out structural 
optimizations and we present an extension of MBGFT to complex environments, using a 
Quantum Mechanics/ Molecular Mechanics framework. This technique is applied to evaluate 
the optical properties of the retinal protonated Schiff base (RPSB) chromophore in rhodopsin, 
the protein responsible for dim light vision in the vertebrates. The comparison between these 
excitation energies and that obtained for a gas phase calculation on a retinal geometry 
obtained in the protein environment reveals the essential role of the protein field in the 
spectral tuning of the molecule. Accurate structures obtained by QMC calculations and 
optical spectra in MBGFT framework will be also showed for firelfly oxyluciferin tautomers. 
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Thursday 10:45 h, Room 1+2+3, Invited S29 I4

Ab-initio molecular dynamics studies of Photosystem II complex

Daniele Bovi1

1) Dept. of Physical and Chemical Science, University of L’Aquila, Italy 

In the natural photosynthesis, solar-energy is converted into chemical energy activating the 
oxidation of water in oxygen-evolving complex (OEC) Photosystem II (PSII) by means of 
molecular mechanisms that are still unclear and matter of debate. The primary photo-induced 
charge separation is localized on the chlorophylls “special pair” and the water splitting 
reaction occurs in OEC core, the Mn4CaO5 active site.

Understanding the catalytic strategies of the natural system could be important to inspire 
the design of biomimetic inorganic catalysts based on Mn, a largely non-toxic earth abundant 
element.

In the computational modeling, we employed a QM/MM approach based on PBE+U 
Broken-Symmetry MD simulations to better describe the chemically active part of the system 
with a reasonable computational effort. In the transition between S2 and S3 catalytic steps we 
evaluated the relative thermodynamic stability of two conformers (manganese cluster 
structure S2

A/S2
B) by free energy calculation in different spin and oxidation states. We 

proposed the both conformers have a role in that transition and we have observed a proton-
coupled electron transfer (PCET) from the structure S2

B at room temperature1.

[1] D.Narzi, D.Bovi and L.Guidoni, PNAS 2014, vol. 111, 8723-8728
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Thursday 11:15 h, Room 1+2+3, Invited S29 I5

Density-Based Embedding for Chromophores in Proteins

Johannes Neugebauer1

1) University of Muenster 

Subsystem approaches in density-functional theory and related density-based embedding 
schemes offer unique possibilities for the consistent theoretical description of environment 
effects on optical spectra. In particular, they avoid system-specific parameters as needed in 
QM/MM methods, and can handle systems of multiple chromophores. Recent pilot 
applications have demonstrated that essentially complete photosynthetic proteins can be 
described with subsystem time-dependent density functional theory (subsystem TDDFT) [1]. 
Specific problems occurring in applications to protein-pigment systems are excited states 
which are difficult to describe with standard approximations in TDDFT, the role of differential 
polarization, and a proper construction of the protein density for generating embedding 
potentials.

These aspects will be discussed in the light of our recent and ongoing work on state-
specific embedding potentials in wavefunction/DFT embedding [2] and on describing excited 
states in photosynthetic light-harvesting complexes [3].

[1] C. König, J. Neugebauer, J. Chem. Theory Comput. 9 (2013), 1808.
[2] C. Daday, C. König, J. Neugebauer, C. Filippi, ChemPhysChem 15 (2014), 3205.
[3] A. Goez, C.R. Jacob, J. Neugebauer, Comput. Theor. Chem. 1040-1041 (2014), 347.

Thursday 11:45 h, Room 1+2+3, Contributed S29 C5

Untangling Excitonic Energy Transfer for the LHC-II complex from 
Full First-Principles Calculations.

Joaquim Jornet-Somoza1, Joseba Alberdi-Rodríguez2, Bruce Milne3, Xavier Andrade4, 
Miguel A. L. Marques5, Fernando Nogueira3, Micael J. T. Oliveira6, Angel Rubio2

1) Universitat de Barcelona, Martí i Franquès 1, 08028 Barcelona, Spain 
2) Nano-Bio Spectroscopy group and ETSF Scientific Development Centre, Department of 

Materials Physics, University of the Basque Country, CFM CSIC-UPV/EHU-MPC and DIPC, 
Tolosa Hiribidea 72, E-20018 Donostia-San Sebastián, Spain 

3) CFisUC, Department of Physics, University of Coimbra, Rua Larga, 3004–516 Coimbra, 
Portugal. 

4) Lawrence Livermore National Laboratory, Livermore, CA 94550, United States 
5) Institut für Physik, Martin-Luther-Universität Halle-Wittenberg, D-06099 Halle, Germany 
6) Department of Physics, University of Liège, B-4000, Liège, Belgium 

The current increase in energy demands across the world makes fossil-fuel based energy 
resources unsustainable. Solar energy conversion is one alternative to produce green 
renewable energy. However, the efficiency of current organic photovoltaic cells is still low 
(<10%) compared with natural biological systems (~100%). 

A deeper understanding of the mechanism that governs the energy transfer inside natural 
light-harvesting systems will be essential to design highly efficient and bio-inspired devices. 
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In this work we present a full first–principles calculations within the framework of real–
space time–dependent density functional theory (TD-DFT) for the complete chlorophyll (Chl) 
network (~7000 atoms) of the light–harvesting complex from green plants, LHC–II. 

A local analysis method of the time dependent densities (ٱ(t)) developed for this work 
has made possible quantum–mechanical studies of the optical response of individual 
chlorophyll molecules subject to the influence of the remainder of the chromophore network. 
The site-specific alterations in chlorophyll excitation energies support the existence of 
distinct energy transfer pathways within the LHC-II complex.

We propose a new treatment of the ٱ(t) that enables the calculation of the transition 
densities for big systems, and the exciton energy transfer inside chlorophyll network going 
beyond Förster’s model.

Thursday 12:00 h, Room 1+2+3, Contributed S29 C6

A first-principle study of the atomic and electronic properties of 
thymine molecule adsorbed on the Silicon(001) surface

Elena Molteni1, Giancarlo Cappellini2, Giovanni Onida3

1) Dipartimento di Fisica, Universita’ degli Studi di Cagliari, Cittadella Universitaria, Monserrato 
(CA), Italy; Dipartimento di Fisica, Universita’ degli Studi di Milano, Milan, Italy; European 
Theoretical Spectroscopy Facility (ETSF) 

2) Dipartimento di Fisica, Universita’ degli Studi di Cagliari, Cittadella Universitaria, Monserrato 
(CA), Italy, 

3) Dipartimento di Fisica, Universita’ degli Studi di Milano, Milan, Italy; European Theoretical 
Spectroscopy Facility (ETSF) 

The chemistry and physics of small organic and biological molecules adsorbed on the 
Si(001) surface are of fundamental and technological interest, due to the large range of 
properties that organic molecules can be designed to have and the idea of adding their 
functionality to semiconductor technology[1]. Moreover, pyrimidinic nucleobases and 
polycyclic aromatic hydrocarbons (PAHs) have been investigated both experimentally and 
theoretically[2], due to their role within the framework of origin-of-life models.

http://dx.doi.org/10.17172/NOMAD/20150526220502
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In this work we focused on the adsorption of thymine (THY, a pyrimidinic nucleobase) on the 
Si(001) surface. We calculated atomic and electronic properties of the THY-Si(001) system 
within a plane-wave (PW) density functional theory (DFT) approach[3], and compared them 
with those of similar adsorbate systems (tert-butanol[4] and uracil[5]) on the same substrate, 
in order to investigate the effects of molecule adsorption on the Si(001) surface electronic 
properties.
[1] R. A. Wolkow, Annu. Rev. Phys. Chem. 50, 413-441 (1999).
[2] G. Malloci et al., Astronomy & Astrophysics 432, 585-594 (2005).
[3] G. Cappellini et al., Phys. Rev. B 66, 115412 (2002).
[4] C. Kaderoglu et al., Eur. Phys. J. B 76, 359-363 (2010).
[5] K. Seino et al., Phys. Rev. B 69, 245309 (2004).

Thursday 12:15 h, Room 1+2+3, Invited S29 I6

Multi-scale Molecular Simulations on Energy-Transducing 
Enzymes

Ville Kaila1

1) Technical University of Munich 

Biological energy conversion is driven by remarkable enzymes that convert chemical energy 
into electrochemical ions gradients. In this talk, I will show how multi-scale quantum and 
classical molecular simulations can be used to obtain a molecular-level understanding of the 
structure, energetics and dynamics of energy converting enzymes. By combing large-scale 
all-atomistic classical molecular dynamics simulations with quantum chemical cluster models 
and hybrid quantum mechanics-classical mechanics (QM/MM) calculations, we study the 
function of a redox-driven proton pump, the respiratory Complex I, which catalyzes a long-
range coupling between proton and electron transfer across a distance of ca. 200 Å. We find 
that coupled electrostatic-, conformational-, and hydration changes are essential for the 
function of this remarkable enzyme, with distinct similarities to other biological systems.

Thursday 12:45 h, Room 1+2+3, Contributed S29 C7

Ab-initio study of spectroscopic properties of porphyrin

Eduardo Diaz Suárez1, Danilo Castro Pereira2, Filipe Camargo Dalmatti Alves Lima1, 
Philippe Alexandre Divina Petersen1, Vera Regina Leopoldo Constantino2, Helena 
Maria Petrilli1

1) Instituto de Física, Universidade de São Paulo. 
2) Instituto de Química, Universidade de São Paulo. 

Porphyrins are heterocyclic macrocycle organic compounds with many applications such as 
photosensitizers for light harvesting and chemical reactions, molecular electronics and 
enzymatic catalysis. They can be found in biological systems like photosynthesis of light, 
enzymes, and transport proteins. The porphyrins optical spectra can be characterized by the 
presence of a dominant so called Soret band plus a Q-band structure, whose positions and 
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shapes offer a method to characterize porphyrins in various environments[1]. Here the 
electronic and spectroscopic properties of tetracationic 5,10,15,20-tetrakis(1-methyl-4-
pyridyl)-21H,23H-porphyrin (TMPyP) is investigated in the framework of the DFT. The IR 
and UV-vis spectra are compared with experimental results [2,3]. The influence of the 
environment and functional on the UV-vis spectra is investigated. These results are further 
discussed to tentative address the TMPyP/Clay interaction.

We acknowledge support from CNPq, FAPESP and LCCA.
[1] G. Bajju, A. Ahmed, D. Gupta et al., Bioinorganic Chem. and Applications 2014, 1 (2014).
[2] P. Dias, D. de Faria, V. Leopoldo Constantino, Clays and clay minerals 53 (4), 361 (2005).
[3] Y. Ishida, D. Masui, T. Shimada et al., J. Physical Chem. C 116 (14), 7879 (2012).
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Tuesday 10:00–10:30 h, Rooms 1+2+3 
Talk VH1

Comprehensive material modelling within the GW approximation

* Fabio Caruso1

1) Department of Materials, University of Oxford 

The advancement of Green function approaches – alongside with their numerical development 
– has turned the GW approximation to many-body perturbation theory into the method of 
choice for electronic excitations in materials science. Despite its prevailing application to 
quasi-particle properties, however, the GW approach is an extremely versatile tool that can 
provide a comprehensive description of quantum systems.

Our work employs state-of-the-art many-body techniques – which combine self-
consistency, many-body total-energy functionals, and the cumulant expansion approach 
– to extend the applicability of GW calculations beyond the domain of theoretical 
spectroscopy, turning the GW method into a theoretical framework for the comprehensive 
modelling of ground- and excited-state properties. This allows us to address problems 
that would otherwise remain elusive for standard one-shot GW calculations (G0W0), 
including, e.g., the assessment GW total energies and densities [1], charge transfer in 
donor-acceptor complexes, and the coupling of electrons and charge-density fluctuations 
(plasmons) [2].

[1] F. Caruso, D. R. Rohr, M. Hellgren, X. Ren, P. Rinke, A. Rubio, and M. Scheffler, Phys. Rev. Lett. 
110, 146403 (2013).

[2] F. Caruso, H. Lambert, and F. Giustino, Phys. Rev. Lett. 114, 146404 (2015).

Tuesday 10:30–11:00 h, Rooms 1+2+3 
Talk VH2

Efficient ab initio calculation of anharmonic properties in solids

* Ion Errea1, Matteo Calandra2, Francesco Mauri2

1) Donostia International Physics Center, Donostia/San Sebastian, Spain 
2) Universite Pierre et Marie Curie, CNRS, IMPMC, Paris, France 

Describing vibrations of atoms is of paramount importance in the physical properties of 
solids. Nowadays, phonon dispersions in the harmonic approximation are routinely calculated 
from first-principles. Nevertheless, whenever the displacements of the atoms largely exceed 
the range in which the harmonic potential is valid, the harmonic approximation completely 
fails.

Here we present a newly developed approach to treat strongly anharmonic systems: the 
stochastic self-consistent harmonic approximation (SSCHA) [1,2]. The method is variational 
and takes into account quantum and thermal effects rigorously.

We demonstrate the validity of the SSCHA applying it to metallic hydrides and transition 
metal dichalcogenides (TMDs). In metallic hydrides we show that anharmonic effects have 
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a huge impact on superconductivity [1,3]. In the TMD NbSe2, we show that with the SSCHA 
we can understand its dynamical stability, calculate the transition temperature of the charge 
density wave, and understand the superconducting mechanism.

[1] Ion Errea, Matteo Calandra, and Francesco Mauri, PRL 111, 177002 (2013).
[2] Ion Errea, Matteo Calandra, and Francesco Mauri, PRB 89, 064302 (2014).
[3] Ion Errea et al., PRL accepted, arXiv:1502.02832 (2015).

Tuesday 11:00–11:30 h, Rooms 1+2+3 
Talk VH3

Ultrafast Hot Carrier Dynamics in Materials from Ab Initio 
Calculations

* Marco Bernardi1,2, Jeffrey B Neaton1, Steven G Louie1

1) Department of Physics, University of California at Berkeley 
2) Department of Applied Physics and Materials Science, California Institute of Technology 

How does an excited electron lose its energy? This problem is central in fields ranging from 
condensed matter physics to electrical engineering and energy. We developed and applied 
calculations to study the dynamics of out-of-equilibrium charge carriers – also known as hot 
carriers (HCs) – in semiconductors and metals [1–3]. We present ab initio calculations of 
electron-phonon, electron-electron, and electron-defect scattering rates that can predict the 
relaxation times and mean free paths of HCs in materials. We apply this framework to: 1) HC 
thermalization in the first picosecond after sunlight absorption in silicon. 2) HCs in GaAs, for 
which our results contribute to resolve experimental controversies and challenge the tenet 
that optical lattice vibrations are mainly responsible for HC energy loss. 3) HCs generated 
by surface plasmons in noble metals, a process of relevance in optoelectronics, photocatalysis 
and photovoltaics, for which we predict optimal conditions for HC generation and extraction, 
and compute plasmonic losses ab initio.

[1] M. Bernardi et al., Phys. Rev.Lett. 112, 257402 (2014).
[2] M. Bernardi et al., PNAS. DOI:10.1073/pnas.1419446112 (2015).
[3] M. Bernardi et al. Nature Commun. 6:7044, DOI:10.1038/ncomms8044 (2015).

Tuesday 11:30–12:00 h, Rooms 1+2+3 
Talk VH4

Expanding the scope of wave function based methods for solids

* Andreas Grueneis1

1) Max Planck Institute for Solid State Research, Stuttgart, Germany

Traditional quantum chemical many electron theories such as the coupled cluster and 
Møller-Plesset perturbation theory form a hierarchy of increasingly accurate approximations 
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to the electronic ground state wave function. We have implemented canonical formulations 
of the most established quantum chemical methods including second-order Møller–Plesset 
perturbation theory (MP2), coupled cluster singles and doubles (CCSD), and the first 
implementation of perturbative triples (CCSD(T)) for periodic systems. These three 
methods are generally considered to possess a favourable trade-off between accuracy 
and cost, and are the most widely used of all quantum chemical methods. The coupled 
cluster singles and doubles plus perturbative triples method (CCSD(T)) predicts 
atomization- and reaction energies for a wide class of molecules with an accuracy of 
approximately 1 kcal/mol (≈43 meV). As such, CCSD(T) is often referred to as the gold 
standard of quantum chemistry. This presentation will overview recent progress in applying 
Møller-Plesset perturbation and coupled cluster theories to solids and techniques to 
reduce their computational cost.

Furthermore applications to the uniform electron gas will be discussed.

Tuesday 12:00–12:30 h, Rooms 1+2+3 
Talk VH5

Time-Resolved Spectroscopy in Time-Dependent Density 
Functional Theory: An Exact Condition

* Johanna Fuks1, Kai Luo1, Ernesto Sandoval1, Neepa Maitra1

1) Hunter College, City University of New York 

The recent advent of attosecond pulses enables pump-probe experiments at the time scale of 
electron dynamics, which allows investigations of processes on the electronic time scale. At 
this point, a scalable theoretical method to model electron dynamics, reliable beyond the 
perturbative regime, becomes crucial. Time Dependent Density Functional Theory (TDDFT) is 
a good candidate which can, in principle, reproduce the density response to all orders. In 
practice however, approximations need to be used for the exchange-correlation (XC) functional.

We define a non-equilibrium response function and reference a fundamental property of 
quantum systems driven by external fields: Once the external field has been turned off, 
assuming clamped ions, the resonances are constant.

This property results in an exact condition for the XC functional, which is: Any spurious 
time-dependence of the Kohn Sham response needs to be cancelled out. As we demonstrate 
with several examples, XC approximations currently in use typically violate this condition, 
resulting in spurious time-dependent spectra.
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Monday 18:30–21:30 h

Symp. 1: Thirty Years of Car-Parrinello
Organized by Giulia Galli

Poster Area G

S1 P001 The behavior of boron carbide under stress.
* Pavel Korotaev, Pavel Pokatashkin, Aleksey Yanilkin 

S1 P002 Rationalization of Ge-Te-Se glasses structure by RMN and ab inito molecular 
dynamics
* Lila Bouëssel du Bourg, Lila Bouëssel du Bourg, Katya Sykina, Eric Furet, 
Bruno Bureau, Laurent le Pollès, Claire Roiland, Michaël Deschamps, Chris 
Pickard

S1 P003 Modeling of carbon dioxide and methane affinity on shale minerals with Car-
Parinello Molecular Dynamics approach
* Aleksandra Siklitckaia, Jacek Majewski

S1 P004 A novel Double-QM/MM method for donor-acceptor electron transfer in solution
* Yoshitaka Tateyama, Yoshitaka Tateyama, Zdenek Futera, Keitaro Sodeyama 

S1 P005 Dynamics and energetics of gas adsorption on graphene: ab initio molecular 
dynamics study
* Mateusz Wlazło, Mateusz Wlazło, Jacek Majewski 

S1 P006 Dipole emergence in lead chalcogenides
* Boris Sangiorgio, Boris Sangiorgio, Michael Fechner, Nicola Spaldin 

S1 P007 Ab-initio molecular dynamics simulations on wet alumina/isopropanol solid/
liquid interfaces
* Paul Schwarz, Paul Schwarz, Bernd Meyer

S1 P008 Sulfuric acid intercalated graphite: Modification of liquid structure, proton 
transfer dynamics and electron distribution by oxidation
* Steffen Seiler, Steffen Seiler, Bernd Meyer
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Symp. 2: GW and BSE
Organized by Rex Godby, Lucia Reining

Poster Area B

S2 009 Optical absorption spectra from real time propagation of orbitals
* Tobias Sander, Georg Kresse

S2 010 A local representation of the dielectric response function 
* Deyu Lu, Xiaochuan Ge

S2 011 GW for molecular crystals 
* Peter Koval, Dietrich Foerster, Daniel Sanchez-Portal

S2 012 All-electron GW+BSE calculations on small molecules 
* Daichi Hirose, Yoshifumi Noguchi, Osamu Sugino

S2 013 GW renormalization of the electron phonon coupling 
* Claudio Attaccalite

S2 014 Theoretical Optical-Absorption Spectroscopy for Indium Oxide and Gallium 
Oxide
* Andre Schleife, Joel Varley

S2 015 Exciton satellites in Photoemission spectra
* Igor Reshetnyak, Matteo Gatti, Francesco Sottile, Lucia Reining

S2 016 On the Electronic and Optical Properties of Fluorographene, Chlorographene, 
and Graphane
* Frantisek Karlicky, Michal Otyepka

S2 017 Clustered Linear Augmented Waves
* Dimitar Pashov, Mark van Schilfgaarde

S2 018 Starting-point dependence in the Bethe-Salpeter equation: example of rutile 
TiO_2
* Olga Turkina, Ute Werner, Dmitrii Nabok, Claudia Draxl,

S2 019 Many-body approach to electronic and optical properties of Ga2O3
* Friedhelm Bechstedt, Juergen Furthmueller

S2 020 BSE/GW optical spectra of molecules using local basis sets
* Mathias P. Ljungberg, Peter Koval, Francesco Ferrari, Dietrich Foerster, 
Daniel Sanchez-Portal

S2 021 What is the real accuracy of Bethe-Salpeter Equation excitation energies for 
organic molecules?
* Fabien Bruneval, Samia Hamed, Jeffrey Neaton

S2 022 GW quasiparticle energies and BSE optical spectrum of perovskites: SrTiO3 
and NaOsO3
* Zeynep Ergönenc, Bongjae Kim, Peitao Liu, Georg Kresse, Cesare Franchini

S2 023 Implementation of the quasiparticle self-consistent GW in the exciting code
* Nora Salas-Illanes, Dmitrii Nabok, Claudia Draxl

S2 024 GW and BSE at an Interface: The Role of Anisotropic Screening in Interfacial 
Level Alignment
* Duncan John Mowbray, Annapaola Migani, Jin Zhao, Hrvoje Petek, Angel 
Rubio
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S2 025 Electron-Phonon Losses in Plasmonic Materials
* Benjamin Kaube, Andrew Horsfield, Mark Van Schilfgaarde

S2 026 GW+Bethe-Salpeter calculations of optical properties of defective 
nanographenes
* Yoshifumi Noguchi, Osamu Sugino

S2 027 Tuning the optical spectrum of carbon nanotubes by the environment
* Michael Rohlfing, Yuchen Ma

S2 029 Probing DFT-1/2 as a starting point for G0W0 calculations
* Ronaldo Rodrigues Pela, Claudia Draxl

S2 030 Optical excitations in MoS2 within ab-initio many-body perturbation theory
* Matthias Drüppel, Peter Krüger, Michael Rohlfing

S2 031 Multiscale modeling of excitation dynamics in molecular materials with GW-
BSE/MM
* Bjoern Baumeier

S2 032 Siegert state expansions in the case of the 1D Square Well Potential
* Maxime Morinière, Luigi Genovese, Alessandro Cerioni, Thierry Deutsch

S2 033 Transfering spin into an extended pi-orbital of a large molecule
* Thorsten Deilmann, Taner Esat, Benedikt Lechtenberg, Peter Krüger, 
Christian Wagner, Ruslan Temirov, Frithjof B. Anders, F. Stefan Tautz, Michael 
Rohlfing

S2 034 Predictive GW calculations using plane waves and pseudopotentials
* Jiri Klimes, Merzuk Kaltak, Georg Kresse
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Symp. 4: Correlated Electrons
Organized by Markus Aichhorn, Silke Biermann, Massimo 

Capone, J. Kunes, and Eva Pavarini
Poster Area J, K

S4 035 Mott Transition and Glassiness in the Face Centered Cubic Lattice 
* Rajarshi Tiwari, Pinaki Majumdar

S4 036 Kondo physics in a Ni impurity embedded in O-doped Au chains
* Solange Di Napoli, María Andrea Barral, Pablo Roura-Bas, Luis Manuel, Ana 
María Llois, Armando Aligia

S4 037 Magnetic properties and phase stability of correlated alloys
* Alexander Poteryaev

S4 038 Origin of superconductivity and role of correlations in extremely hole-doped 
iron-based superconductors under pressure
* Daniel Guterding, Steffen Backes, Harald O. Jeschke, Roser Valenti

S4 039 Impact of core electrons on the band structures calculated with the 
transcorrelated method
* Masayuki Ochi, Yoshiyuki Yamamoto, Ryotaro Arita, Shinji Tsuneyuki

S4 040 Benchmarking Density Functional Theory with Density Matrix Renormalization 
Group with Lessons For Higher Dimensions
* Thomas E. Baker, E. Miles Stoudenmire, Lucas O. Wagner, Steven R. White, 
Kieron Burke

S4 041 Magnetically-driven metal-to-insulator transition in NaOsO3: Slater vs. Lifshitz
* Bongjae Kim, Zeynep Ergönenc, Peitao Liu, Alessandro Toschi, Sergii 
Khmelevskyi, Cesare Franchini

S4 042 QSGW+DMFT: an electronic structure scheme for the iron pnictides and 
beyond
* Jan Martin Tomczak

S4 043 Correlation effects and competing orders in organic molecular crystals 
* Gianluca Giovannetti

S4 044 NEGF for studying strongly interacting systems in quantum transport
* Daniel Karlsson, Markku Hyrkäs, Anna-Maija Uimonen, Robert van Leeuwen, 
Claudio Verdozzi

S4 045 Electronic structure of the red-emitting phosphors Eu:Y(V,P)O4
* Pascal Delange

S4 046 Electron correlation at the interface: A charge self-consistent DFT+DMFT 
approach
* Sumanta Bhandary

S4 047 A QSGW+DMFT method to study strongly correlated materials
* Paolo Pisanti

S4 048 The Hubbard Dimer: A density functional case study of a many-body problem
* Justin Smith, Diego Carrascal, Jaime Ferrer, Kieron Burke
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S4 049 Practical approaches for diagrammatic many-body calculations beyond the 
leading order
* Yaroslav Pavlyukh

S4 050 Charge-ordering in the extended Hubbard model on a triangular lattice
* Sophie Chauvin, Thomas Ayral, Lucia Reining, Silke Biermann

S4 051 Spectral properties of iron pnictide KFe2As2: a view from dynamical mean-field 
theory
* Priyanka Seth, Ambroise van Roekeghem, Silke Biermann

S4 052 First-principles investigation of electronic and magnetic properties of Fe ladder 
compound BaFe2S3
* Michi-To Suzuki, Ryotaro Arita, Hiroaki Ikeda

S4 053 Pilot Applications of the SCE Functional for the Description of Strong Electronic 
Correlation in Adiabatic TDDFT
* André Mirtschink, Umberto De Giovannini, Angel Rubio, Paola Gori-Giorgi

S4 054 Fermi surface of Sr2RuO4: Role of anisotropic Coulomb interaction and 
Coulomb-enhanced spin-orbit coupling 
* Guoren Zhang, Evgeny Gerelov, Esmaeel Sarvestani, Eva Pavarini 

S4 055 Double counting problem in DFT+DMFT method: A study in the exact limit
* Andrei Plamada, Peter Staar, Anton Kozhevnikov, Thomas Schulthess

S4 056 Correlation effects in TiSe$_2$ from many-body perturbation theory
* Maria Hellgren, Raffaello Bianco, Matteo Calandra, Francesco Mauri, Ludger 
Wirtz

S4 057 A fully first-principles approach to the Kondo effect in organic molecules
* María Soriano, David Jacob, Juan José Palacios

S4 058 Multi-orbital kinetic effects on charge ordering of frustrated electrons on the 
triangular lattice
* Clément Février, Simone Fratini, Arnaud Ralko

S4 059 Ab-initio investigation of extraordinarily strong magnetism in technetium oxides
* Markus Aichhorn, Jernej Mravlje, Alen Horvat, Leonid Pourovskii, Antoine 
Georges

S4 060 On the usefulness of quantum chemistry for the understanding of the 
functionality of organic solar cells
* Kerstin Andersson

S4 061 Numerical convergence of advanced electronic correlation methods for 
accurate cohesive properties in materials science
* Xiang-Yue Liu, Norina A. Richter, Igor Ying Zhang, Matthias Scheffler

S4 062 Electron correlation in functional metalorganics
* Biplab Sanyal, Sumanta Bhandary, Tim Wehling, Olle Eriksson

S4 063 A novel GW+DMFT implementation with dynamical double-counting self-
energy
* Lorenzo Sponza, Paolo Pisanti, Dimitar Pashov, Mark van Schilfgaarde

S4 064 Competition between quasi-molecular orbitals and spin-orbit coupling in 
Na3Ir3O8
* Alexander Yaresko, Marc Höppner
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S4 065 Coupling of excitations: correlation beyond the quasiparticle picture
* Matteo Gatti, Matteo Guzzo, Lucia Reining

S4 066 Andreev band structure of superconducting heterostructures
* Gabor Csire, Balazs Ujfalussy, Jozsef Cserti

S4 067 Configuration Interaction with antisymmetrized geminal powers
* Wataru Uemura, Shusuke Kasamatsu, Osamu Sugino

S4 068 DFT+NRG studies on the spatially extended Kondo effect in MnPc/Pb(111)
* Emi Minamitani, Yingshuang Fu, Qikun Xue, Yousoo Kim, Satoshi Watanabe

S4 069 Hybrid-DFT+Vw scheme from the theoretical unification of hybrid-DFT and 
DFT+U methods 
* Viktor Ivády, Rickard Armiento, Krisztián Szász, Erik Janzén, Adam Gali, Igor 
A. Abrikosov

S4 070 DFT+DMFT study of strain and interface effects in d^1 and d^2 t_{2g}-
perovskites
* Gabriele Sclauzero, Krzysztof Dymkowski, Claude Ederer

S4 071 How the Electronic Structure of Metal Phthalocyanines is affected by the 
choice of the Hubbard U term
* Barbara Brena, Iulia Brumboiu, Soumyajyoti Haldar, Johann Lüder, Olle 
Eriksson, Heike C. Herper, Biplab Sanyal
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Symp. 7: Novel Density Functionals
Organized by Robert Di Stasio, John Dobson, Wanda 

Andreoni
Poster Area K

S7 072 An accurate description of excited state energies in organic semiconductors 
using the random phase approximation
* Christopher Sutton, Yang Yang, Weitao Yang

S7 073 Tunable van der Waals interactions at a graphene-metal surface interface
* Vasile Caciuc, Nicolae Atodiresei, Stefan Blügel

S7 074 Relative energy of charge localized and delocalized states: Comparison of 
hybrid and Perdew-Zunger self-interaction corrected functionals
* Elvar Ö. Jónsson, Xinxin Cheng, Yao Zhang, Peter M. Weber, Hannes 
Jónsson

S7 075 Self-consistent van der Waals density functionals applied to benzene on 
Si(100)
* Yuji Hamamoto, Ikutaro Hamada, Kouji Inagaki, Yoshitada Morikawa

S7 076 The SCE functional in the time domain: insights into its formal properties
* Giovanna Lani, Robert van Leeuwen, Paola Gori-Giorgi

S7 077 Asymptotic analysis of atomic correlation energies and the generalized 
gradient approximation
* Antonio Cancio, Kieron Burke, Tim Gould

S7 078 Ni(111)-graphene interface: the importance of screened van der Waals 
interactions
* Pier Luigi Silvestrelli, Alberto Ambrosetti

S7 079 H2 Physisorption on Ice Ih and XI Surfaces
* Yuji Kunisada, Norihito Sakaguchi

S7 080 Optimum Wannier orbitals for the Hubbard model and Gutzwiller functionals
* Valentina Brosco, Zujian Ying, Daniele Varsano; Giorgia Lopez, Paola Gori-
Giorgi, Josè Lorenzana

S8 081 Reconstruction structure of GaAs and InAs surfaces and their effects on 
electronic structure
* InWon Yeu

S7 082 Optimized effective potential method in static RPA and its applications
* Hisazumi Akai, Taro Fukazawa

S7 083 Electronic Properties of Materials with Self-Consistent Interatomic van der 
Waals Density Functional
* Nicola Ferri, Robert A. DiStasio Jr., Alberto Ambrosetti, Roberto Car, 
Alexandre Tkatchenko

S7 084 Reproducing band gaps with dielectric constant-tuned hybrid DFT functional
* José C. Conesa, Eduardo Menéndez-Proupin, Pablo Palacios; Perla Wahnón

S8 085 Adsorption of small molecules on Zirconia surfaces and thin films: the 
importance of van der Waals functionals
* Wernfried Mayr-Schmölzer, Florian Mittendorfer, Josef Redinger
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S7 086 Many-Body Dispersion Meets Non-Local Density Functionals: Towards a 
Unified Approach for van der Waals Correlations
* Jan Hermann, Matthias Scheffler, Alexandre Tkatchenko

S7 087 Oxygen adsorption on Ag(110)
* Ivor Lončarić, Maite Alducin, J. Iñaki Juaristi

S7 088 Exact Maps in Density Functional Theory for a Lattice model 
* Tanja Dimitrov, Heiko Appel, Angel Rubio

S7 089 Global hybrids from the semiclassical atom theory satisfying the local density 
linear response
* Lucian Constantin

S7 090 New exact conditions for density functionals
* Lucian Constantin, Eduardo Fabiano, Fabio Della Sala

S7 091 A general method for functional optimization applied to water
* Michelle Fritz, Marivi Fernandez-Serra, Jose M. Soler

S8 092 Testing of orbital-free density functional parameter transferability 
* Olga Lopez Acevedo

S7 093 Ab initio study of the adsorption of CH3 and C6H6 on α-Cr2O3 (0001) 
surfaces: The role of van der Waals density functionals
* Samira Dabaghmanesh, Erik Neyts, Bart Partoens
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Symp. 8: Recent Developments in Density Matrix  
Functional Theory

Organized by Nicole Helbig, Heiko Appel
Poster Area D

S8 094 Photoelectrons and light from laser-driven 1D helium using TDRNOT 
* Adrian Hanusch, Julius Rapp, Dieter Bauer

S8 095 TDRNOT applied to the laser-driven hydrogen molecular ion
* Adrian Hanusch, Julius Rapp, Martins Brics, Dieter Bauer

S8 096 An efficient minimization procedure for reduced density matrix functional theory 
in extended systems
* Y. Shinohara, N. N. Lathiotakis, S. Sharma, J. K. Dewhurst, E. K. U. Gross
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Symp. 9: Density-Functional Theory for Coupled  
Matter-Photon Systems

Organized by Heiko Appel and Michael Ruggenthaler
Poster Area L

S9 097 Linear-response formalism in density-functional theory for quantum 
electrodynamics
* Norah Magdalena Hoffmann, Heiko Appel, Ángel Rubio

S9 098 Ab initio calculation of structural, phonons and mecanical properties of b-SiC 
under high pressure
* Lebga noudjoud, Bouamama khelil, djemia philippe, Mourad cherif salim

S9 099 Real-time propagation of coupled Maxwell-Kohn-Sham systems
* René Jestädt, Heiko Appel, Ángel Rubio

S9 100 Electron Energy-Loss-Spectroscopy from first principle calculations
* Marc barbry, Peter Koval, Federico Marchesin, Daniel Sánchez-Portal

S9 101 Wave-packet dynamics in lattice quantum electrodynamics
* Uliana Mordovina, Heiko Appel, Ángel Rubio

S9 102 Time-Evolution of Tensor Networks in Quantum Electrodynamcis
* Teresa Reinhard, Heiko Appel, Ángel Rubio

S9 103 Krieger-Li-Iafrate approximation to the optimized effective potential approach in 
density functional theory for quantum electrodynamics
* Christian Schäfer, Johannes Flick, Heiko Appel, Camilla Pellegrini, Ángel 
Rubio
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Symp. 12: Spin-Orbit Coupling Effects in First-Principles 
Quantum Transport

Organized by Ingrid Mertig, Paul Kelly, David Vanderbilt
Poster Area S

S12 104 Spin-orbit coupling and spin relaxation in defective graphene from first-
principles
* Simon M.-M. Dubois, Jean-Christophe Charlier

S12 105 Higher-dimensional Wannier functions of multiparameter Hamiltonians
* Jan-Philipp Hanke, Frank Freimuth, Stefan Blügel, Yuriy Mokrousov

S12 106 Alternative spin-torque operators for the Gilbert damping in random alloys
* Ilja Turek, Josef Kudrnovsky, Vaclav Drchal

S12 107 Magnetic Anisotropy Energy in Narrow Molybdenite Nanoribbons 
* Jhon W. Gonzalez Salazar, Andres Ayuela

S12 108 Possibility of Better Thermoelectricity in Anomalous Hall Systems
* Yo Pierre Mizuta, Fumiyuki Ishii

S12 109 Rashba effect and surface spin texture in Bi (001) multi-layer nanofilm
* Hiroki Kotaka, Fumiyuki Ishii, Mineo Saito

S12 110 Green Function Method for Modelling the Surface of a Semi-infinite Solid
* Søren Smidstrup, Tushar Ghosh, Elvar Jónsson, Kurt Stokbro, Hannes 
Jónsson

S12 111 Anisotropic magnetothermopower in Co-based trilayers: A comparison between 
Cu, Pd, and Pt as heterostructure partners
* Peter Kratzer, Voicu Popescu

S12 112 Fully spin-polarized transverse currents from skew-scattering in dilute 
ferromagnetic alloys
* Bernd Zimmermann

S12 113 Spin Hall and Edelstein effects in metallic films: From two to three dimensions
* Juan Borge de Prada, Cosimo Gorini, Giovanni VIgnale, Roberto Raimondi

S12 114 Spin-orbit torques in L10-FePt/Pt thin films driven by electrical and thermal 
currents
* Guillaume Géranton, Frank Freimuth, Stefan Blügel, Yuriy Mokrousov

S12 115 Surface and Bulk Rashba Effect in Ferroelectric GeTe
* Domenico Di Sante, Christian Rinaldi, Paolo Barone, Markus Morgestern, 
Riccardo Bertacco, Silvia Picozzi

S12 116 Spin-Orbit Torques in Half-Heuslers
* Jacob Gayles, Zhe Yuan, Jakub Zelezny, Frank Freimuth, Yuriy Mokrousov, 
Tomas Jungwirth, Jairo Sinova
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Symp. 13: Magnetic Excitation and Magnetization Dynamics
Organized by Ingrid Mertig, Stefan Blugel, Olle Eriksson

Poster Area H

S13 117 Spin decoherence in designer nanomagnets
* Fernando Delgado, Joaquín Fernández-Rossier

S13 118  Orbital-resolved ultrafast magnetization dynamics for systems with 4f electrons
* Karel Carva, Peter M. Oppeneer, Soenke Wienholdt, Denise Hinzke, Ulrich 
Nowak

S13 119 Magnetocrystalline anisotropy of adatoms: ab-initio calculations, model 
calculations, intuition
* Ondrej Sipr, Sergey Mankovsky, Svitlana Polesya, Hubert Ebert, Jan Minar

S13 120 Quantum mechanics of magnetic excitations in materials: s, p, and d model 
Hamiltonians
* Marc Edward Alexander Coury, Sergei Dudarev, Matthew Foulkes, Andrew 
Horsfield, Pui-Wai Ma, James Spencer

S13 121 Dynamical magnetic excitations of itinerant nanomagnets
* Samir Lounis

S13 122 Topological effects in magnetic platinum nano-particles
* Francesca Baletto, Cono DiPaola, Roberto DAgosta

S13 123 Longitudinal spin-fluctuations and stacking-fault energy in FeMnCr and 
FeMnSiAl alloys
* Andrei Reyes Huamantinco, Dario Knebl, Manfred Wiessner

S13 124 Dynamical spin, charge and angular momentum excitations in ultrathin films
* Filipe Souza Mendes Guimaraes, Antonio Tavares da Costa, Roberto 
Bechara Muniz, Samir Lounis

S13 125 Manifestation of the transverse spin penetration length in spin dynamics of 
magnetic spin valves
* Pavel Balaz, Maciej Zwierzycki, Jozef Barnaś

S13 126 Ultrafast demagnetisation of iron clusters from first principles
* Maria Stamenova, Jacopo Simoni, Stefano Sanvito

S13 127 Interface magnetic anisotropy of Nd-Fe-B magnets
* Yoshihiro Gohda, Hideki Misawa, Hiroki Tsuchiura, Shinji Tsuneyuki

S13 128 Spin-waves in cobalt nanostructured films on Cu: disorder and alloying effects.
* Xabier Zubizarreta Iriarte, Stefan Thomas, Pawel Buczek, Arthur Ernst

S13 129 Effect of spin-fluctuations on the magnetic properties of d element adatoms 
deposited on metal substrates
* Julen Ibañez-Azpiroz, Manuel dos Santos Dias, Stefan Blügel, Samir Lounis

S13 130 Magnetic entropy in paramagnetic Fe from dynamical mean-field theory
* Johan Jönsson, Marcus Ekholm, Elham Mozafari, Torkel Erhardsson, Leonid 
Pourovskii, Igor A. Abrikosov
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Symp. 14: Chiral Magnetism
Organized by Stefan Blugel

Poster Area L

S14 131 First-principles study of the chiral magnet Cr(NbS2)3
* Tatsuya Shishidou, Gustav Bihlmayer, Stefan Blügel 
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Symp. 15: First-Principles Calculations for Multiferroics and 
Magnetoelectrics

Organized by Nicola Spaldin, Silvia Picozzi
Poster Area L

S15 132 Exchange interactions and magnetic structures of RMn2O5 by first-principles 
calculations
* Rodica Plugaru, Neculai Plugaru, Lucian Filip 

S15 133 High-pressure cupric oxide: a room-temperature multiferroic
* Xavier Rocquefelte, Karlheinz Schwarz, Peter Blaha, Sanjeev Kumar, Jeroen 
van den Brink

S15 134 Spin gapless semiconducting behavior in equiatomic quaternary CoFeMnSi 
Heusler alloy
* Aftab Alam, Lakhan Bainsla, Arif I Mallick, K G Suresh, Y K Takahashi, K 
Hono

S15 135 Coupling of ferroic order parameters in oxide heterostructures
* Gustav Bihlmayer, Kourosh Rahmanizadeh, Daniel Wortmann, Stefan Blügel

S15 136 First principles study of improper ferroelectric (anti)ferromagnets
* Nicholas Bristowe, Julien Varignon, Denis Fontaine, Eric Bousquet, Philippe 
Ghosez

S15 137  Topological defects in the rare earth hexagonal manganites
* Quintin Meier, Nicola Spaldin

S15 138 Combined first principle calculations and experimental study of the phonon 
modes in the GeV4S8 compound
* Elena Cannuccia, Vinh TaPhuoc, Laurent Cario, Marie Bernadette Lepetit

S15 139 Spin-flop transition in Cr2O3
* Naoto Tsujimoto, Daisuke Hirai, Ryosuke Akashi, Shinji Tsuneyuki

S15 140 First-principles investigation of multiferroicity in FeS
* Fabio Ricci, Eric Bousquet

S15 141 Low-dimensional Atomic Multiferroics: Defects in Nonmagnetic Ferroelectric 
PbTiO3
* Takahiro Shimada, Takayuki Kitamura

S15 142 Biquadratic and ring exchange interactions in orthorhombic perovskite 
manganites
* Natalya Fedorova, Claude Ederer, Nicola A. Spaldin, Andrea Scaramucci

S15 143 Orbital-Separation Approach for Simulation of Nanosized Capacitors Under 
Bias Voltage
* Shusuke Kasamatsu, Satoshi Watanabe, Seungwu Han, Cheol Seong 
Hwang

S15 144 Surface-termination dependent magnetism and strong perpendicular 
magnetocrystalline anisotropy of a FeRh (001) thin film
* Sung-Hyon Rhim, Soyoung Jekal, Soon Cheol Hong, Won-joon Son, 
Alexander B. Shick
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S15 145 Epitaxial Phases of BiMnO3 from First Principles
* Oswaldo Diéguez, Jorge Íñiguez

S15 146 The bulk monopolization in diagonal magnetoelectrics
* Florian Thöle, Michael Fechner, Nicola A. Spaldin

S15 147 Calculation of Flexoelectricity from Density Functional Perturbation Theory
* Andrea Maria Enrico Schiaffino, Massimiliano Stengel

S15 148 First-principles calculations on the effect of cation and anion doping on the 
magnetic properties of GaFeO3
* Jacqueline Atanelov, Wernfried Mayr-Schmoelzer, Peter Mohn

S15 149 DFT+U studies of Fe substitution in multiferroic CoCr2O4
* Subhradip Ghosh, Debashish Das, Shreemoyee Ganguly, Biplab Sanyal

S15 150 Search for the ground state in PbCrO3 crystals
* Konstantin Rushchanskii, Martin Schlipf, Marjana Ležaić

S15 151 Multiferroic and magnetoelectric metal-organic frameworks
* Alessandro Stroppa, Paolo Barone, Domenico Di Sante, Prashant Jain, 
Manuel Perez-Mato, Anthony K. Cheetham, Harold W. Kroto, Martijn 
Marsmann, Silvia Picozzi

S15 152 Ferroelectric control of magnetocrystalline anisotropy in Mn2Au/BaTiO3 
interface
* Evgeny Plekhanov, Alessandro Stroppa, Silvia Picozzi

S15 153 Strain-defect interaction in oxide thin films
* Ulrich Aschauer, Sverre M. Selbach, Nicola A. Spaldin

S15 154 The Aurivillius phases as potential multiferroics: a view from first principles
* Claude Ederer, Axiel Yaël Birenbaum, Andrea Scaramucci, Jan van den 
Broek
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Symp. 18: Electrochemical Energy Storage and Conversion: 
Solid/Liquid Interfaces

Organized by Marialore Sulpizi, Marie-Pierre Gaigeot, Axel 
Gross, Kevin Leung, Xingao Gong

Poster Area I

S18 155 Dynamics of water adsorption on Pt(111): from single molecules to water 
clusters and networks
* Maryam Naderian, Axel Groß

S18 156 Structure and dynamics at water-solid interfaces: Hydrophobicity versus 
Morphology
* Martin Fitzner, Gabriele Cesare Sosso, Stephen James Cox, Angelos 
Michaelides

S18 157 First-principles reaction barriers for the splitting of water on Au nanocatalysts
* Thomas Stecher, Harald Oberhofer, Karsten Reuter

S18 158 Towards First-Principles Modeling of Electrolytic Solvent Ef- fects in Photo-
Catalytic Water Splitting
* Stefan Ringe, Christoph Hille, Sebastian Matera, Harald Oberhofer, Karsten 
Reuter

S18 159 Towards a combined QM/MM and implicit solvent description of 
photoelectrochemical surface processes
* Markus Sinstein, Daniel Berger, Harald Oberhofer, Volker Blum, Karsten 
Reuter

S18 160 Electrode - electrolyte interface under controlled chemical potential 
* Osamu Sugino

S18 161 Modelling of the Electric Double Layer at Electrified Interfaces
* Chao Zhang, Michiel Sprik

S18 162 Computational investigations of transport mechanisms across battery 
interfaces
* Simon Loftager, Juan María García Lastra, Tejs Vegge

S18 163 Calculations of Work Function Using a Green Function Implementation of DFT 
for Semi-Infinite Solids
* Tushar K Ghosh, Søren Smidstrup, Elvar Ö. Jónsson, Kurt Stokbro, Hannes 
Jónsson

S18 164 Microscopic conversion reaction mechanisms of Na/S and Na/FeS2 batteries
* Hiroyoshi Momida, Tomoki Yamashita, Tamio Oguchi

S18 165 Understanding the catalytic activity of large polyhedral nanoparticles from first-
principles
* Gian Giacomo Asara, Lauro Oliver Paz-Borbon, Francesca Baletto

S18 166 Electro-oxidation of methanol on a Pt electrode with an implicit solvation 
method
* Sung Sakong, Axel Groß

S18 167 Oxygen electrocatalysis on single-atom Pt/TiN nanocatalyst
* Young-Joo Tak, Dong-Hee Lim, Aloysius Soon
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S18 168 Water Adsorption and Dissociation on Gallium-oxide covered Hematite 
surfaces
* Kanchan Ulman, Manh-Thoung Nguyen, Nicola Seriani, Ralph Gebauer

S18 169 DFT challenges in modelling organic solvent/cathode interfaces: the case of 
lithium manganese oxide
* Ivan Scivetti, Gilberto Teobaldi

S18 170 DFT-based high-throughput screening of electrocatalyst for carbon dioxide 
reduction
* Hyeyoung Shin, Hyung-kyu Lim, Hyungjun Kim

S18 171 Valency Change of Metal Center and its Effect on Overpotential of Oxygen 
Reduction Reaction at Porphyrine-derived Electrochemical Catalysts
* Sungmin Kim, Hyungjun Kim

S18 172 Toward efficient electrochemical conversion of CO2: catalyst design 
accelerated by simulation-based screening
* Hyungjun Kim, Hyung-Kyu Lim, Hyeyoung Shin

S18 173 Further insights on solvent effects for the Ferrocene Self-Assembly Monolayers 
on Au(111) 
* Filipe Camargo Dalmatti Alves Lima, Arrigo Calzolari, Marília Junqueira 
Caldas, Helena Maria Petrilli

S18 174 A joint first principles and ATR-IR study of the vibrational properties of 
interfacial water at Si(100):H-H2O solid-liquid interfaces
* Stefan Wippermann, Fang Niu, Lei Yang, Stefanie Tecklenburg, Simantini 
Nayak, P. Ulrich Biedermann, Andreas Erbe, Francois Gygi, Giulia Galli

S18 175 DFT-MD study of highly concentrated Li-salt electrolyte for electrochemically 
stable and fast-charging lithium-ion batteries
* Keitaro Sodeyama, Yuki Yamada, Atsuo Yamada, Yoshitaka Tateyama

S18 176 An ab initio perspective on the initial stages of corrosion on Mg surfaces
* Su-Ting Cheng, Mira Todorova, Jörg Neugebauer

S18 177 Chemical reactivity of metal-supported ceria thin films: A DFT+U study
* Lucie Szabova, Yoshitaka Tateyama, Vladimir Matolin, Stefano Fabris

S18 178 Crystal Structure Predictions on NaxC6O6 for Sodium-ion Batteries
* Tomoki Yamashita, Hiroyoshi Momida, Tamio Oguchi

S18 179 Water in two dimensions 
* Tanglaw Roman, Axel Groß

S18 180 Phase stability of the ZnO(0001) surfaces in contact with liquid water: A first-
principles approach
* Su-Hyun Yoo, Mira Todorova, Joerg Neugebauer

S18 181 Formation Processes of Solid Electrolyte Interphase at Electrode Interfaces in 
Lithium-Ion Battery
* Yoshitaka Tateyama, Keisuke Ushirogata, Keitaro Sodeyama, Yukihiro Okuno

S18 182 Kinetics of phase separating battery materials: Continuum processes from ab-
initio calculations
* Nicolas Georg Hörmann, Axel Gross

S18 183 Energy band alignment at amorphous carbon/water interfaces
* Miguel A. Caro, Jukka Määttä, Olga Lopez-Acevedo, Tomi Laurila
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S18 184 Space−Charge Layer Effect at Interfaces of Oxide Cathode/Buffer Layer/
Sulfide Electrolyte in All-Solid-State Lithium-Ion Battery
* Jun Haruyama, Keitaro Sodeyama, Kazunori Takada, Yoshitaka Tateyama
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Symp. 19: Materials Design
Organized by Nicola Marzari

Poster Area F

S19 185 Soft Norm Conserving Accurate Pseudopotentials
* Santanu Saha, Stefan Goedecker

S19 186 Engineering a fully-compensated half-metallic ferrimagnet
* Mario Zic, Thomas D. Archer, Stefano Sanvito, Karsten Rode, Naganivetha 
Thiyagarajah

S19 187 Functionalizing noble surfaces via self-assembled metal-organic and covalent 
nanostructures
* Andrea Floris, Alessio Comisso, Sam Haq, David B. Amabilino, Rasmita 
Raval, Alessandro De Vita, Lev Kantorovich

S19 188 First-principle studies of catalytic activity of metal-phospide M2P(M=Fe, Co, 
Ni): (0001) surfaces 
* Kapil Gupta, Satadeep Bhattacharjee, U. V. Waghmare, S. C. Lee

S19 189 Novel rare-earth-free hard-magnetic materials
* José A. Flores-Livas

S19 190 Study of hydrogen bonds in LDH MgAl-OH through Born charges
* Cristina Cuautli, Joel Ireta

S19 191 How is Transmetallation Reaction Mechanism helpful for Cu deposition in 
nanometer scale?
* Gangotri Dey, Simon Elliott

S19 192 Density Functional Theory study of newCu(I)carbene compounds as 
prospective precursors for Cu ALD
* Gangotri Dey, Simon Elliott

S19 193 Defect-induced faceted phosphorene nanotubes
* Yierpan Aierken, Ortwin Leenaerts, Francois Peeters

S19 194 Absorption and diffusion of oxygen in Ti-Al bulk alloys
* Alexander Bakulin, Tatyana Spiridonova, Alexander Latyshev, Svetlana 
Kulkova, Qing Miao Hu, Rui Yang

S19 195 Oxygen adsorption on low-index γ-TiAl and TiAl3 surfaces
* Svetlana Kulkova, Alexander Bakulin, Alexander Latyshev, Tatyana 
Spiridonova, Qing Miao Hu, Rui Yang

S19 196 Substrate Doping: A Strategy for Enhancing Reactivity on Gold Nanocatalysts 
by Tuning sp Bands
* Nisha Mammen, Stefano de Gironcoli, Shobhana Narasimhan

S19 197 Graphene Oxide as An Optimal Methane Storage Material: Insights and Design 
Principles
* Shobhana Narasimhan, Rajiv Kumar Chouhan, Kanchan Ulman

S19 198 Influence of the correction to the Wills-Harrison approach on the 
thermodynamics of liquid transition-metal binary alloys
* Nikolai Dubinin, Leonid Son
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S19 199 Identifying promising earth-abundant nitride semiconductors through first 
principles computational screening
* Yoyo Hinuma, Taisuke Hatakeyama, Yu Kumagai, Yoshinori Muraba, Hikaru 
Sato, Hidenori Hiramatsu, Isao Tanaka, Hideo Hosono, Fumiyasu Oba

S19 200 High-throughput search for efficient thermoelectrics
* Sandip Bhattacharya, Stephane Jacobs, Radek Chmielowski, Gilles Dennler, 
Georg Madsen

S19 201 The effect of non-magnetic impurities on magnetism and cohesion of grain 
boundaries
* Monika Vsianska, Mojmir Sob

S19 202 Designing Metal/Molecule Nanocontacts from Mechanochemical 
Considerations
* Martin Zoloff Michoff, Jordi Ribas-Arino, Dominik Marx

S19 203 Influence of impurities on hydrogen absorption and diffusion in metals of IV-
group
* Tatyana Spiridonova, Alexander Bakulin, Svetlana Kulkova

S19 204 From Density Functional Theory to Open Innovation
* Yann Pouillon, Angel Rubio

S19 205 Compositional Tuning of magnetic anisotropy in Ni2MnGa magnetic shape 
memory alloy
* Rudra Banerjee, Julie Staunton

S19 206 Density functional theory study of methanol and other biomass derived 
alcohols decomposition on Metal Surfaces
* Qiang Li, Rodrigo Garcia-Muelas, Nuria Lopez

S19 207 Anatase and Rutile TiO2 Nanoparticles: Density Functional and Force Field 
Calculations
* Maria de los Angeles Caravaca, John E. Lowther, Caudio Ariel Ponce, 
Ricardo Antonio Casali

S19 208 Ab-initio Studies of Structure, Electronic Properties and Relative Stability of 
SnO2 Nanoparticles as a Function of Stoichiometry, Temperature and Oxygen 
Partial Pressure
* Ricardo Antonio Casali, C. Ariel Ponce, Maria A. Caravaca

S19 209 Rational Catalyst Design for Nitrogen Reduction and Water Splitting?
* Aleksandra Vojvodic

S19 210 Ab-initio calculation of the Wagner interaction parameter between interstitial 
and substitutional solutes in ferrite solid solution
* Jaysree Pan, Marcel Sluiter

S19 211 Electronic structure prediction of chemical ordering in heterometallic particles 
of several nm
* Sergey Kozlov, Gábor Kovács, Riccardo Ferrando, Konstantin Neyman

S19 212 Conductivity in solid-state lithium-ion conductors for battery applications 
* Aris Marcolongo, Nicola Marzari

S19 213 Core-level shifts in nanostructured MoS2: reconciling theory and experiment
* Albert Bruix, Henrik Füchtbauer, Mie Andersen, Alexander Walton, Flemming 
Besenbacher, Jeppe Vang Lauritsen, Bjørk Hammer
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S19 214 Predicting High Entropy Alloys – The Ultimate Solid Solution Alloys
* G. Malcolm Stocks, M. Claudia Troparevsky, James R. Morris, Paul R. C. 
Kent, Andrew R. Lupini

S19 215 First-principles study of carbon monoxide and oxygen adsorption on Pt/γ-
Al2O3 (001) surface
* Naoki Uemura, Tamio Oguchi

S19 216 Pseudopotential Libraries and High-throughput Computational Screening. The 
case of Rare-Earth Perovskites for Light Harvesting
* Ivano Eligio Castelli, Nicolas Mounet, Nicola Marzari

S19 217 Materials Beyond the Periodic Table: A High-Throughput Structure Prediction 
Study
* Martin Uhrin, Chris J. Pickard

S19 218 3d-5d exchange interaction in quadruple perovskites AMn3B4O12
* Masayuki Toyoda, Kunihiko Yamauchi, Tamio Oguchi

S19 219 First-principles simulations of the switching mechanism in tantalum oxide-
based resistive memory devices
* Akira Nakayama, Jun-ya Hasegawa, Hisao Nakamura

S19 220 Carbon sp wires connecting graphene fragments and nanoholes
* Giovanni Onida, Nicola Manini

S19 221 Theory-guided design of thin-film superlattice structures with extreme stiffness: 
A combined atom probe tomography and ab initio study
* Martin Friak, Darius Tytko, David Holec, Pyuck-Pa Choi, Philip Eisenlohr, 
Dierk Raabe, Mojmir Sob, Joerg Neugebauer

S19 222 Ni-based nanoalloys: Towards thermally stable highly magnetic materials
* Dennis Palagin, Jonathan P. K. Doye

S19 223 Two-dimensional electronic states in perovskite-type KTiO2H: comparison with 
KTiO2X (X = F, Cl, Br) and MTiO2H (M = Li, Na, Rb, Cs)
* Nobuya Sato, Ryosuke Akashi, Shinji Tsuneyuki

S19 224 Ab initio non-equilibrium molecular dynamics combined with color-diffusion 
algorithm: a theoretical study of ionic conductivity in Gd and Sm –doped CeO2
* Olga Vekilova

S19 225 Hydrophobicity of rare-earth oxides: a DFT study
* Carchini Giuliano, García-Melchor Max, Łodziana Zbigniev, López Núria

S19 226 Screening next-generation solar materials: chemical insight as a descriptor
* Keith Butler, Aron Walsh, Adam Jackson

S19 227 Accurate Description of the Dispersion Interaction in Alkali Metals
* Minho Kim, Hyungjun Kim

S19 228 H, N, O and Li Impurities in Si at Finite Temperature
* Jamie Wynn, Andrew Morris

S19 229 First-principles simulations of Mg/MgO interfacial free energies
* Wenwu Xu, Andrew Horsfield, Peter Lee

S19 230 Structure of Large Oxide-Supported Nanoparticles Based on Interatomic 
Potentials and Electron Microscopy
* Jacob Madsen, Pei Liu, Thomas Willum Hansen, Jakob Schiøtz
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S19 231 DFT and tight binding approach to nitride nanostructures
* Abdelhakim Meziani, Lemina Semra, Azzedine Telia

S19 232 Surface phase transition driven by deprotonation reaction 
* Chiara Paris, Andrea Floris, Lev Kantorovich

S19 233 CO adsorption and carburization through Fe 110 surface: A multiscale 
approach
* Aurab Chakrabarty, Iwan Halim Sahputra, Othmane Bouhali, Normand 
Mousseau, Charlotte S. Becquart, Fadwa El Mellouhi

S19 234 Effect of Cu-substitution on Mechanical Stability, Electronic Structure and 
Magnetic Properties of Ni2MnGa, Pd2MnGa and Pt2MnGa
* Tufan Roy, Aparna Chakrabarti

S19 235 Absolute interface stabilities and local bonding considerations for various GaP-
Si interface configurations
* Andreas Stegmüller, Ralf Tonner

S19 236 Unconventional point defects in hexagonal yttrium manganite
* Sandra Helen Skjaervoe, Thomas Tybell, Sverre Magnus Selbach

S19 237 Cation ordering in tungsten-bronze-type oxides from first principles
* Gerhard Henning Olsen, Ulrich Aschauer, Nicola Spaldin, Sverre Magnus 
Selbach, Tor Grande

S19 238 Hybrid organic-ferromagnetic interfaces: A new approach to surface magnetism
* Rico Friedrich, Vasile Caciuc, Nikolai S. Kiselev, Nicolae Atodiresei, Stefan 
Blügel

S19 239 Large molecules on surfaces: Metalloporphyrin adsorption and reactivity 
investigated by dispersion-corrected DFT and TDDFT methods
* Wolfgang Hieringer

S19 240 Searching for superior piezoelectric materials by scanning metastable nitride 
alloys; combining theory and experiments
* Christopher Tholander, Agnė Zukauskaitė, Ferenc Tasnádi, Jens Birch, Igor 
A. Abrikosov, Lars Hultman, Björn Alling

S19 241 High-Throughput First-Principles Approach to Materials Design: Discovery of 
Novel Perovskites for Solar Thermochemical Water Splitting
* Antoine Emery, Chris Wolverton

S19 242 Ab initio Calculations of Open Cell Voltage in Li-ion Organic Radical Batteries
* Nicolas Dardenne, Xavier Blase, Geoffroy Hautier, Jean-Christophe Charlier, 
Gian-Marco Rignanese

S19 243 Ab-Initio Studies of Ce-doped Phosphors for White LED
* Yongchao Jia, Samuel Ponće, Masayoshi Mikami, Xavier Gonze

S19 244 Magnetic coupling in unligated and ligated Fe phthalocyanine and Fe porphyrin 
macrocycles
* Heike Herper, Barbara Brena

S19 245 Magnetic and structural transition in manganese nanostructures over gallium 
nitride: an interplay between ab initio calculations and experiments
* Valeria Ferrari, M. Andrea Barral, Abhijit Chinchore, Yingqiao Ma, Pablo 
Ordejón, Arthur Smith
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S19 246 Clean and adsorbed 4H-SiC {0001} surfaces: towards crystal growth 
modelling.
* Elwira Wachowicz, Adam Kiejna

S19 247 A new Ice phase from DFT and DMC studies
* Cheng-Rong Hsing, Ching-Ming Wei

S19 248 DFT study of molybdenum oxides as selective catalysts to biomass conversion
* Marcos Rellán-Piñeiro, Nuria López

S19 249 Ab initio calculations for magnetic order in surface and bulk systems
* Frantisek Maca, Vaclav Drchal, Josef Kudrnovsky

S19 250 Correlation between diffusion barriers and heat of formation in X3M alloys
* Ulrik Grønbjerg Vej-Hansen, Jan Rossmeisl, Jakob Schiøtz

S19 251 Ex Nihilo Structure Prediction of Materials
* Andrew J. Morris, Clare P. Grey, Chris J. Pickard

S19 252 How does thermal motion influence lattice atoms? Challenges on the {100} 
facet of ceria
* Marcal Capdevila-Cortada, Nuria Lopez

S19 253 Lattice dynamic of antiferro- and ferro-magnetic phases of FeRh
* Maxim Belov, Alena Ponomareva, Ekaterina Smirnova, Vladimir Dikan, Viktor 
Koledov, Igor Abrikosov

S19 254 Cohesion of the electrodes on diamond device surfaces
* Tack Uyeda, Isaac Motochi, Nicholas Makau, George Amolo, Ryo Maezono

S19 255 Designing new materials with the high-throughput toolkit
* Rickard Armiento

S19 256 Computational search for stable and efficient photovoltaic absorbers
* Sabine Körbel, Miguel Marques, Silvana Botti

S19 257 Computational prediction and analysis of layered material impurities in 
photovoltaic devices
* Lee Burton, Fumiyasu Oba

S19 258 Materials Design of the Low-cost, Environment-friendly and High-Efficiency 
Photovoltaic Solar Cells by Self-regeneration Mechanism and Self-organization 
of Nano-structures in Perovskite CsSnI3
* Hiroshi Katayama-Yoshida, Takuto Kishida, Tetsuya Fukushima, Kazunori 
Sato, Hideo Asahina

S19 259 Systematic first-principles lattice thermal conductivity calculations
* Atsushi Togo, Isao Tanaka

S19 260 Computational materials design of attractive Fermion system with large 
negative effective Ueff in the hole-doped Delafossite of CuAlO2, AgAlO2 and 
AuAlO2: charge-excitation induced Ueff < 0
* Hiroshi Katayama-Yoshida, Akitaka Nakanishi, Tetsuya Fukushima, Hiroki 
Uede

S19 261 A first principles study of strengthening mechanism by boron in body-centered 
cubic iron through (Fe,Cr)23(C,B)6 precipitates
* Ryoji Sahara, Tetsuya Matsunaga, Hiromichi Hongo, Masaaki Tabuchi
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S19 262 Relation between clustering and the electronic structure in (Ga, Mn)As and (In, 
Mn)As
* Van An DInh, Kazunori Sato, Hiroshi Katayama-Yoshida, Tomoyuki Kakeshita

S19 263 Theoretical Studies of Electronic Structure and Magnetic Property in Transition 
Metal doped Ge2Sb2Te5 by Order-N Screened Korringa-Kohn-Rostoker 
Green’s Function Method
* Tetsuya Fukushima, Hiroshi Katayama-Yoshida, Kazunori Sato, Hitoshi Fujii, 
Elias Rabel, Rudolf Zeller, Peter Dederichs, Wei Zhang, Riccardo Mazzarello

S19 264 Equilibrium crystal shapes and surface energies of polar materials
* Hong Li, Lutz Geelhar, Henning Riechert, Claudia Draxl

S19 265 Pressure Dependent Electronic Properties of Organic Semiconductors from 
First Principles
* Franz Knuth, Christian Carbogno, Volker Blum, Matthias Scheffler

S19 266 Strained Transition Metal Substrates and its Effects on the Adsorption of Water 
and Ethanol
* Rafael Freire, Polina Tereshchuk, Adam Kiejna, Juarez Da Silva

S19 267 DFT+U investigation of Au subnanostructures on hematite (0001) surface
* Tomasz Pabisiak, Maciej Winiarski, Adam Kiejna

S19 268 Configurational effects on the piezoelectric properties of ScAlN
* Miguel A. Caro, Siyuan Zhang, Tomi Laurila, Olga Lopez-Acevedo

S19 269 DFT studies of initial stages of oxidation of iron surfaces
* Tomasz Ossowski, Adam Kiejna

S19 270 Investigation of Prussian blue type redox catalysts for artificial photosynthesis
* Franziska Hegner

S19 271 Computational screening of new inorganic materials for photovoltaics
* Korina Kuhar, Karsten Wedel Jacobsen, Kristian Sommer Thygesen, 
Mohnish Pandey, Filip Anselm Rasmussen

S19 272 Thermodynamic and elastic properties of bcc-Ti and V and their alloys from ab 
initio theory
* Maksim P. Belov, Natalia V. Skripnyak, Alena V. Ponomareva, Svetlana A. 
Barannikova, Igor A. Abrikosov

S19 273 Do Cement Nanotubes exist?
* Andres Ayuela, H. Manzano, A. N. Enyashin, J. S. Dolado, J. Frenzel, G. 
Seifert

S19 274 Theoretical investigation compressibility of Ir-Os alloys under pressure
* Ekaterina Smirnova, Alena Ponomareva, Igor Abrikosov

S19 275 Ab initio study of bonding in zinc-modified zeolites
* Lubomir Benco, Tomas Bucko

S19 276 Designing improved corrosion inhibitors for copper: the case of benzotriazole
* Chiara Gattinoni, Angelos Michaelides

S19 277 Ab-initio Modeling of Pyrphyrin Adsorption on Reconstructed Au(111) Surface
* Yeliz Gurdal, Marcella Iannuzzi, Sandra Luber, Jurg Hutter

S19 278 Doping of Ni2MnGa: coherent potential approximation and supercell approach
* Martin Zelený, Alexei Sozinov, Torbjörn Björkman, Ladislav Straka, Risto M. 
Nieminen
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S19 279 Computational studies of hydrogen bromide oxidation over RuO2(110)
* Michael Higham

S19 270 Mechanical and Structural Stability of Solids Under High Pressures From First 
Principles
* Andrey V Lugovskoy, Igor Y Mosyagin, Maksim P Belov, Oleg M Krasilnikov, 
Yuri K Vekilov, Igor A Abrikosov

S19 281 Effect of Ni, Mn and Mo on phase stability in bcc Fe-Cr alloys 
* Alena Ponomareva, Igor Abrikosov

S19 282 Comprehensively Integrated Environment for Materials Simulation (CINEMAS) 
for efficient design of materials
* Seung-Cheol Lee, Kapil Gupta, Satadeep Bhattachrjee, Ki-Ha Hong

S19 283 First principles study of P2 and O3-Na2/3Mn1/3Fe2/3O2 cathode materials: 
relative stability and atomic ordering
* Nebil A. Katcho, Javier Carrasco

S19 284 Site preference of NH3-adsorption on Co,Pt and CoPt surfaces:the role of 
charge transfer,magnetism and strain
* Satadeep Bhattacharjee, Kapil Gupta, Namgee Jung, Sung Jong Yoo, Umesh 
V Waghmare, Seung-Cheol Lee

S19 285 Driving select architectures of nanoparticles: the role of the van der Waals 
interactions
* Neyvis Almora-Barrios, Nuria Lopez

S19 286 Revisiting the surface of La2NiO4: A density functional theory study
* Ji Wu, Giuseppe Mallia, Andrew Horsfield

S19 287 Reduced mixing enthalpy of TiN/Ti1-xAlxN(100) multilayers
* Fei Wang, Sergei Simak, Magnus Odén, Igor Abrikosov, Ferenc Tasnádi

S19 288 Linear-scaling DFT study on the structural and electronic properties of Ge/Si 
core-shell nanowires
* Jian-Bo Lin, Ayako Nakata, David.R Bowler, Tsuyoshi Miyazaki

S19 289 Modelling All-Solid-State Batteries
* Harald Oberhofer, Christoph Scheurer, Johannes Voss, Alan Luntz, Karsten 
Reuter

S19 290 Circularly polarized luminescence in Eu-doped GaN
* Akira Masago, Mitsuharu Uemoto, Tetsuya Fukushima, Kazunori Sato, 
Hiroshi Katayama-Yoshida

S19 291 Inverse Design of Inorganic Electrides
* Yunwei Zhang, Hui Wang, Yanchao Wang, Yanming Ma

S19 292 Phonon Engineering for Hot-Carrier Solar Cells
* Hugo Levard, Sana Laribi, Jean-Francois Guillemoles

S19 Thermodynamics of CuPt nanoalloys via a new DFT-fitted atomistic potential
* Kevin Rossi, Luca Pavan, Francesca Baletto
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Symp. 20: Machine Learning in Materials Modeling
Organized by Gabor Csanyi and Alex Tkatchenko

Poster Area A

S20 293 Gaussian approximation potentials: the case of α-iron
* Daniele Dragoni, Gábor Csányi, Nicola Marzari

S20 294 QM-based Data Chemistry: A Strategy for Computational Molecular/Reaction 
Discovery Based on the Global Reaction Route Mapping
* Hiroko Satoh, Tomohiro Oda, Kumiyo Nakakoji, Takeaki Uno, Hiroaki Tanaka, 
Satoru Iwata, Koichi Ohno

S20 295 Relations Between Machine Learning and Quantum Mechanics
* Gionni Marchetti, Alexandre Tkatchenko

S20 296 Estimation of band-gaps of binary compounds using density functional theory 
calculations and machine learning algorithms
* Joohwi Lee, Atsuto Seko, Kazuki Shitara, Isao Tanaka

S20 297 Density functionals via machine learning
* John C. Snyder, Felix Brockherde, Eberhard K. U. Gross, Klaus-Robert 
Müller, Kieron Burke

S20 298 A Gaussian Approximation Potential (GAP) for the Ge2Sb2Te5 phase change 
material
* Gábor Csányi, Felix-Cosmin Mocanu, Stephen Elliott

S20 299 Locality of forces in molecular systems
* Max Veit, Gábor Csányi

S20 300 The NoMaD Laboratory and Big-Data Analytics: Extracting hidden information 
from repositories of computational materials science
* Mohamed Fawzi, Luca M. Ghiringhelli, Christian Carbogno, Claudia Draxl, 
Alessandro De Vita, Daan Frenkel, Francesc Illas, Risto Nieminen, Angel 
Rubio, Kristian Sommer Thygesen, Matthias Scheffler
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Symp. 22: Electron Phonon Coupling and Thermoelectricity
Organized by Christian Carbogno, Nicola Marzari, Matthieu 

Verstraete, Claudia Draxl, George
Poster Area B, C, D

S22 301 Non-Perturbative Effects of Electron-Phonon Interaction in Strongly Disordered 
Systems
* Domenico Di Sante, Sergio Ciuchi

S22 302 Stability and electronic properties of the thermoelectric clathrates Ba8AlxSi46-x 
and Sr8AlxSi46-x
* Maria Troppenz, Santiago Rigamonti, Claudia Draxl

S22 303 Tight binding model for thermal properties of Si nanostructures
* Ankita Katre, Georg K. H. Madsen

S22 304 The electron-phonon coupling and superconductivity for light-actinides on fcc 
structure: a first principles study
* Omar De la Pena-Seaman, Paola Gonzalez-Castelazo, Romeo de Coss-
Martinez, Rolf Heid, Klaus-Peter Bohnen

S22 305 Indirect optical absorption using the Williams-Lax theory
* Marios Zacharias, Christopher Patrick, Feliciano Giustino

S22 306 Thermoelectric properties of n-doped Silicon and simple metals from first-
principles
* Mattia Fiorentini, Nicola Bonini

S22 307 Correlated Electron-Nuclear Dynamics: Exact Factorization of the Time-
Dependent Electron-Nuclear Wavefunction, Exact Potential Energy Surfaces 
and Berry Phases
* Ali Abedi

S22 308 How sensitive are thermoelectric properties to the exchange account used to 
generate the band structure?
* Kristian Berland, Clas Persson

S22 309 Phonon-Phon Interaction in Strongly Anharmonic Crystals
* Lorenzo Paulatto, Davide Campi, Ion Errea, Matteo Calandra, Francesco 
Mauri

S22 310 Thermal stabilization and transport properties of SnSe from First Principles
* Antoine Dewandre, Olle Hellman, Aldo H. Romero, Matthieu J. Verstraete

S22 311 First-principles calculation of femtosecond symmetry-breaking atomic forces in 
photoexcited bismuth
* Éamonn Murray, Stephen Fahy

S22 312 First-principles calculation of anharmonic phonon frequency, lifetime, and 
thermal conductivity of cubic SrTiO3: A self-consistent phonon approach
* Terumasa Tadano, Shinji Tsuneyuki

S22 313 Engineering Phonon Scattering by Driving PbTe Materials to a Phase 
Transition via Strain or Alloying
* Ivana Savic, Ronan Murphy, Eamonn Murray, Stephen Fahy
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S22 314 The EPW code
* Samuel Ponce, Roxana Margine, Carla Verdi, Feliciano Giustino

S22 315 Strong electron-phonon coupling in the σ-band of grapheme
* Thomas Frederiksen, F Mazzola, J. Wells, T. Balasubramanian, B. Hellsing

S22 316 Thermoelectric properties of two- and one-dimensional silicene and germanene 
from first-principle calculations
* Kaike Yang, Andres Cantarero, Angel Rubio, Roberto D’Agosta

S22 317 Optimal thermoelectric figure of merit of SiGe core-shell nanowires
* Roberto D’agosta, Kaike Yang, Andres Cantarero, Angel Rubio.

S22 318 Thermoelectric Properties of SiGe from First Principles
* Felipe Murphy Armando

S22 319 Refined forces within the FLAPW method: Drift forces and FD phonon spectra
* Daniel Aaron Klueppelberg, Markus Betzinger, Stefan Blügel

S22 320 Assessment of the accuracy of hybrid density-functionals for polarons in oxides
* Sebastian Kokott, Sergey Levchenko, Matthias Scheffler

S22 321 Helmholtz Fermi surface harmonics: an efficient approach for treating 
anisotropic problems involving Fermi surface integrals
* Idoia G. Gurtubay, Asier Eiguren

S22 322 Theoretical Study of Ga-based Chalcopyrite compounds as Thermoelectric 
Materials
* Hiroki Funashima, Atsuko Kosuga, Shun Miyaue, Yosuke Fujii, Akira Yanase, 
Hiroshi Katayama-Yoshida

S22 323 Ab-initio computational modelling of electron-phonon interaction in polar 
materials
* Carla Verdi, Feliciano Giustino

S22 324 Vibrational Dynamics of Skutterudites: Role of the Fillers
* Susmita Basak, Christian Carbogno, Matthias Scheffler

S22 325 Ab-initio calculation of the Raman spectrum of graphene-based materials
* Albin Hertrich, Caterina Cocchi, Pasquale Pavone, Claudia Draxl

S22 326 Electronic and vibrational properties of TiSe2 in the charge-density wave phase 
from first principles
* Raffaello Bianco, Matteo Calandra, Francesco Mauri

S22 327 Theory of polaron bandnarrowing and phonon renormalization due to quadratic 
electron-phonon coupling
* Pablo Garcia Risueno, Claudia Draxl, Karsten Hannewald

S22 328 Formation of Vacancies in Si- and Ge-based Clathrates: The Importance of 
Broken Symmetries
* Amrita Bhattacharya, Christian Carbogno, Matthias Scheffler

S22 329 The butterfly- modelling STM imaging on Si/Ge(001):H
* Mads Engelund, Thomas Frederiksen, Aran Garcia-Lekue, Daniel Sanchez-
Portal, Szymon Godlewski, Marek Kolmer, Rafal Zuzak, Marek Szymonski

S22 330 Electron-Phonon Interaction with Numeric Atom-centered Orbitals
* Honghui Shang, Christian Carbogno, Patrick Rinke, Matthias Scheffler
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S22 331 Thermoelectric signature of topological surface states in thin film 
chalcogenides
* Nicki Frank Hinsche, Florian Rittweger, Tomáš Rauch, Jürgen Henk, Ingrid 
Mertig
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Symp. 27: Transport Properties
Organized by Kiyo Terakura, Hardy Gross, Feng Yuang Ping

Poster Area E

S27 332 Modeling electronic transport in layered organic crystals
* Rajarshi Tiwari, Stefano Sanvito

S27 333 Anisotropic transport properties of Ba-122 compounds calculated by the Kubo-
formalism
* Gerald Derondeau, Sebastian Wimmer, Diemo Ködderitzsch, Hubert Ebert, 
Jan Minar

S27 334 Ab initio quantum transport in atomic carbon chains
* Jean-Christophe Charlier

S27 335 Strong localization in quasi one-dimensional systems with realistic defects: 
application to carbon nanotubes
* Fabian Teichert, Andreas Zienert, Jörg Schuster, Michael Schreiber

S27 336 Ab initio calculations of temperature dependent resistivity for transition metals
* David Wagenknecht, Karel Carva, Ilja Turek

S27 337 Accurate effective masses from first principles
* Jonathan Laflamme Janssen, Xavier Gonze

S27 338 Microscopic theory and ab initio simulation of atomic heat transport
* Aris Marcolongo, Paolo Umari, Stefano Baroni

S27 339 Spin polarization of electronic current in graphene by Fe adsorption
* Elisabetta del Castillo, Fausto Cargnoni, Simona Achilli, Mario Italo Trioni

S27 340 Transport in disordered Semiconductors
* Jarvist Moore Frost, Beth Rice, Suzanne Wallace, Stef Kynaston, Jenny 
Nelson, Aron Walsh

S27 341 Graphene/metal Moirés: Unveiling structural and electronic modulations with 
transport simulations 
* Ruben Perez

S27 342 Atomistic simulations of thermal transport and thermal boundary resistance in 
phase change materials for non-volatile memories
* Davide Campi, Edoardo Baldi, Emanuele Bosoni, Giacomo Graceffa, Davide 
Donadio, Gabriele Sosso, Lorenzo Paulatto, Giorgia Fugallo, Francesco Mauri, 
Marco Bernasconi

S27 343 Resonant transport and electrostatic effects in single-molecule electrical 
junctions
* Linda Angela Zotti, Carly Brooke, Andrea Vezzoli, Simon J. Higgins, Juan 
Jose Palacios, Richard J Nichols

S27 344 Modeling or electron tunneling trough layered perovskite oxide structures 
* Noora Tuomisto, Asier Zugarramurdi, Martti Puska, Sebastiaan van Dijken

S27 345 Transport across single- and multi-molecular junctions: A combined DFT and 
experimental exploration
* Aaron Thong, Milo Shaffer, Andrew Horsfield
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S27 346 Electromechanical properties of Nanowires studied from first principles
* Clotilde Cucinotta, Stefano Sanvito

S27 347 Electron tunelling through Al/Al2O3/Al interfaces and the effect of interface 
geometry 
* Manana Koberidze, Anna Feshchenko, Jukka Pekola, Martti Puska, Risto 
Nieminen

S27 348 N ≥ 1 terminal support in the DFT+NEGF code TranSIESTA
* Nick Papior Andersen, Mads Brandbyge

S27 349 Dynamical correction of thermoelectric coefficients for strongly interacting 
electrons in the Coulomb blockade regime
* Kaike Yang, Gianluca Stefanucci, Stefan Kurth, Roberto D’Agosta

S27 350 Data-driven Statistical Analysis of Electrical-Transport Simulation of Molecular 
Junctions
* Yasunobu Ando, So Fujikake, Satoshi Watanabe

S27 351 First-principles calculation of carrier transport in Pd due to H absorption
* Felipe Murphy Armando

S27 352 Quantum transport properties of Cu-CNT composites
* Mahdi Ghorbani-Asl, Paul D. Bristowe, Krzysztof Koziol

S27 353 Doping semiconducting carbon nanotubes with electronegative molecules
* Tomi Ketolainen, Ville Havu, Martti Puska

S27 354 Efficient solver of the Green’s function method for electronic transport 
calculations
* Shigeru Iwase, Tomoya Ono

S27 355 ZnO, AlN and GaN as a tunnel barriers for TMR applications
* Gokaran Shukla

S27 356 Oxygen adsorbed In/Si(111)-(4x1)/(8x2): surface transport and and impurity-
mediated early condensation of an atomic layer electronic crystal
* F. Edler, I. Miccoli, S. Demuth, H. Pfnür, A. Lücke, D. M. Oh, S. Wippermann, 
H. W. Yeom, W. G. Schmidt, C. Tegenkamp

S27 357 Electron and spin resolved transport properties of organic charge transfer 
dimmers
* Simon Liebing, Torsten Hahn, Jens Kortus

S27 358 Spin-dependent electronic transport in nano-scale systems
* Andrea Droghetti, Ivan Rungger

S27 359 Electron transport calculations within the framework of real-space finite-
difference formalism
* Shigeru Tsukamoto, Stefan Blügel

S27 360 Transport properties of metal-graphene 1D contacts
* Bernhard Kretz, Bernhard Kretz, Thomas Frederiksen, Aran Garcia-Lekue

S27 361 Electron transport through a C20H10-CNT molecular junction: a First-Principles 
Investigation
* Laura Zoppi, Andrea Ferretti, Kim Baldridge

S27 362 Electronic transport through magnetic molecules adsorbed on metallic surfaces
* Alouani Mebarek
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S27 363 Direct Method for Calculating Temperature-Dependent Transport Properties
* Yi Liu, Zhe Yuan, Rien J.H. Wesselink, Anton A. Starikov, Mark van 
Schilfgaarde, Paul J. Kelly

S27 364 Phonon renormalized frequency and linewidths extracted from ab initio MD 
trajectory using Dynaphopy code
* Abel Carreras Conill, Atsushi Togo, Isao Tanaka

S27 365 Transport calculation method using real-space finite-difference Green’s 
function scheme
* Tomoya Ono

S27 366 Mechanism of H2O Induced Conductance Changes in AuCl4 Functionalized 
CNTs
* Altynbek Murat, Ivan Rungger, Stefano Sanvito, Udo Schwingenschlögl

S27 367 Electronic properties of silicene superlattices
* Ayoub Esmailpour, Marzieh Abdolmaleki, Fatemeh Ziba
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Symp. 1: Thirty Years of Car-Parrinelo
organized by Giulia Galli

Poster Area G

S1 001

The behavior of boron carbide under stress

* Pavel Korotaev1, Pavel Pokatashkin1, Aleksey Yanilkin1

1) All-Russia Research Institute of Automatics 

Born carbide (B4C) is promising material with a great number of applications. We focus on 
stability of boron carbide under stress. To study different stressed states three loading 
regimes were considered: hydrostatic, uniform, and uniaxial. Calculations were performed 
using quantum molecular dynamics and ionic relaxation within density functional theory 
framework.

We found that behavior of boron carbide significantly depends on degree of non-
hydrostatic stress. During hydrostatic loading structural phase transitions are absent, 
however continuous bending of three-atomic chain is observed. Uniform loading involve 
existence of non-hydrostatic stress due to complexity of structure. The presence of such 
stress deviator leads to abrupt chain bending above threshold value of 11 GPa. The bending 
is accompanied by drop in pressure.

In order to understand the stability of boron carbide under high non-hydrostatic stress 
uniaxial loading simulation was performed. It was established that above 100 GPa of uniaxial 
stress along chain amorphization occurs. Possible amorphous phase is mixture of B12 and 
B11C icosahedra within B and C network. Resulting dependences of total pressure on the 
relative volume are collected at figure 1.



Ψk-2015

300 Abstracts of  Poster Session 1 •  Monday, September 7,  2015

S1 002

Rationalization of Ge-Te-Se glasses structure by RMN and ab inito 
molecular dynamics

* Lila Bouëssel du Bourg1, Katya Sykina1, Eric Furet1, Bruno Bureau1, Laurent le 
Pollès1, Claire Roiland1, Michaël Deschamps2, Chris Pickard3

1) Institut des sciences chimiques de Rennes - UMR 6226- ENSCR, 11 allée de Beaulieu, 
CS50837, 35708 

2) CNRS UPR 3079, 1D Avenue de la Recherche Scientifique, 45071 Orléans cedex 2, France 
3) Department of Physics and Astronomy, University College London, Gower Street, London WC1E 

6BT, UK 

Chalcogenide glasses present interesting properties (high (non-)linear refraction indices, 
reversible crystal-amorphous phase transition, thermoelectricity…)1. They also have a large 
transparence width that covers the two atmospheric windows around 4μm and 10μm, as 
well as vibrational signatures of most molecules. These properties provide several 
applications such as thermal imaging and optic fibers for in situ spectroscopy by evanescent 
waves2.

Among the glasses of germanium-tellurium binaries, GeTe4 transparence is going up to 
20μm3. Meanwhile, this glass synthesis is quite complicated. Only micro samples can be 
obtained and there are recrystallization and demixing phenomena. Glasses from the ternary 
system Ge-Te-Se may avoid this problem by conserving the large transparence window of 
GeTe4 and the easy synthesis and shaping of GeSe4. The role of Te on the material structure 
hasn’t been understood yet. NMR, sensible to the local order, is a good tool for the 
rationalization of these components.

In order to link structures and NMR spectrums, we studied by ab initio molecular dynamic 
and NMR parameters calculation, different glasses in the ternary system Ge-Te-Se. We 
analyzed the impact of different initial configuration models and the role of VDW interaction 
on the structure and NMR parameters.

S1 003

Modeling of carbon dioxide and methane affinity on shale 
minerals with Car-Parinello Molecular Dynamics approach

* Aleksandra Siklitckaia1, Jacek Majewski1

1) Faculty of Physics, University of Warsaw, L. Pasteura 5, 02-093Warsaw, Poland 

Accurate description of CO2 and CH4 adsorption to rocks is an important step to understand 
the mechanisms and to improve the technologies of sequestration and the Enhanced Oil 
recovery in shale rocks. We have performed extensive studies of interaction and adsorption 
of carbon dioxide and methane with a series of surfaces of minerals, including most stable 
CaCO3 (10-14) surface (this surface contains the same number of metal atoms and 
carbonate groups, what keeps total charge neutral), (110) surface of CaO, MgO, and kaolinite 
in the range of temperatures from 0K to 1500K, by means of the ab initio Car-Parrinello 
molecular dynamics with employed van der Waals correction. The performed calculations 
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reveal the following picture. It turns out that the CO2 molecule does not bind to the calcite 
surface at temperatures below 500 K. However, at elevated temperatures, we observe the 
dissociation of CO2 into C attracted to calcite surface and free CO. The CH4 molecules can 
be accumulated at the calcite surface in parallel to CO3 groups at low temperatures and 
even take part in reconfiguration of the surface by dehydrogenation process with the increase 
of temperature. We observe chemisorption of CO2 at the calcium oxide surface.

This work is supported by the SHALESEQ project within the Polish-Norwegian 
Research Programme (EEA Grant PL12-0109)

S1 004

A novel Double-QM/MM method for donor-acceptor electron 
transfer in solution

* Yoshitaka Tateyama1,2,3, Zdenek Futera1,4, Keitaro Sodeyama1,3

1) National Institute for Materials Science 
2) Japan Science and Technology Agency 
3) Kyoto University 
4) Keio University 

We developed a double-quantum mechanical / molecular mechanical (d-QM/MM) method 
for investigation of outer-sphere electron transfer (ET) processes between donor and 
acceptors (DA) in condensed matter [1]. Using this method, one can easily control charge, 
spin states and exchange-correlation treatment of both DA sites in the full ET reaction 
scheme. This is particularly important for studies of distance dependencies of ET involving 
transition metals. To demonstrate performance of the d-QM/MM method, we investigated 
Fe3++Ru2+ → Fe2++Ru3+ in aqueous solution. We evaluated the redox free energy ΔA, 
reorganization free energy λ and electronic coupling in the intermediate distance region, with 
hybrid DFT functional and some spin states. We showed that ΔA is practically distance 
independent, while λis increasing with DA separation distance in agreement with Marcus 
theory. The present d-QM/MM method allows us to explore the distance dependent ET 
phenomena on solid-liquid interfaces, which cannot be dealt by the conventional DFT half-
reaction schemes [2].

[1]. Z. Futera et al., PCCP 16, 19530-19535 (2014).
[2] J. Blumberger et al., JCP 124, 064507 (2006), Y. Tateyama et al., JCP 122, 234505 (2005). J. 

Blumberger, PCCP 128, 124510 (2008).
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S1 005

Dynamics and energetics of gas adsorption on graphene: ab initio 
molecular dynamics study

* Mateusz Wlazło1, Jacek Majewski1

1) University of Warsaw, Faculty of Physics 

Gas adsorption on organic substances is a subject of vivid interest in the field of carbon 
capture and storage (CCS). Shale formations are one of the prime candidates for carbon 
dioxide deposition because of potentially strong bonding, and carbon dioxide is thought to 
exhibit stronger adsorption to those structures than methane. Therefore, the process of 
CO_2-CH_4 exchange may enhance natural gas recovery from shales.

We investigate gas adsorption processes on hexagonal carbon systems modeled by 
graphene layers. Chemi- and physisorption energies are determined via density functional 
theory (DFT) plane-wave calculations. Car-Parrinello molecular dynamics (CPMD) 
simulations in the canonical (NTV) ensemble are employed to give insight into kinetics of 
adsorption in finite temperature. These calculations use norm-conserving and ultrasoft 
pseudopotentials and BLYP exchange-correlation functional with semi-empirical DFT-D2 
dispersion correction to account for important van der Waals bonding.

Results for adsorption of gaseous species, including H, H_2, CO, CO_2, CH_3 and 
CH_4, to pristine and defected graphene layers are presented. Among the studied defects 
are monovacancies and Stone-Wales (5-7-7-5) defects. Specifically, CPMD simulations 
reveal temperature-dependent buckling of graphene layers with Stone-Wales defects.

This work is supported by the SHALESEQ project within the Polish-Norwegian Research 
Programme (EEA Grant PL12-0109).

S1 006

Dipole emergence in lead chalcogenides

* Boris Sangiorgio1, Michael Fechner1, Nicola Spaldin1

1) ETH Zurich, Materials Theory 

Lead telluride (PbTe) is a narrow gap semiconductor that exhibits the rocksalt structure at 
low temperatures. However, recent experiments [1,2] suggest that upon heating an unusual 
local symmetry lowering occurs, that has been associated with the emergence of local 
dipoles by Pb off-centering. To identify the mechanisms behind this observation we first 
perform ab initio molecular dynamics calculations, which suggest large anharmonic effects 
in PbTe, but no static Pb off-centering. We then fit Tersoff potentials [3] to the ab-initio 
trajectories, allowing the study of larger systems at longer simulation times, to check for 
finite-size and timescale effects.
[1] Božin, E. et al., Science 330, 1660 (2010)
[2] Jensen, K. et al., Phys Rev B 86, 085313 (2012)
[3] Zipoli, F. et al., New J. Phys. 15, 123006 (2013)
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S1 007

Ab-initio molecular dynamics simulations on wet alumina/
isopropanol solid/liquid interfaces

* Paul Schwarz1, Bernd Meyer1

1) Interdisciplinary Center for Molecular Materials and Computer-Chemistry-Center, Friedrich-
Alexander-University Erlangen-Nürnberg 

The solid/liquid interface of wet and hydroxylated α-alumina/isopropanol is studied using ab-
initio Car-Parrinello molecular dynamics (CPMD) simulations. The proper description of 
liquid isopropanol by our PBE+D2 setup was benchmarked by comparing molecular 
interaction energies with basis set extrapolated coupled-cluster CCSD(T) results. 
Furthermore, pair correlation functions and diffusion coefficients from CPMD simulations at 
different temperatures were compared to experiment.

For the alumina slab three different surface models were taken into account: a termination 
with a full hydroxyl layer (hyd), an aluminum termination with dissociated water molecules to 
saturate undercoordinated surface sites (w1) and a third model with adsorbed water 
molecules between the OH groups of the w1 structure (w2). The CPMD simulations show 
that the additional water molecules in the w2 slab induce deprotonation of lower-lying OH 
groups. Similar observations were made by adding isopropanol to the w1 slab. This 
deprotonation leads to the formation of new water molecules and oxonium ions. We analyzed 
the evolution and distribution of these species and the conditions for proton transfers between 
them. Furthermore, the dependency of the structure of the liquid isopropanol on the 
termination of the alumina slabs will be discussed.

S1 008

Sulfuric acid intercalated graphite: Modification of liquid 
structure, proton transfer dynamics and electron distribution by 
oxidation

*Steffen Seiler1, Bernd Meyer1

1) Interdisciplinary Center for Molecular Materials and Computer-Chemistry-Center, Friedrich-
Alexander-University Erlangen-Nürnberg 

Wet-chemical exfoliation of graphite via Hummers method[1,2] is a promising route for large-
scale graphene production. This solution-based process is carried out in concentrated 
sulfuric acid and involves several steps: first, graphite is converted into a sulfuric acid-
graphite intercalation compound (GIC), then the GIC is transformed into oxidized graphite, 
graphene oxide (GO) layers are separated in solution by hydrolysis reactions, and finally the 
GO layers are reduced to graphene[3].

To obtain atomistic insights into the mechanisms of the chemical reactions in liquid sulfuric 
acid within the confined space between graphene layers we performed Car-Parrinello 
molecular dynamics simulations. Single oxidation events and the stability of oxidized 
graphene sheets were investigated by steered MD techniques. The electron redistribution 
and the change of the dynamic properties of the sulfuric acid liquid has been analyzed, and 
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we will show how the proton transfer dynamics in sulfuric acid is altered by the confinement 
and by the change of the oxidation state of the graphene sheets.
[1] W. S. Hummers, J. Am. Chem. Soc. 80, 1339 (1958).
[2] D. C. Marcano et al., ACSNano 4, 4806 (2010).
[3] A. M. Dimiev, J. M. Tour, ACSNano 8, 3060 (2014).
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Symp. 2: GW and BSE
organized by Rex Godby, Lucia Reining

Poster Area B

S2 009

Optical absorption spectra from real time propagation of orbitals

*Tobias Sander1, Georg Kresse1

1) Computational Materials Physics, University of Vienna, Sensengasse 8/12, 1090 Vienna, Austria 

To determine optical properties and absorption spectra within many-body perturbation 
theory, one usually needs to solve the Bethe-Salpeter equation (BSE). Within the traditional 
ansatz, the Dyson like BS equation for the polarizability is solved in a suitable basis of 
electron-hole pairs. This requires to diagonalize an in general non-Hermitian and complex 
matrix (BSE matrix). Usually, the coupling elements between the resonant and anti-resonant 
part of the BSE matrix are neglected, and this is referred to as the Tamm-Dancoff 
approximation. By using time inversion symmetry, one can rewrite the full BSE matrix as a 
squared Hermitian problem that can be solved with little extra computational cost compared 
to the Tamm-Dancoff approximation. 

We also present an alternative but equivalent method by propagating the orbitals in real 
time by an effective one-electron Hamiltonian. This allows to calculate the polarizability 
beyond the TDA without further approximations. In this way, the storage and diagonalization 
of the BSE matrix is avoided and scaling w.r.t. the system size is reduced from N^5 to N^3. 
We present first results for prototypical systems, comparing this approach with the 
conventional diagonalization of the BSE matrix.

S2 010

A local representation of the dielectric response function

* Xiaochuan Ge1, Deyu Lu1

1) Center for Functional Nanomaterials, Brookhaven National Laboratory 

The screened dielectric response function ($\\chi$) is a fundamental physical quantity that 
captures the many-electron correlation effect, key to a range of excited state properties 
formulated in the GW/BSE framework. Although $\\chi$ is non-local by definition, a real 
space partition of $\\chi$ onto local structural motifs can help us gain further physical insight 
into, e.g., effective local screening properties. Because the bare response function, $\\
chi_0$, is normally expressed in electron - hole pairs, standard localization procedures for 
electron wave functions can not be directly applied. In this work, we propose a new method 
to decompose $\\chi_0$ and $\\chi$ into contributions from local response of Wannier 
orbitals. We demonstrate that the localization properties of the local response can be 
exploited to build a local basis set for the dielectric response function, which can be used to 
construct a tight-binding Hamiltonian to perform dielectric band structure interpolation.
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Research carried out at the Center for Functional Nanomaterials, Brookhaven National 
Laboratory, which is supported by the U.S. Department of Energy, Office of Basic Energy 
Sciences, under Contract No. DE-SC0012704.

S2 011

GW for molecular crystals

* Peter Koval1, Dietrich Foerster2, Daniel Sanchez-Portal1

1) Donostia International Physics Center 
2) Le Laboratoire Ondes et Matière d’Aquitaine 

In this contribution we would like to present our efforts in the implementation of a low 
complexity scaling algorithm for Hedin\’s GW calculations for molecular crystals. The 
algorithm makes use of the linear combination of atomic orbitals to expand the one-electron 
Green\’s function G and, furthermore, atom-orbital-like functions to span the space of orbital 
products that are necessary to represent the screened interaction W. The usage of spatial 
locality implied by the basis construction allows to formulate the algorithm of O(N3) complexity 
scaling, where N is number of atoms in the unit cell. Moreover, the computational cost is only 
marginally affected by the actual volume of the unit cell (through the computation of the 
Coulomb interaction in momentum space). The latter circumstance is a clear advantage in 
comparison to the plane-wave basis sets in which the calculation of slabs can be problematic. 
However, in this contribution, we will present the algorithm and only proof of principle GW 
calculations for simple organic crystals: pentacene and diindoneperylene.

S2 012

All-electron GW+BSE calculations on small molecules

* Daichi Hirose1, Yoshifumi Noguchi1, Osamu Sugino1

1) Institute for Solid State Physics, The university of Tokyo 

We examined accuracy of the first principles GW+Bethe-Salpeter equation (BSE) method 
for low-energy excited states of small molecules. The standard formalism is based on the 
one-shot GW approximation (GWA) and the Tamm-Dancoff approximation (TDA). However, 
the standard GW+BSE method is found to underestimate the optical gap of N2, CO, H2O, 
C2H4 and CH2O by about 1 eV although the ionization potentials are acculately calculated by 
one-shot GWA with the error begin 0.1-0.2 eV. We investigated the reason by applying the 
existing correction schemes; (1) the correction of the diagonal element of the electron-hole 
interaction kernel using the Hartree-Fock orbital energy, (2) the full BSE scheme beyond the 
TDA, (3) diagonalizing the GW self-energy operator to reconstruct the orbitals. In our case, 
the amount of the correction is not large enough to overcome the 1 eV error. We expect that 
this study makes the problems in the current GW+BSE formalism clearer and provides 
useful information for further intrinsic development beyond the current framework.
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S2 013

GW renormalization of the electron phonon coupling

Claudio Attaccalite1

1) Institut Neel, CNRS, Grenoble (France) 

In this poster I will present different example that show how much GW corrections can 
important in the calculation of electron-phonon (EPC) matrix elements. Finally I will discuss 
different approximations that can speed up calculation of EPC matrix elements within many-
body perturbation theory.
Reference:
1) C. Faber et al., J. of Material Science, 47, 7472(2012)
2) C. Attaccalite et al., Nanoletters, 10, 1172(2010)
3) C. Faber et al. Physical Review B 91 (15), 155109(2015)4) http://slideshare.net/claudioattaccalite/

gw-renormalization-of-the-electron-phonon-coupling

S2 014

Theoretical Optical-Absorption Spectroscopy for Indium Oxide 
and Gallium Oxide

* Joel Varley1, Andre Schleife2

1) Lawrence Livermore National Laboratory 
2) Department of Materials Science and Engineering, University of Illinois at Urbana-Champaign 

For applications in transparent electronics, photovoltaics, and optoelectronics, materials are 
needed that are both highly transparent in the visible spectral range and conductive for 
electrical current. The two transparent conducting oxides In2O3 and Ga2O3 exhibit this 
desirable combination. Consequently, they are increasingly adopted for transparent 
conducting oxide layers as well as standalone semiconductors e.g. in solar-blind photodiodes 
and Schottky diodes for high-power electronics. However, their fundamental optical properties 
are poorly understood, mainly for two reasons: High-quality single crystals are only recently 
becoming available and theoretical studies have been hampered by the complexity of their 
unit cells with up to 40 atoms, rendering accurate results very expensive.

Here we present recent state-of-the-art first-principles calculations based on the Bethe-
Salpeter approach: Using the powerful Blue Waters super computer, we are able to study a 
large photon energy range up to 40 eV, leading to the most accurate theoretical optical 
spectra currently available for these materials. We show the importance of excitonic and 
local-field effects up to high energies. By comparing to novel experimental data, we 
disentangle the interplay of quasiparticle energies and excitonic effects. We study the 
sensitivity of the results to the approximation used for dielectric electron-hole screening and 
we provide understanding of the optical anisotropy for Ga2O3.
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S2 015

Exciton satellites in Photoemission spectra

* Igor Reshetnyak1,2, Matteo Gatti1,2,3, Francesco Sottile1,2, Lucia Reining1,2

1) Laboratoire des Solides Irradiés, École Polytechnique, CNRS, CEA-DSM, 91128 Palaiseau 
cedex, France 

2) European Theoretical Spectroscopy Facility (ETSF) 
3) Synchrotron SOLEIL, L’Orme des Merisier, BP 48 Saint-Aubin, 91192 Gif sur Yvette, France 

Plasmon satellites are widely studied features in photoemission spectra. Current state of the 
art methods, based on the GW plus cumulant approach[1,2,3], give a good description of 
quasiparticles and combined quasiparticle-plasmon spectral features. Here, we demonstrate 
the existence of exciton satellites, alongside the plasmon ones, in wide gap insulators.

To this end, the dynamically screened Coulomb interaction matrix WG,G\’(q), for 
transferred momenta q across the entire Brillouin zone[4] and reciprocal lattice vectors G, G′ 
including off-diagonal (G≠G′) elements, is calculated from the Bethe-Salpeter equation. This 
W is then used as an ingredient for the cumulant approach to the photo-emission spectra of 
Lithium Fluoride. Only including the excitonic effects can the experimental spectra[5] be 
explained, whereas the random phase approximation is not sufficient to describe all the 
observed features. To our knowledge this is the first ab-initio calculation of excitonic effects 
in photoemission spectra.
[1] M. Guzzo et al Phys. Rev. Lett., 107:166401
[2] F. Aryasetiawan et al Phys. Rev. Lett., 77:2268
[3] J. J. Kas et al Phys. Rev. B, 90:085112
[4] M. Gatti and F. Sottile Phys. Rev. B, 88:155113
[5] D. A. Shirley Phys. Rev. B, 5:4709

S2 016

On the Electronic and Optical Properties of Fluorographene, 
Chlorographene, and Graphane

* Frantisek Karlicky1, Michal Otyepka1

1) Regional Centre of Advanced Technologies and Materials, Department of Physical Chemistry, 
Faculty of Science, Palacky University, 17. listopadu 12, 771 46 Olomouc, Czech Republic 

New two-dimensional materials derived from graphene by attachment of hydrogen and 
halogens have attracted considerable interest over the past few years because of their 
potential applications (e.g., in electronic devices).[1] Here, we consider presence of point 
defects and the effect of electron-electron and electron-hole correlation on the electronic/
optical properties of materials under study. Especially, large difference between the 
experimental optical gap and the electronic band gap from many-body GW theory for 
fluorographene[2,3] was explained by unusual large binding energies of excitons, whereas 
point defects lowered band gaps and absorption energies only slightly.[4] Similar effects are 
predicted for double-layer fluorographene, graphite fluoride,[5] and chlorographene, which 
stability is, however, still questionable.[6]
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[1] Karlicky F., Datta KKR., Otyepka M., Zboril R., ACS Nano 7 (2013) 6434
[2] Nair RR., Novoselov KS., Geim AK., et al. Small 6 (2010) 2877
[3] Zboril R., Karlicky F., Bourlinos AB., et al., Small 6 (2010) 2885
[4] Karlicky F., Otyepka M., J. Chem. Theory Comput. 9 (2013) 4155
[5] Karlicky F., Otyepka M., Ann. Phys. 526 (2014) 408
[6] Karlicky F., Zboril R., Otyepka M., J. Chem. Phys. 137 (2012) 034709

S2 017

Clustered Linear Augmented Waves

* Dimitar Pashov1, Mark van Schilfgaarde1

1) KCL 

The choice of the type of basis set has a large impact on the implementation and efficiency 
of electron structructure programs, with various tadeoffs. In the poster we present the making 
of a linearised, short ranged, atom centered basis for solving the one-particle Schroedinger 
equation accurately in a wide energy window with minimal number of functions.

Building on the FP-LMTO method, we use the non-singular smooth Hankel functions, 
allowing an elegant formulation combining the detailed all-electron core description with the 
simplicity of pseudopotentials. These are combined linearly to form functions whose value 
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and kinetic energy vanish before reaching neighbouring atoms. Each function is also 
augmented by the numerical solution inside its head sphere by matching values and second 
derivatives. Imposing this condition ensures that each function represents nearly completely 
the wavefunction and its kinetic energy at its site with minimal contribution from other sites. 
Another advantage resulting from the strong localisation is that computing the matrix 
elements can be done more efficiently. Since the basis is in this way tuned to the specific 
local environment of each atom, only a small number of functions are needed for good 
description of the system.

S2 018

Starting-point dependence in the Bethe-Salpeter equation: 
example of rutile TiO2

* Olga Turkina1, Ute Werner1, Dmitrii Nabok1, Claudia Draxl1

1) Physics Department and IRIS Adlershof, Humboldt-Universität zu Berlin, Zum Großen Windkanal 
6, D-12489 Berlin, Germany 

Many-body perturbation theory, combining the GW approach and the Bethe-Salpeter 
equation (BSE), is a powerful tool for the description of one- and two-particle excitations. 
However, employing density-functional theory as a starting point for these methods may 
lead to results that depend on the choice of the exchange-correlation (xc) functional. This 
starting-point dependence is well known for the G0W0 approximation. Such dependence is 
expected to occur also for BSE calculations, however, has not yet been investigated. With 
the example of rutile TiO2, we show that this is, indeed, the case. We employ three different 
xc functionals: the generalized gradient approximation (PBE) and two hybrid functionals, 
combining a fraction of 25% exact exchange either from Hartree-Fock (PBE0) or the 
optimized effective potential (PBE0) with PBE. The electronic structure is calculated using 
the G0W0 approximation. The BSE is solved to obtain the optical absorption spectra. These 
are analyzed with regard to the influence of eigenvalues, wave functions, and screening as 
originating from different functionals. We find screening and Kohn-Sham eigenvalues to 
have the most impact on the spectra affecting peak intensities by a factor of up to 1.8 and 
peak positions by several tenth of eV.

S2 019

Many-body approach to electronic and optical properties of 
Ga2O3

* Juergen Furthmueller1, Friedhelm Bechstedt1

1) IFTO, FSU Jena, Max-Wien-Platz 1, D-07743 Jena 

We present first-principles calculations of the electronic structure and optical properties of 
the stable monoclinic β-Ga2O3 phase and the metastable rhombohedral α-Ga2O3 (corundum-
type) structure. We compare the properties of the two polymorphs in order to explore the 
influence of the atomic structure. Quasi-particle band structures on G0W0 level and excitonic 
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spectra on BSE level are presented. It is demonstrated that these two polymorphs of Ga2O3 
differ mainly in their optical anisotropies. Isotropically averaged optical properties and in 
particular densities of states look quite similar. This can also be shown for more complicated 
polymorphs on DFT level (where a treatment on GW and BSE level is imposible).

S2 020

BSE/GW optical spectra of molecules using local basis sets

* Mathias P. Ljungberg1,2, Peter Koval2, Francesco Ferrari2,3, Dietrich Foerster4, Daniel 
Sanchez-Portal2,5

1) Deparment of Physics, Phillips-University Marburg, Renthof 5, 35032 Marburg, Germany 
2) Donostia International Physics Center, Paseo Manuel de Lardizabal, 4. E-20018 Donostia-San 

Sebastian, Spain 
3) Dipartimento di Scienza dei Materiali, Università degli Studi di Milano-Bicocca, I-20125, Milano, 

Italy. 
4) LOMA, Universite de Bordeaux 1, 351 Cours de la Liberation, 33405 Talence, France 
5) Centro de Fisica de Materiales CFM-MPC, Centro Mixto CSIC-UPV/EHU, Paseo Manuel de 

Lardizabal 5, E-20018 San Sebastian, Spain 

The Bethe-Salpeter equation (BSE) is the state of the art for computing optical spectra for 
solids and molecular clusters. Here we present a formulation of BSE for finite systems that 
scales asymptotically like the third power of the number of atoms, achieved by exploiting the 
locality of the problem in the local basis set representation and by using the Haydock 
recursion method. Using a pseudohermitian Lanczos algorithm we can go beyond the 
Tamm-Dancoff approximation. As a starting point for the BSE we compute quasiparticle 
energies with our low-scaling GW implementation [1], retaining the frequency dependence 
of all quantities and thus avoiding the plasmon-pole model or similar schemes. The initial 
wave functions are taken from a preceding SIESTA [2] calculation. We discuss the influence 
of self-consistency on the quasiparticle energies [3] and its effect on the BSE spectra. We 
also investigate the satellite peaks that are present in the GW density of states. Computed 
GW/BSE spectra are shown for some organic molecules of medium size that are relevant for 
photovoltaic applications.
[1] J. Chem. Phys. 135, 074105 (2011). 
[2] J. Phys.: Condens. Matter 14, 2745 (2002).
[3] Phys. Rev. B 89, 155417 (2014).
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S2 021

What is the real accuracy of Bethe-Salpeter Equation excitation 
energies for organic molecules?

* Fabien Bruneval1, Samia Hamed2, Jeffrey Neaton2

1) CEA, SRMP, France 
2) UC Berkeley, CA, USA 

The predictive power of the Bethe-Salpeter equation (BSE) approach, rigorously based on 
many-body Green\\\’s function theory but incorporating information from density functional 
theory, has already been demonstrated for the optical gaps and spectra of solid-state 
systems. Interest in photoactive hybrid organic/inorganic systems has recently increased, 
and so has the use of the BSE for computing neutral excitations of organic molecules.

However, no systematic benchmarks of the BSE for neutral electronic excitations of 
organic molecules exist. Here, we study the performance of the BSE for the 28 small 
molecules in Thiel\\\’s widely-used time-dependent density functional theory benchmark set 
[M. Schreiber eal. J. Chem. Phys. 128, 134110 (2008)]. We observe that the BSE produces 
results that depend critically on the mean-field starting point employed in the perturbative 
approach.

We find that this starting point dependence is mainly introduced through the quasiparticle 
energies obtained at the intermediate GW step, and that with a judicious choice of starting 
mean-field, singlet excitation energies obtained from BSE are in excellent quantitative 
agreement with higher-level wavefunction methods. The quality of the triplet excitations is 
slightly less satisfactory.
[1] F. Bruneval, J. Chem. Phys. 132, 194107 (2012).
[1] F. Bruneval, S.M. Hamed, J.B. Neaton, submitted (2015).

S2 022

GW quasiparticle energies and BSE optical spectrum of 
perovskites: SrTiO3 and NaOsO3

* Zeynep Ergonenc1, Bongjae Kim1, Peitao Liu1, Georg Kresse1, Cesare Franchini1

1) University of Vienna, Faculty of Physics and Center for Computational Materials Science, 
Vienna, Austria 

The ab initio calculation of quasiparticle (QP) energies and optical spectra beyond density 
functional theory is a technically and computationally challenging problem. In condensed 
matter physics the most widely used approach to determine QP energies is the GW 
approximation. The GW method has been widely applied to many elemental and binary 
semiconductors, but its application to more complex compound such as perovskites is less 
abundant [1]. In this work we apply the GW technique to the prototypical transition metal 
oxide SrTiO3 and the 5d relativistic magnetic perovskite NaOsO3.

We show that much care must be taken to obtain converge QP band structure in terms of 
number of unoccupied orbitals and k-points sampling. Accurate extrapolation procedures to 
the infinite-basis-set limit and infinite-k-point limit are necessary. Even more complicated is 
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the calculation of accurate optical properties, in particular excitonic (electron-hole) features. 
Here we adopt a model Bethe-Salpeter like equation by replacing the non-local dielectric 
response function in the screened Coulomb potential with a local model dielectric function 
[2].
[1] Y. Nohara, S. Yamamoto, and T. Fujiwara, PRB 70, 195110 (2009).
[2] F. Bechstedt, R. Del Sole, G. Cappellini, Lucia Reining, Sol. State Comm. 84, 765 (1992).

S2 023

Implementation of the quasiparticle self-consistent GW in the 
exciting code

* Nora Salas-Illanes1,2, Dimitrii Nabok1, Claudia Draxl1

1) Humboldt University 
2) IMPRS Functional Interfaces in Physics and Chemistry 

The GW approach, being in principle a self-consistent method, is mostly implemented to its 
first iteration (G0W0). Thus results may vary with the initial choice of the underlying exchange-
correlation potential (Vxc) of DFT. One of the most successful schemes suggested to exclude 
such starting-point dependence, is the quasiparticle self-consistent GW (QSGW) [1]. QSGW 
has proved to accurately predict excited-state properties for a large number of weakly and 
moderately correlated materials. We have implemented the QSGW scheme in the all-
electron code exciting [2].

Linearized augmented planewaves (LAPW), as employed in exciting, are known as the 
most precise numerical basis set for solving the Kohn-Sham equations. To calculate non-
local operators, we use a mixed basis set to account for the same partitioning of the unit cell 
as in the groundstate.

By means of our implementation, we study the electronic structure of a representative set 
of materials, inluding silicon, lithium fluoride, diamond and silver. We evaluate the effect of 
the off-diagonal elements of the self-energy and explore the role of local orbitals on the 
quasiparticle energies and wavefunctions.



Ψk-2015

314 Abstracts of  Poster Session 1 •  Monday, September 7,  2015

S2 024

GW and BSE at an Interface: The Role of Anisotropic Screening in 
Interfacial Level Alignment

* Duncan John Mowbray1, Annapaola Migani2, Jin Zhao3, Hrvoje Petek4, Angel Rubio5

1) University of the Basque Country UPV/EHU 
2) Institut Català de Nanociència i Nanotecnologia ICN2 and Consejo Superior de Investigaciones 

Científicas CSIC 
3) Hefei National Laboratory for Physical Sciences at the Microscale and University of Science and 

Technology of China 
4) University of Pittsburgh 
5) University of the Basque Country UPV/EHU and Max Planck Institute for the Structure and 

Dynamics of Matter 

Electronic level alignment at the interface between an adsorbed molecular layer and a 
semiconducting substrate determines the activity and efficiency of many photocatalytic and 
photovoltaic materials. Accurately describing this interfacial level alignment requires a proper 
description of the anisotropic screening at the interface. This necessitates the use of many-
body quasiparticle (QP) GW techniques for the level alignment, and solving the Bethe-
Salpeter equation (BSE) to obtain accurate absorption spectra. We compare the calculated 
and measured interfacial level alignment for prototypical photocatalytic (water and methanol) 
and photovoltaic (catechol) layers on rutile TiO2(110). Specifically, we compare the interfacial 
level alignment from GGA DFT, hybrid DFT and G0W0, scQPGW1, scQPGW0, and scQPGW 
quasiparticle calculations with two-photon photemission (2PP), ultraviolet photoemession 
spectroscopy (UPS) and inverse photoemission spectroscopy (IPES). These demonstrate 
that a QP GW treatment is required to reproduce the measured interfacial level alignment. 
Furthermore, we find the quasiparticle energy shifts Δ are linearly dependent on the fraction 
of the wave function density within the molecular layer fmol and the bulk substrate fbulk. For the 
unoccupied states, the same correlation holds for all the molecular layers studied. This 
allows one to describe the quasiparticle energy shifts semi-quantitatively for larger molecular 
layers on TiO2(110) based on more tractable DFT calculations.
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S2 025

Electron-Phonon Losses in Plasmonic Materials

*Benjamin Kaube1, Andrew Horsfield1, Mark Van Schilfgaarde2

1) Imperial College London 
2) King’s College London 

Plasmonic devices, which confine and manipulate light below the diffraction limit, are 
currently hampered by prohibitively high optical losses occurring within the material. Above 
the optical gap, where interband transitions dominate, the noble metal dielectric functions 
are well described by the RPA (random phase approximation). The low energy tail of the 
dielectric function is caused by intraband transitions, which are not adequately captured by 
the RPA. In stark contrast to experiment, QSGW (Quasiparticle Self-consistent GW) 
calculations of bulk silver predict no optical losses in the technologically important 0.5-1.5 eV 
energy range.

We report that electron-phonon interactions make a significant contribution to the 
intraband optical losses within this energy window. Until now, intraband losses have typically 
been treated phenomenologically by inclusion of empirical scattering times. By relating the 
scattering times to electron self-energy, we calculate the scattering times from first principles. 
We have performed calculations of the silver electron-phonon self-energy within the SCBA 
(self-consistent Born approximation) in silver, using Wannier-Fourier interpolation[1]. These 
self-energies can then be included in the dielectric function, in lieu of the empirical scattering 
times, to introduce electron-phonon effects in the macroscopic dielectric function.
References:
[1] J. Noffsinger et al., Computer Physics Communications, 2010, 12, 3523.

S2 026

GW+Bethe-Salpeter calculations of optical properties of defective 
nanographenes

* Yoshifumi Noguchi1, Osamu Sugino1

1) Institute for Solid State Physics, The University of Tokyo 

In 2013, Kawasumi et al. successfully synthesized a grossly warped nanographene (C80H30) 
with one pentagonal defect located at the center and five heptagonal defects located around 
the center. They also reported that the defects not only affect the curved molecular structure 
but also produce the unique optical properties that differ from those of defectless counterpart 
nanographene (C78H30) [1]. Since then, such a dependence on defects has generated 
much scientific interest and raised the possibility of future industrial applications.

To investigate the impact of defects on the optical properties systematically, we applied a 
first-principles GW+Bethe-Salpeter method to small sized defective nanographenes and to 
their defectless counterparts, and simulated the HOMO-LUMO gaps, optical gaps, and 
photoabsorption spectra. We discuss the effect of various types of the defects, such as 
pentagonal, heptagonal, and octagonal defects, and the effect of interactions between 
defects [2].
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[1] K. Kawasumi, Q. Zhang, Y. Segawa, L. T. Scott, and K. Itami, Nat. Chem., 5, 739 (2013).
[2] Y. Noguchi and O. Sugino, J. Chem. Phys., 142, 064313 (2015).

S2 027

Tuning the optical spectrum of carbon nanotubes by the 
environment

* Michael Rohlfing1, Yuchen Ma2

1) Institut for Solid-State Theory, University of Muenster, Muenster, Germany 
2) School of Chemistry and Chemical Engineering, Shandong University, Jinan, People’s Republic 

of China 

The optical spectra of nanostructured systems can be manipulated (e.g., red-shifted) when 
the environment is changed, e.g. by physisorbed material, even without chemical modification.

The spectrum of a carbon nanotube (CNT) can be red-shifted by several 10 meV by 
environmental polarizability, e.g. from another CNT at touching distance (see the figure for 
peak shifts in the visible spectrum of several (N,0) CNTs [1]), or by the admixture of charge-
transfer configurations [1,2]. Similar effects are observed in layered materials, like graphene/
graphite of boron nitride.

Spectra can also be modified by atomic adsorbates, like oxygen or hydrogen atoms on 
the surface of a CNT [3].

We discuss all these effects in terms of the Bethe-Salpeter equation (BSE) for electron-
hole pair states on the basis of a preceding GW calculation.

[1] M. Rohlfing, Phys. Rev. Lett. 108, 087402 (2012).
[2] H. Yin, Y. Ma, J. Mu, C. Liu, and M. Rohlfing, Phys. Rev. Lett. 112, 228301 (2014).
[3] J. Mu, Y. Ma, H. Yin, C. Liu, and M. Rohlfing, Phys. Rev. Lett. 111, 137401 (2013).
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S2 028

Accurate G0W0 quasiparticle energies from FLAPW calculations

* Dmytro Nabok1, Andris Gulans1, Claudia Draxl1

1) Humboldt-Universität zu Berlin 

The GW approach of many-body perturbation theory has become a common tool for calculating 
the electronic properties of bulk materials. However, with the increasing number of published 
results, significant deviations between the values obtained by different methods and codes 
become more and more apparent. For a test set of small- and wide-gap semiconductors, we 
demonstrate how to reach the numerically best electronic structure within the framework of the 
full-potential linearized augmented planewave (LAPW) method. We first evaluate the role of 
local orbitals (LO\’s) in the performance of the DFT groundstate, to eliminate the linearization 
error, also in comparison with earlier work [1]. We construct different types of LO\’s to devise 
an efficient scheme which allows us to reach an accurate description of unoccupied states. 
The role of the basis set quality is then further analyzed when calculating the G0W0 quasiparticle 
energies. Our results, computed with the exciting code, are compared to those obtained using 
the PAW formalism [2], finding, overall, very good agreement between both methods. We 
provide additional data as a benchmark for other G0W0 implementations.
[1] C. Friedrich et al., Phys. Rev. B 74, 045104 (2006).
[2] J. Klimes et al., Phys. Rev. B 90, 075125 (2014).

S2 029

Probing DFT-1/2 as a starting point for G0W0 calculations

* Ronaldo Rodrigues Pela1,2, Claudia Draxl1

1) Humboldt-Universitaet zu Berlin, Institut fuer Physik, Berlin, Germany. 
2) Instituto Tecnologico de Aeronautica, Sao Jose dos Campos, SP, Brazil. 

The GW method is quite accurate in describing band-structures of many materials. Thereby, 
the single-shot G0W0 approximation suffers from the starting-point problem, i.e., the dependence 
on the underlying DFT calculation. Often, the local density approximation (LDA) is not adequate, 
and one should start e.g. with hybrid functionals. To avoid such computationally involved 
calculations, we propose an alternative starting-point for the single-shot G0W0: the LDA-1/2 
method [1]. It approximately includes the self-energy of quasi-particles within a generalized 
Kohn-Sham scheme, without increasing the computational cost over LDA, and leads to 
improved band-gaps (over the LDA ones) of a wide variety of semiconductors. In this work, we 
apply our approach to several materials, like C, Si, GaP, AlP, GaN, AlN, GaAs, ZnS, ZnSe, 
TiO2, and ZnO. Our results reveal that the LDA-1/2 method indeed proves to be a good starting 
point for G0W0, generating a quasi-particle band-structure in good agreement with experiments.
References:
[1]: L. G. Ferreira, M. Marques, L. K. Teles. Physical Review B 78, 125116 (2008).
Acknowledgments:
The authors are thankful to “Coordenação de Aperfeiçoamento de Pessoal de Nível Superior” 
(CAPES) and “Alexander von Humboldt Stiftung” for financial support.
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S2 030

Optical excitations in MoS2 within ab-initio many-body 
perturbation theory

* Matthias Drüppel1, Peter Krüger1, Michael Rohlfing1

1) Institut für Festkörpertheorie, Westfälische Wilhelms-Universität Münster, Germany 

The transition metal dichalcogenides (TMDC), and MoS2 as its most prominent member, 
open the door to a field of two dimensional atomically thin semiconductors which offer rich 
physics.

The state of the art theoretical description of electronic excitations in these materials 
starts with density-functional calculations (DFT), followed by the GW method in combination 
with a solution of the Bethe-Salpeter equation. The converged calculation (especially with 
respect to the size of the basis, i.e. number of plane waves, and k-meshs) of the last two 
steps has shown to be numerically extremely challenging.

We apply the efficient LDA+GdW [1] approach to the excited states which enables us to 
describe electronic excitations in MoS2 at substantially lower numerical cost. In the LDA+GdW 
approximation the quasiparticle self-energy corrections to the LDA-DFT energies result from 
the difference between the correct screening (semiconducting) and hypothetical metallic 
screening.

This approach sets us in a position where more atoms per unit cells can be treated, e.g., 
for defects and for MoS2 on substrates.

[1] M. Rohlfing, Phys. Rev. B. 82, 205127 (2010)

S2 031

Multiscale modeling of excitation dynamics in molecular materials 
with GW-BSE/MM

* Bjoern Baumeier1

1) Max Planck Institute for Polymer Research, Ackermannweg 10, 55128 Mainz, Germany 

Fundamental processes involving electronic excitations govern the functionality of molecular 
materials in which the dynamics of excitons and charges is determined by an interplay of 
molecular electronic structure and morphological order. To understand, e.g., charge 
separation and recombination at donor-acceptor heterojunctions in organic solar cells, 
knowledge about the microscopic details influencing these dynamics in the bulk and across 
the interface is required.

For prototypical heterojunctions of small-molecule donor materials with C60, we employ a 
hybrid QM/MM approach[1] linking density-functional and many-body Green\’s functions 
theory[2] (DFT/GW-BSE) to polarizable force-fields[3] and analyze the charged and neutral 
electronic excitations therein. We develop models for both static and dynamic properties of 
the excitations, including (a) the diffusion of Frenkel excitons and (b) the relative energies of 
Frenkel and charge-transfer excitations at the donor-acceptor interface and the resulting 
charge separation dynamics. Our simulations allow linking the molecular architecture of the 
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donor material, its orientation on the fullerene substrate as well as mesoscale order[4] to the 
solar cell performance. 

[1] JCTC 7, 3335 (2011)
[2] JCTC 8, 2790 (2012)
[3] JCTC 10, 3140 (2014)
[4] Nat. Mater. 14, 434 (2015)

S2 032

Siegert state expansions in the case of the 1D Square Well 
Potential

* Maxime Morinière1, Luigi Genovese1, Alessandro Cerioni1, Thierry Deutsch1

1) CEA Grenoble 

Resonant (or Siegert) states emerge as physically relevant metastable states of an open 
quantum system. So far, the intrinsic limitations related to the investigation of resonances in 
quantum Hamiltonians have restricted their usage, even though it is the correct way of 
treating the linear response properties of such systems. We illustrate this fact on the 1D 
problem of a compact support potential, and particularly the square well. Siegert states 
naturally show up as poles of the scattering matrix and we report analytic results regarding 
the completeness of a basis set made out of these states. It compares to the exact results 
found using the basis set made out of the continuum states when one of the test function is 
inside the region where the potential is non-zero. This is nothing but the so-called Mittag-
Leffler expansion. We show the utility of Siegert states in view of an exact and unbiased 
expression of the linear response properties of an open quantum system. We argue this is 
of uttermost importance for Many-Body Perturbation Theory, and particularly for TDDFT.

S2 033

Transfering spin into an extended pi-orbital of a large molecule

* Thorsten Deilmann1, Taner Esat2, Benedikt Lechtenberg3, Peter Krüger1, Christian 
Wagner2, Ruslan Temirov2, Frithjof B. Anders3, F. Stefan Tautz2, Michael Rohlfing1

1) University of Münster 
2) Forschungszentrum Jülich 
3) TU Dortmund 

The combination of an organic molecule with an unpaired spin offers a large variety of 
interplay between spins and orbitals, with high sensitivity to structural and environmental 
details.

Recently, a single Au atom on a PTCDA monolayer physisorbed on Au(111) has been 
investigated experimentally; it exhibits a Kondo peak in the STS spectrum.

In this contribution we discuss ab-initio mean-field electronic spectra (which will then 
serve as input data for a subsequent NRG calculation to describe the Kondo effect). Based 
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on ab-initio structural data (in agreement with observed STM images) we evaluate the 
electronic spectra by many-body perturbation theory within the GW approximation, as well 
as, a simplified LDA+GdW approach [1].

For gas-phase PTCDA and Au-PTCDA, both methods agree well with one another and 
with available measurements. For Au-PTCDA on Au(111), a full GW calculation is too 
expensive due to the substrate. LDA+GdW, on the other hand, fully allows to incorporate the 
substrate polarizability in the self energy inside the molecule and leads to good agreement 
with the experimental data [2].
[1] M. Rohlfing, PRB 82, 205127 (2010).
[2] T. Esat et al., PRB 91, 144415 (2015).

S2 034

Predictive GW calculations using plane waves and 
pseudopotentials

* Jiri Klimes1, Merzuk Kaltak2, Georg Kresse2

1) J. Heyrovsky Institute of Physical Chemistry, Prague, Czech Republic 
2) University of Vienna, Vienna, Austria 

The GW approximation is the standard approach to obtain quasi-particle (QP) energies in 
solid state physics.

Despite its wide use, the agreement between values obtained by different implementations 
is often unsatisfactory, even for the simplest case of G0W0@LDA. This is often attributed to 
the use of pseudopotentials or to the limited size of local basis sets in all-electron codes.

Moreover, little attention is usually paid to obtain results that are converged with respect to 
the size of the basis sets for orbitals and for the response function. Here we derive an 
analytic formula for the contribution of unoccupied states with high kinetic energies to the QP 
corrections. This clearly shows the necessity to converge with the number and basis set size 
for unoccupied states and with the response function basis set size.

It also points to a problem in the current projector-augmented-wave (PAW) GW calculations 
that originates from the incompleteness of the on-site basis set of partial waves. We show 
that this issue can be avoided by using norm-conserving PAW partial-waves in the GW 
calculations.

Our results are then in a very good agreement with values obtained using all-electron 
FLAPW+LO method, even for the problematic case of ZnO.
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S4 035

Mott Transition and Glassiness in the Face Centered Cubic Lattice

* Rajarshi Tiwari1, Pinaki Majumdar2

1) School of Physics and CRANN, Trinity College Dublin, Ireland 
2) Harish Chandra Research Institute, Chatnag Road, Jhunsi, Allahabad, India 

Close to Mott transition, the coupling of electrons to the self-generated local moments on the 
frustrated structure leads to (i) pronounced anomalies in transport and spectra, and (ii) 
dramatic change in the magnetic correlations themselves. Such effects have been intensely 
explored in the quasi 2D triangular lattice organics, and are being probed in 3D frustrated 
systems. Unlike in 2D, there is no organised body of work probing the interplay of geometric 
frustration and Mott physics in 3D.

Here we provide the first comprehensive solution for the Mott transition in the Hubbard 
model on an FCC lattice, typical of 3D frustrated geometry. Using a real-space approach, 
earlier used for anisotropic triangular lattice†, which captures the crucial thermal fluctuations 
of the interaction induced `local moments\’, we establish the full finite temperature phase 
diagram, and discover a novel spin glass\’ state, in addition to the usual correlation driven 
metal and insulator phases. The spin glass state is metallic at weaker interaction but shows 
crossover to pseudogap behaviour, and then a Mott insulator, with growing interaction. The 
results provide a possible explanation for longstanding anomalies observed in FCC and 
pyrochlore based materials.

†Rajarshi Tiwari, Pinaki Majumdar, Euro Phys. Lett. 108 27007 (2014)
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S4 036

Kondo physics in a Ni impurity embedded in O-doped Au chains

* Solange Di Napoli1, María Andrea Barral1, Pablo Roura-Bas1, Luis Manuel2, Ana 
María Llois1, Armando Aligia3

1) Departamento de Física de la Materia Condensada, GIyA-CAC-CNEA, Avenida General Paz 
1499, (1650) San Martín and Consejo Nacional de Investigaciones Científicas y Técnicas, 
CONICET, Argentina. 

2) Instituto de Física de Rosario, IFIR, Rosario, Argentina 
3) Centro Atómico Bariloche and Instituto Balseiro, Comisión Nacional de Energía Atómica, 8400 

Bariloche, Argentina 

By means of ab initio calculations we study the effect of oxygen-doping of Au chains 
containing a Ni atom as a magnetic impurity. In contrast to pure Au chains, we find that with 
a minimun O-doping the 5dxz,yz states of Au are pushed up, crossing the Fermi level. We 
also find that for certain oxygen configurations, the Ni atom has two holes in the degenerate 
3dxz,yz orbitals, forming a spin S=1 due to a large Hund interaction. The coupling between 
the 5dxz,yz Au bands and the 3dxz,yz of Ni states leads to a possible realization of a two-
channel S=1 Kondo effect. While this kind of Kondo effect is commonly found in bulk systems, 
it is rarely observed in low dimensions. The estimated Kondo scale of the system lies within 
the present achievable experimental resolution in transport measurements.

Another possible scenario for certain atomic configurations is that one of the holes 
resides in a 3dz2 orbital, leading to a two-stage Kondo model, the second one with SU(4) 
symmetry.

S4 037

Magnetic properties and phase stability of correlated alloys

* Alexander Poteryaev1

1) Institute of Metal Physics, 620137, Ekaterinburg, Russia 

For the physical description of the transition metal alloys both strong interactions and disorder 
have to be accounted for, and hence it is highly desirable to have a method that can treat, 
on equal footing, disorder and partially filled strongly interacting d states of transition metals. 
Combination of two techniques, the coherent potential approximation for disorder and the 
dynamical mean-field theory for correlated electrons which share an effective medium 
interpretation of the system of interest, allows one to investigate different physical properties 
of real alloys. Temperature, disorder strength and concentration dependence of the electronic 
specific heat in the binary alloys with Coulomb correlations has been studied with CPA+DMFT 
method. At low temperatures the specific heat has a small peak which is associated with a 
local magnetic moment formation. The weakly correlated binary alloy can be driven to a 
strongly correlated regime by changing the concentration or disorder strength. Comparison 
of the theoretical results with experimental data will be shown in a number of transition metal 
alloys.
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S4 038

Origin of superconductivity and role of correlations in extremely 
hole-doped iron-based superconductors under pressure

* Daniel Guterding1, Steffen Backes1, Harald O. Jeschke1, Roser Valenti1

1) Institut für Theoretische Physik, Goethe-Universität Frankfurt am Main, Germany 

Using ab-initio density functional theory combined with dynamical mean-field theory 
(LDA+DMFT) we investigate the electronic structure and the strength of electronic correlations 
as a function of applied pressure in the extremely hole-doped iron-based superconductor 
KFe2As2. We compare our results at ambient pressure to angle-resolved photo-emission 
spectroscopy (ARPES) experiments and find excellent agreement[1,2]. For the recently 
discovered high-pressure phase of KFe2As2[3] we show that electronic correlations are 
significantly reduced compared to ambient pressure[4]. Experimentally it has been found 
that the high-pressure phase has higher superconducting transition temperatures than the 
ambient pressure structure. We explain this finding using a random-phase approximation 
(RPA) spin-fluctuation approach[4]. Our results show that strong electronic correlations do 
not necessarily favor high superconducting transition temperatures. We discuss our findings 
in the framework of the currently debated weak- and strong-coupling pictures of 
superconductivity in the iron-based materials[5,6].

[1] S. Backes, D. Guterding, H. O. Jeschke, R. Valenti, New J. Phys. 16, 083025 (2014)
[2] T. Yoshida et al., Front. Phys. 2, 17 (2014)
[3] J.-J. Ying et al., arXiv:1501.00330
[4] D. Guterding, S. Backes, H. O. Jeschke, R. Valenti, Phys. Rev. B 91, 140503(R) (2015)
[5] K. Suzuki et al., Phys. Rev. Lett. 113, 027002 (2014)
[6] J. Hu, H. Ding, Sci. Rep. 2, 381 (2012)
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S4 039

Impact of core electrons on the band structures calculated with 
the transcorrelated method

* Masayuki Ochi1,2, Yoshiyuki Yamamoto3, Ryotaro Arita1,2, Shinji Tsuneyuki3,4

1) RIKEN Center for Emergent Matter Science 
2) JST ERATO Isobe Degenerate pi-Integration Project 
3) Department of Physics, The University of Tokyo 
4) ISSP, The University of Tokyo 

In highly accurate first-principles calculations such as Quantum Monte Carlo and GW methods, 
pseudopotential approximation sometimes introduces a sizable error in calculated electronic 
structures. This is because their pseudopotential is generated in some one-body approximation, 
and so core-valence interaction is not necessarily described in a sufficient accuracy. We clarify 
how the core electrons affect the band structure calculated with the transcorrelated (TC) 
method for some simple sp-electron systems. To this end, we develop an algorithm for the 
iterative diagonalization in solving a one-body SCF equation in the TC method using a plane-
wave basis set. We will present efficiency of our algorithm and calculated band structures with 
and without some of core electrons. We find deep valence bands are affected by an explicit 
treatment of core electrons even in sp-electron systems while band structures in the upper 
energy region are not altered much. This study presents a simple recipe to construct the many-
body wave function with the core electrons and encourages application of the TC method to 
strongly correlated materials with d electrons that will require an explicit treatment of s and p 
electrons with the same principal quantum number.

S4 040

Benchmarking Density Functional Theory with Density Matrix 
Renormalization Group with Lessons For Higher Dimensions

* Thomas E. Baker1, E. Miles Stoudenmire2, Lucas O. Wagner3, Steven R. White1, 
Kieron Burke4

1) Department of Physics and Astronomy, University of California, Irvine, California 92697 USA 
2) Perimeter Institute for Theoretical Physics, Waterloo, Ontario, N2L 2Y5 Canada 
3) Department of Theoretical Chemistry and Amsterdam Center for Multiscale Modeling,FEW, Vrije 

Universiteit, De Boelelaan 1083, 1081HV Amsterdam, The Net 
4) Department of Chemistry, University of California, Irvine, California 92697 USA 

Kohn-Sham Density Functional Theory (DFT) is a mathematically exact method that requires 
approximations. This may exclude features seen in experiment or provide inadequate 
estimates. We may use Density Matrix Renormalization Group (DMRG) in one dimension to 
find exact DFT quantities [1] as a benchmark to test new functionals and to explore 
computational proof of principles [2,3].
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[1] E.M. Stoudenmire, et. al., Phys. Rev. Lett. 109, 056402 (2012)
[2] Lucas O. Wagner, et. al., Phys. Rev. Lett. 111, 093003 (2013)
[3] Lucas O. Wagner, et. al., Phys. Rev. B 90, 045109 (2014)

S4 041

Magnetically-driven metal-to-insulator transition in NaOsO3: 
Slater vs. Lifshitz

* Bongjae Kim1, Zeynep Ergönenc1, Peitao Liu1, Alessandro Toschi2, Sergii 
Khmelevskyi1,3, Cesare Franchini1

1) Computational Materials Physics, University of Vienna 
2) Institute of Solid State Physics, Vienna University of Technology 
3) Department of Theoretical Physics, Budapest University of Technology and Economics 

NaOsO3 has been regarded as the first three-dimensional example of a Slater insulator 
where the metal-to-insulator transition (MIT) is driven by the magnetic order. This is 
fundamentally different from Mott-Hubbard (MH) type MITs, in which the onset of the 
insulating state is driven by electron correlation. Some evidence on the Slater character of 
the MIT in NaOsO3 was provided by the experimentally observed continuous character of 
the transition and by the observation that the magnetic and insulating regime occur at the 
same temperature (TMIT =TN). From the theory side, however, no direct and unambiguous 
indication has been provided so far. In this work we have analyzed the origin of the MIT in 
NaOsO3, based on ab initio electronic structure methods. A direct comparison to other 
typical MH oxides allows us to analyze and interpret the distinct role of magnetism, electronic 
correlation and spin-orbit (relativistic) effects in the MIT process. We propose that the MIT 
in NaOsO3 is a magnetically-driven and temperature dependent Lifshitz-like transition, i. e., 
vanishing of the Fermi pockets upon formation of an ordered magnetic pattern. The 
temperature dependence of the gap and of the magnetic moment is described within the 
itinerant-(antiferro)magnetism theory
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S4 042 

QSGW+DMFT: an electronic structure scheme for the iron 
pnictides and beyond

* Jan M. Tomczak1

1) Institute of Solid State Physics, Vienna University of Technology, Vienna, Austria 

While in strongly correlated materials one often focuses on local electronic correlations, the 
influence of non-local exchange and correlation e ffects beyond band-theory can be pertinent 
in systems with more extended orbitals. Indeed in many compounds an adequate theoretical 
description requires the joint treatment of local and non-local self-energies. Here, I will argue 
that this is the case for the iron pnictide and chalcogenide superconductors. As an approach 
to tackle their electronic structure, I will detail the implementation of the recently proposed 
scheme that combines the quasi-particle self-consistent GW approach with dynamical 
mean-field theory: QSGW+DMFT[1]. I will showcase the possibilities of QSGW+DMFT with 
an application on BaFe2As2.

[1] JMT, J. Phys.: Conf. Ser. 592 012055 (2015), arXiv:1411.5180

S4 043 

Correlation effects and competing orders in organic molecular 
crystals 

* Gianluca Giovannetti1

1) CNR-IOM-Democritos National Simulation Centre and International School for Advanced Studies 
(SISSA) 

In recent years, organic molecular crystals have emerged as a fascinating class of materials 
with immense potential for applications.

These systems present complex phases and phenomena which still require a microscopic 
understanding, ranging from anomalous positive and negative thermal expansion to high-
temperature ferroelectricity with large polarization and even superconductivity. Moreover, 
their light, flexible and nontoxic character makes them ideal candidates for future applications.

Cs3-C60 is an antiferromagnet at ambient pressure and superconductivity is recovered 
under pressure and reaches high critical temperature [1]. Picene has been recently 
characterized as a superconductor with high critical temperature upon potassium doping [2]. 
The impact of potassium doping on the electronic structure of Pentacene causes a metal-
insulator transition [3]. Molecular crystals of TTF-CA and TMTTF_2-X present an instability 
towards ferroelectricity and probably to multiferroicity [4].

By combining Density Functional Theory and Dynamical Mean Field Theory calculations 
we investigated these different families of organic molecular crystals and we discuss how in 
their phase diagrams electron-electron interactions play a fundamental role.

[1] A. Y. Ganin et Al., Nature Mater. 7, 367 (2008).
[2] R. Mitsuhashi et Al., Nature 464, 76 (2010).
[3] M. F. Craciun et Al., Phys. Rev. B, 79, 125116 (2009).
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[4] S. Okamoto et Al., Phys. Rev. B 43, 8224 (1991); F. Kagawa et Al. Nature Physics 6, 169 (2010); 
P. Monceau et Al, Phys. Rev. Lett. 86, 4080 (2001).

S4 044

NEGF for studying strongly interacting systems in quantum 
transport

* Daniel Karlsson1, Markku Hyrkäs1, Anna-Maija Uimonen1, Robert van Leeuwen1, 
Claudio Verdozzi2

1) Department of Physics, Nanoscience Center, University of Jyväskylä, Jyväskylä, Finland 
2) Department of Physics, Mathematical Physics, Lund University, Lund, Sweden 

Non-Equilibrium Green Functions (NEGF) is a powerful method for studying quantum 
transport. Here, we will present two cases illustrating its usefulness.

The first case regards quantum transport through disordered chains. It is known that in 
equilibrium, disorder is detrimental to the conductivity, and similarly for strong interactions. 
However, the competition between these two effects is known to sometimes enhance the 
conductivity. The case of non-equilibrium is much less studied. We have studied disordered 
and interacting short chains out of equilibrium[1]. Using the fully self-consistent second-Born 
approximation, we show that correlation effects in disordered chains can enhance the current 
through the chain.

The second case regards quantum transport through a small number of quantum dots in 
the Kondo regime, where strong many-body effects open up fully transparent conductance 
channels. For a single dot, the equilibrium spectral function has a characteristic three-peak 
structure: Two Coulomb blockade peaks and the Kondo peak. Such a spectral function is 
difficult to obtain using standard self-consistent schemes in NEGF. We here present some 
strategies[2], for example partial self-consistency, for obtaining qualitiative features in the 
Kondo regime out of equilibrium.
[1] D. Karlsson and C. Verdozzi, PRB 90, 201109(R) (2014)
[2] D. Karlsson, M. Hyrkäs, A.-M. Uimonen and R. van Leeuwen, work in progress.

S4 045 

Electronic structure of the red-emitting phosphors Eu:Y(V,P)O4

* Pascal Delange1

1) Ecole Polytechnique 

Europium doped YVO4 and YPO4 form highly efficient phosphors which emit in the red at 
615nm, and are used for instance in color displays. The red luminescence is due to transitions 
within the atomic-like multiplets formed by the 4f orbitals of Europium, when an Eu3+ ion 
goes from an (excited) multiplet level 5D0 to a (excited or ground) state 7FJ, where J is the 
total angular momentum on the atom (spin + orbital). 

We study the electronic structure of EuVO4 and EuPO4 in the combined Density 
Functional and Dynamical Mean-Field Theory (DFT+DMFT) framework. We use a Hubbard 
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I solver in the DMFT cycle, taking advantage of the fact that the Eu 4f orbitals are very 
weakly hybridizing with the other orbitals. In order to make the procedure fully ab-initio, we 
compute the local Coulomb repulsion using the constrained random phase approximation 
(cRPA). 

S4 046

Electron correlation at the interface: A charge self-consistent 
DFT+DMFT approach

* Sumanta Bhandary1

1) Institut für Festkörperphysik, TU Wien, Wiedner Hauptstr. 8-10/138, 1040 Vienna Austria 

We have employed a method to describe the interplay between structural distortion and 
induced charge as well as orbital degrees of freedom in a self-consistent way by combining 
density functional theory (DFT) and dynamical mean field theory (DMFT)[1]. The scheme 
involves the solution of the full system in a local density approximation (Wien2K) followed by 
a wannier projection on correlated sub-bands (Wannier90). The impurity problem is treated 
with DMFT by employing the continuous time quantum Monte Carlo (CT-QMC) method in 
the hybridization expansion (w2dynamics).

The correlation induced correction to the charge density is incorporated in the total 
charge, which is obtained over a self-consistent loop of DFT and DMFT. We present results 
for d+p calculations of bulk SrVO3 and thin layers of SrVO3 on SrTiO3, which might serve 
as a Mott transistor [2].
[1] F. Lechermann et al. PRB 74, 125120; L. V. Pourovskii et al. PRB 76, 235101.
[2] Z. Zhong et al. arXiv:1312.5989 (Phys. Rev. Lett. in print).

S4 047

A QSGW+DMFT method to study strongly correlated materials

* Paolo Pisanti1

1) King’s College London 

In the past few years the quest for an accurate and inclusive theory in the field of electronic 
structure has led to the conjecture of combining of the most reliable methods available at the 
moment: GW approximation and Dynamical Mean Field Theory. 

The reasons why we believe this combined approach to be promising are both practical 
(GW is state-of-the-art for electronic calculations) and fundamental (both methods rely on a 
similar formalism). 

Two pivotal passages are in the method. First, the derivation of the hybridization function, 
defining the coupling between the bath and the Anderson impurity of DMFT. Second, the 
update of the hybridization function with the local impurity self-energy resulting from the 
impurity solver, so to close the self-consistent loop of the model.

In my work I went through this procedure by working in parallel with two independent 
codes, quasi-particle self-consistent GW (QSGW) and DMFT packages. The estimation of 
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the hybridization function as a novel result at QSGW level, and the completion of the self-
consisent loop employing the DMFT results are the critical steps of my study towards the 
ambitious goal of an efficient and reliable description of correlated materials.

S4 048

The Hubbard Dimer: A density functional case study of a many-
body problem

*Justin Smith1, Diego Carrascal2, Jaime Ferrer2, Kieron Burke1

1) Department of Physics & Astronomy, University of California, Irvine 
2) Department of Physics, Universidad de Oviedo 

In this work we explain the relationship between density functional theory and strongly 
correlated models using the simplest possible example, the two-site asymmetric Hubbard 
model. We discuss the connection between the lattice and real-space and how this is a 
simple model for stretched H2. We can solve this elementary example analytically, and with 
that we can illuminate the underlying logic and aims of DFT. While the many-body solution 
is analytic, the density functional is given only implicitly. We overcome this difficulty by 
creating a highly accurate parameterization of the exact function. We use this parameterization 
to perform benchmark calculations of correlation kinetic energy, the adiabatic connection, 
etc. We also test Hartree-Fock and the Bethe Ansatz Local Density Approximation. We also 
discuss and illustrate the derivative discontinuity in the exchange-correlation energy and the 
infamous gap problem in DFT.

S4 049

Practical approaches for diagrammatic many-body calculations 
beyond the leading order

* Yaroslav Pavlyukh1

1) Martin-Luther University Halle-Wittenberg 

It is more than computational complexity that prevents applications of many-body perturbation 
theory (MBPT) beyond the leading order. Resulting asymptotic series lead to Green’s 
functions with incorrect physical properties: non-positive densities, higher-order poles 
already for the second order [1,2]. Despite non-convergence, the asymptotic expansion is 
useful when truncated to a finite number of terms. This is the reason for popularity of first-
order methods such as ٱٱ approximation in condensed matter, molecular and atomic 
physics. I will present a diagrammatic approach to generate perturbative series with 
manifestly positive spectral function (illustrated by the calculation for homogeneous electron 
gas) and a resummation method based on the Padé approximation (illustrated by a self-
consistent 6th order calculation involving 3111 diagrams).



Ψk-2015

330 Abstracts of  Poster Session 1 •  Monday, September 7,  2015

[1] G. Stefanucci, Y. Pavlyukh, A.-M. Uimonen, and R. van Leeuwen, Phys. Rev. B 90, 115134 (2014)
[2] A.-M. Uimonen, G. Stefanucci, Y. Pavlyukh, and R. van Leeuwen, Phys. Rev. B 91, 115104 (2015)

S4 050

Charge-ordering in the extended Hubbard model on a triangular 
lattice

* Sophie Chauvin1,2, Thomas Ayral1,3, Lucia Reining2, Silke Biermann1

1) Centre de Physique Théorique, Ecole polytechnique, CNRS-UMR7644, 91128 Palaiseau, 
France 

2) Laboratoire des Solides Irradiés, Ecole polytechnique, CNRS, CEA-DSM, 91128 Palaiseau, 
France 

3) Institut de Physique Théorique, CEA, CNRS, URA 2306, 91191 Gif-sur-Yvette, France 

The extended Hubbard model on a 2-dimensional triangular lattice displays intriguing 
magnetic and electronic properties. In particular, for some specific doping levels, charge-
ordering can coexist with an itinerant electronic behaviour [1].

In this study various charge-ordering patterns are explored, for the extended Hubbard 
model on a triangular lattice. We scan over various doping regimes and various local external 
potentials V(r).

Based on the (extended) dynamical mean-field theory [2], we address the physical 
properties of the ordered phase. In particular, we aim at providing a description of the non-
local processes responsible for charge-ordering.
[1] Tocchio et al., Phys. Rev. Lett. 113, 246405
[2] For a pedagogical introduction, see Ayral et al., Phys. Rev. B 87, 125149



Ψk-2015

 Abstracts of  Poster Session 1 •  Monday, September 7,  2015 331

S4 051 

Spectral properties of iron pnictide KFe2As2: a view from 
dynamical mean-field theory

* Priyanka Seth1, Ambroise van Roekeghem2, Silke Biermann1

1) Centre de Physique Theorique, Ecole Polytechnique, CNRS UMR 7644, 91128 Palaiseau, 
France 

2) Centre de Physique Theorique, Ecole Polytechnique, CNRS UMR 7644, 91128 Palaiseau, 
France and Beijing National Laboratory for Condensed Matter Physics, and Institute of Physics, 
Chinese Academy of Sciences, Beijing 100190, China 

The iron pnictides have attracted much attention since the discovery of high-temperature 
superconductivity in these systems in 2008. A particularly interesting example is KFe2As2 
which can be considered as a strongly over-hole-doped form of the prototypical iron-based 
compound BaFe2As2. As such, it is prone to Coulomb correlations, and in particular to 
Hund\’s coupling inducing incoherent bad metal behaviour at relatively low temperatures. 
This raises questions of the role of strong spin fluctuations in KFe2As2 and motivates the 
treatment of fully rotationally-invariant interactions. Our study includes such interactions, 
made feasible only recently by algorithmic advances, within the density-functional - 
dynamical-mean-field (DFT+DMFT) framework. We obtain good agreement with recent 
angle-resolved photemission spectroscopy (ARPES) experiments.

S4 052

First-principles investigation of electronic and magnetic 
properties of Fe ladder compound BaFe2S3

*Michi-To Suzuki1, Ryotaro Arita1, Hiroaki Ikeda2

1) RIKEN, Center for Emergent Matter Science 
2) Ritsumeikan University 

Iron-based superconductors are intensively studied after the discovery of superconductivity 
in fluorine doped LaFeAsO. In addition to the relatively high superconducting transition 
temperature, analogies of magnetic and structural property with the high-Tc cuprate 
superconductors further stimulate the study of mechanism for the superconductivity. The 
stripe type magnetism of Fe-ladder compounds BaFe2S3 has a marked similarity to 
conventional iron-based superconductors. We study magnetic, structural, and electronic 
properties of BaFe2S3 by calculating several antiferromagnetic structures based on the first-
principles calculations. The calculations show that a spin-ladder type magnetic structure is 
the most stable in the possible spin alignment within an Fe-ladder and is further stabilized 
with the periodicity characterized by the wave vector Q=(π,π,0), leading to the experimentally 
observed magnetism. The magnetic exchange interaction between the Fe-ladders creates a 
tiny energy gap, whose size is also in excellent agreement with the experiments. We further 
performed the calculations under applied pressure and found that the DOS peak structure 
from Fe-d orbitals bring a high DOS at the Fermi level in the metallic phase under pressure. 
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We discuss the detailed orbital contribution that brings the peculiar electronic and magnetic 
structures.

S4 053

Pilot Applications of the SCE Functional for the Description of 
Strong Electronic Correlation in Adiabatic TDDFT

* André Mirtschink1, Umberto De Giovannini1, Angel Rubio1, Paola Gori-Giorgi2

1) Nano-Bio Spectroscopy group and ETSF Scientific Development Centre, Universidad del Pais 
Vasco, CFM CSIC-UPV/EHU-MPC and DIPC, Av. Tolosa 72, E-20018 Donostia, Spain 

2) Department of Theoretical Chemistry, FEW, Vrije Universiteit, De Boelelaan 1083, 1081HV 
Amsterdam, The Netherlands 

The strictly-correlated electrons (SCE) concept allows for an alternative construcion of 
approximate energy density functionals in Kohn-Sham density functional theory. Contrary to 
the non-interacting KS reference system, in the SCE reference system infinitely strongly 
interacting electrons are bound to give the density of the physical system. When implemented 
in the self-consistent solution of the spin-restricted KS equations – thus notably without spin-
symmetry breaking – the SCE functional is able to capture strong-correlation physics in KS-
DFT.

Pilot applications of the SCE functional will be presented for the description of strong 
correlation in a 1D model for stretched H 2. In an adiabatic TDDFT framework the spin-
restricted SCE functional correctly describes the electron hopping transition HH → H+H−, 
which is notoriously difficult to obtain from functional approximations that can not bind the 
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Hydrogen anion and do not exhibit a derivative discontinuity. Implications for the modeling of 
electron dynamics in long-range charge transfer and charge transport will be drawn.

S4 054

Fermi surface of Sr2RuO4: Role of anisotropic Coulomb 
interaction and Coulomb-enhanced spin-orbit coupling 

*Guoren Zhang1, Evgeny Gerelov1, Esmaeel Sarvestani1, Eva Pavarini1,2

1) Institute for Advanced Simulation, Forschungszentrum Jülich 
2) JARA High-Performance Computing 

By using the local-density approximation + dynamical mean field theory method, we show 
that the Coulomb anisotropy and the correlation-enhanced spin-orbit coupling play a crucial 
role in determining the Fermi surface of Sr2RuO4. We also find a strong spin-orbital 
entanglement. This suggests that the conventional description of Cooper pairs via factorized 
spin and orbital two-particle functions might not apply to Sr2RuO4.

S4 055

Double counting problem in DFT+DMFT method: A study in the 
exact limit

* Andrei Plamada1, Peter Staar3, Anton Kozhevnikov1, Thomas Schulthess1,2

1) Institute for Theoretical Physics, ETH Zurich 
2) CSCS, ETH Zurich 
3) Cognitive Computing & Computational Sciences, IBM Research - Zurich 

The combination of density functional theory (DFT) with dynamical mean field (DMFT) has 
become a popular method for first principles studies of strongly correlated electron materials. 
Yet, one of the most severe drawbacks of the method is the double counting of correlations 
that have been included in both, DFT and DMFT, and that so far could be removed only by 
introducing an empirical parameter. Assuming the exact Kohn-Sham system for DFT, we 
devise a method to derive the double counting potential from first principles. We validate the 
method on metals (SrVO3), charge transfer (NiO) and Mott (FeO) insulators, and find that in 
all cases the predicted correction to provide results in good agreement with the experimental 
investigations.
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S4 056

Correlation effects in TiSe$_2$ from many-body perturbation 
theory

* Maria Hellgren1, Raffaello Bianco2, Matteo Calandra2, Francesco Mauri2, Ludger 
Wirtz1

1) Physics and Materials Science Research Unit, University of Luxembourg, 162a avenue de la Fa\ 
2) IMPMC, Sorbonne Universit\’es, UMR CNRS 7590, Mus\’eum National d’Histoire Naturelle, IRD 

UMR 206, 4 Place Jussieu, F-75005 Paris, France 

Titanium diselenide (TiSe$_2$) is a layered material exhibiting several interesting properties. 
At low temperature it undergoes a charge density wave (CDW) instability and upon Cu-
intercalation or the application of pressure the material becomes superconducting. The role 
of electronic correlation in these phase-transitions is still not well understood and under 
intense debate. Density functional theory can predict the pressure phase diagram but the 
electronic structure is qualitatively wrong in the normal high temperature phase. In this work 
we therefore reexamine the electronic properties of TiSe$_2$ using the systematic many-
body perturbation theory (MBPT). We show that already within the GW approximation the 
band structure is in agreement with angle-resolved photo emission spectra (ARPES) and we 
discuss the role of self-consistency. We also study how correlation effects influence the 
structural instability and CDW transition.

S4 057

A fully first-principles approach to the Kondo effect in organic 
molecules

* María Soriano1, David Jacob2, Juan José Palacios1

1) Condensed matter physics department. Autonomous University of Madrid. 
2) Theory Department. Max Planck Institute of Microstructure Physics. Halle. Germany. 

There has been a great effort in recent years to understand the emerging Kondo-like 
resonances in different magnetic molecules such as MnPc. 

Theoretical approaches based on atomic models have proven to be very useful for the 
study of this phenomenon when the magnetic moment is essentially localized on a magnetic 
atom [1,2]. Nevertheless the Kondo effect can arise in pure carbon-based systems as has 
been demonstrated experimentally in fullerenes and carbon nanotubes [3]. In this 
communication we present a fully first principles approach to the molecular Kondo problem 
based in a combination of atomistic calculation and a multiorbital Anderson model where the 
orbitals are not atomic but molecular orbitals. That allows us to address this problem in 
systems with delocalized spin states, such as fullerenes, and in general in all kind of organic 
molecules such as radicals, where the atomic and conventional models fail. This model is 
fully obtained from Density Functional Theory calculation in combination with Green\’s 
functions methodologies [4,5]. 
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[1] Phys. Rev. Lett. 109, 147202 (2012)
[2] Phys. Rev. B 88, 134417 (2013)
[3] Nature 434, 484. (2005)
[4] ANT.G03. www.alacant.dfa.ua.es
[5] Phys. Rev. B. 82, 195115 (2010).

S4 058

Multi-orbital kinetic effects on charge ordering of frustrated 
electrons on the triangular lattice

* Clément Février1,2, Simone Fratini1,2, Arnaud Ralko1,2

1) CNRS, Inst. NÉEL, F-38042 Grenoble, France 
2) Univ. Grenoble Alpes, Inst. NÉEL, F-38042 Grenoble, France  

The multi-orbital effects on the emergence of electronic orders on the half-filled frustrated 
triangular lattice is investigated through a spinless extended Hubbard model (EHM), expected 
to describe layered triangular compounds, such as AgNiO2 or transition metal dichalcogenides 
where a variety of charge ordered phases are observed. 

Using exact diagonalizations and unrestricted Hartree-Fock calculations, we unravel a 
rich phase diagram controlled by the Coulomb interactions strength and by the eg orbitals 
hopping integrals. 

We find in particular, an original pinball liquid, a metallic charge ordered state where 
localized and itinerant electrons coexist, first devised in the context of quarter-filled organic 
conductors[1]. By changing the anisotropic hopping integrals ratio, an inverse pinball liquid, 
where the role of charge-rich and charge-poor sites are interchanged, and an insulating 
large unit cell √12×√12 droplet phase, with a periodicity close to the charge order presents 
in 1T-TaS2, can be stabilized[2]. 

The latter are generic for the half-filled triangular lattice and are also found in the isotropic 
limit, corresponding to the single-band spinful EHM.
[1] L. Cano-Cortés, A. Ralko, CF, et al., Phys. Rev. B, 84, 155115 (2011).
[2] CF, et al., arXiv:1503.05714.
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S4 059

Ab-initio investigation of extraordinarily strong magnetism in 
technetium oxides

* Markus Aichhorn1, Jernej Mravlje2, Alen Horvat2, Leonid Pourovskii3, Antoine 
Georges4

1) TU Graz 
2) IJS Ljubljana 
3) Ecole Polytechnique, France 
4) College de France 

Strong magnetism is normally restricted to materials comprised of 3d transition metal ions, 
such as iron, nickel, or copper. Recently, unexpectedly high Neel temperature has been 
found in SrTcO3, a half-filled technetium perovskite. We will discuss the importance of Hunds 
rule coupling in connection with a half-filled shell in order to explain this strong magnetism.

We study also the layered counterpart Sr2TcO4, which crystallises at high temperatures 
in the same crystal structure as La2CuO4. We discuss magnetism also in this compound, 
and its similarities with the cuprates. To what extent doping of this material will lead to high 
Tc is an open question.

S4 060

On the usefulness of quantum chemistry for the understanding of 
the functionality of organic solar cells.

* Kerstin Andersson1

1) Karlstad University, INTERACT 

The active layer of an organic solar cell typically consists of a mixture of electron donor 
molecules (polymers), electron acceptor molecules (fullerene derivatives) and solvent 
molecules. By an applied electric field a direction is enforced which drives the photo-excited 
electrons and their corresponding holes to different electrodes and thereby generates a 
photocurrent. The holes are transported along the donor polymer chain and the electrons by 
hopping between acceptor fullerene molecules. The central process in the working of a solar 
cell is the formation of a charge-transfer (CT) complex at the interface between donor and 
acceptor material. A proper understanding of the mechanisms around the CT complex, which 
involve non-equilibrium conditions, excited states, recombination, etc., may be achieved 
using quantum chemistry. In the poster the results of some initial studies, using the MOLCAS 
software package, are presented. These include the lowest electronic states, ionization 
potentials, and electron affinities for some simple model systems of donor and acceptor 
molecules, and CT states between pairs of donor and acceptor molecules. The gole is to find 
patterns and rules that may be useful in the design of organic solar cells.
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S4 061

Numerical convergence of advanced electronic correlation 
methods for accurate cohesive properties in materials science

* Xiang-Yue Liu1, Norina A. Richter1, Igor Ying Zhang1, Matthias Scheffler1

1) Fritz Haber Institute of the Max Planck Society 

For a quantitative prediction of material properties, an advanced description of electronic 
correlation is crucial. However, for solids, it remains a challenge to obtain numerically accurate 
results for correlated methods. To address this issue, we assess as a first step canonical 
second-order Møller-Plesset perturbation theory (MP2), which scales as O(K3N5) (where K is 
the number of k points and N denotes the number of basis functions at a given k point).

MP2 for periodic systems has been implemented in FHI-aims, taking advantage of its all-
electron full-potential approach[1], its home-made correlation-consistent numeric atom-
centered orbital basis sets[2], and efficient techniques dealing with four-center integrals[3]. 
Advanced parallelization strategies guarantee efficient MP2 calculations with thousands of 
cores, so that rigorous numerical convergence tests are feasible, which have been carried 
out for cohesive energy, lattice constant, and bulk modulus of selected materials. As a part 
of our test set project for materials science and engineering (MSE), the well-converged MP2 
results are available online, setting the standard for periodic MP2 implementations in pseudo-
potential codes.
[1] V. Blum, et al., CPC 180 (2009).
[2] I.Y. Zhang, et al., NJP 15 (2013).
[3] X. Ren, et al., NJP 14 (2012).

S4 062

Electron correlation in functional metalorganics

* Sumanta Bhandary1, Tim Wehling2, Olle Eriksson1, Biplab Sanyal1

1) Department of Physics and Astronomy, Box-516, 75120 Uppsala, Uppsala University, Sweden 
2) Institute for Theoretical Physics, University of Bremen, Otto-Hahn-Allee 1, 28359 Bremen, 

Germany and Bremen Center for Computational Materials Science, University of Bremen, Am 
Falturm 1, 28359, Bremen, Germany 

A proper theoretical description of electronic structure of the 3d orbitals in the metal centers 
of functional metalorganics is a challenging problem. We apply density functional theory and 
an exact diagonalization method in a many body approach to study the ground state 
electronic configuration of an iron porphyrin (FeP) molecule. Our study reveals that dynamical 
correlation effects are important, and FeP is a potential candidate for realizing a spin 
crossover due to a subtle balance of crystal field effects, on-site Coulomb repulsion and 
hybridization between the Fe d-orbitals and ligand N p-states. The mechanism of switching 
between two close lying electronic configurations of Fe-d orbitals is shown. We discuss the 
generality of the suggested approach and the possibility to properly describe the electronic 
structure and related low energy physics of the whole class of correlated metalorganic 
molecules.
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S4 063

A novel GW+DMFT implementation with dynamical double-
counting self-energy

* Lorenzo Sponza1, Paolo Pisanti1, Dimitar Pashov1, Mark van Schilfgaarde1

1) Kings College London, Strand, London UK 

In correlated systems, many electronic properties are determined by the strong correlation 
between localised electrons (typically d or f electrons). GW calculations can not account 
correctly for the underlying physics, because they lack most of the relevant diagrams (e.g. 
spin-spin interactions).

In the GW+DMFT approach, the system is divided into a lattice model and a correlated 
subsystem. The former is characterised within GW, and acts as a mean field on the latter. 
This is described with high-accuracy Monte Carlo methods capable to sum all diagrams 
(Dynamical Mean Field Theory: DMFT). As a consequence, some local contributions are 
counted twice and must be cancelled by means of a double-counting term (DC).

In principle, an exact expression for the DC is possible via diagrammatic expansion. 
However, in current GW+DMFT implementations, a static approximation for DC is assumed, 
preventing such expansion. Hence, the local excitations (poles) of the GW-like diagrams of 
DMFT are not cancelled.

In our work, we present a novel implementation of a quasi-particle self-consistent 
GW+DMFT code, in which a dynamical DC is constructed from local GW-like diagrams. We 
present the general scheme of the algorithm and some preliminary results.

S4 064

Competition between quasi-molecular orbitals and spin-orbit 
coupling in Na3Ir3O8

* Alexander Yaresko1, Marc Höppner1

1) MPI FKF, Stuttgart, Germany 

Na4Ir3O8 attracted much attention due to its fascinating magnetic properties. It is a weak Mott 
insulator in which magnetic Ir4+ ions form a frustrated non-centrosymmetric hyper-kagome 
lattice. Because of geometrical frustrations Ir spins do not order down to lowest temperature 
but instead remain in a 3D spin-liquid state. Recently, single crystals of another hyper-
kagome Ir compound Na3Ir3O8 have been synthesized, In contrast to Na4Ir3O8, Na3Ir3O8 is a 
semi-metal with a low carrier density and weak paramagnetism of valence electrons. If spin-
orbit interaction (SOI) is neglected, LDA calculations for Na3Ir3O8 give an insulating solution 
despite of noninteger Ir4.33+ valence. In this presentation we show that the gap appears 
because of formation of quasi-molecular orbitals on Ir triangles. When SOI is turned on the 
molecular orbitals become partially delocalized, the band gap closes, and Na3Ir3O8 becomes 
a compensated metal. The semi-metallic band structure together with the lack of inversion 
symmetry lead to unusual optical properties which anomalously strong electron-phonon 
coupling.
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S4 065

Coupling of excitations: correlation beyond the quasiparticle 
picture

*Matteo Gatti1,2,3, Matteo Guzzo4,2, Lucia Reining1,2

1) Laboratoire des Solides Irradiés, Ecole Polytechnique, CNRS-CEA/DSM, F-91128 Palaiseau, 
France 

2) European Theoretical Spectroscopy Facility (ETSF) 
3) Synchrotron SOLEIL, L’Orme des Merisiers, Saint-Aubin, F-91192 Gif-sur-Yvette, France 
4) Physics Department, Humboldt-Universität zu Berlin, Zum Großen Windkanal 6, D-12489 Berlin, 

Germany 

Satellites in photoemission spectra are a genuine signature of dynamical correlation requiring 
to go beyond a quasiparticle picture. Here we show that they can be understood in terms of 
the coupling between different elementary excitations, as in the case of plasmon sidebands. 
Using examples from different correlated materials, we discuss how this coupling can be 
explained by advanced calculations based on first-principles many-body perturbation theory 
that combine GW-like approximations for the self-energy with the cumulant expansion of the 
Green\’s function [1-4]. This approach gives a complementary interpretation of low-energy 
satellites, adding a level of explanation to dynamical mean field theory, in which the solution 
of the impurity model does not allow the same kind of analysis.
[1] M. Guzzo et al., Phys. Rev. Lett. 107, 166401 (2011).
[2] M. Gatti and M. Guzzo, Phys Rev B 87, 155147 (2013).
[3] M. Gatti et al, Phys. Rev. Lett. 114, 116402 (2015).
[4] M. Gatti et al., in preparation.

S4 066

Andreev band structure of superconducting heterostructures

* Gabor Csire1, Balazs Ujfalussy1, Jozsef Cserti2

1) WIGNER Research Centre for Physics 
2) Eotvos Lorand University 

To investigate the material-specific properties of superconductor - normal metal 
heterostructures, we generalize the screened Korringa-Kohn-Rostoker (SKKR) method for 
solving the corresponding Kohn-Sham-Bogoliubov-de Gennes (KSBdG) equations. As an 
application of the newly developed theory we study the quasiparticle spectrum of Au 
overlayers on a Nb(100) host. For the first time we calculate the band structure of Andreev 
states. In the superconducting gap region, the quasiparticle spectrum consists of Andreev 
bound states with a dispersion which is closely connected to the underlying electronic 
structure of the overlayer. We find that the spectrum has a strongly k-dependent induced 
gap. It is also shown that certain states do not participate in the Andreev scattering process.
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S4 067

Configuration Interaction with antisymmetrized geminal powers

* Wataru Uemura1, Shusuke Kasamatsu1, Osamu Sugino1

1) The Institute for Solid State Physics, The University of Tokyo 

In this poster, we introduce our recent results for the tensor decomposition description of 
many electron systems, that can efficiently obtain the ground state energy of many electron 
systems with high accuracy. We have reported the symmetric tensor decomposition version 
that accurately reproduce the potential curves of H2, He2 and LiH[W. Uemura and O. Sugino, 
Phys. Rev. Lett. 109, 253001 (2012)]. We further extended this scheme and found a formalism 
based on the linear combination of antisymmetrized geminal powers. We applied this 
formalism to the Hubbard model and the H2O molecule and obtained highly accurate ground 
state energy. The energy error of our fomalism seems to be come only from the fact that we 
are using double precision system, and the error is less than 1 μHatree for H2O. The algorithm 
works on the computational scaling of the fifth power of the number of electrons and can be 
regarded as a promising candidate for high precision electronic structure calculation of 
further larger systems.

S4 068

DFT+NRG studies on the spatially extended Kondo effect in MnPc/
Pb(111)

* Emi Minamitani1, Yingshuang Fu2, Qikun Xue3, Yousoo Kim4, Satoshi Watanabe1

1) Department of Materials Engineering, the University of Tokyo, Japan 
2) School of Physics, Huazhong University of Science and Technology, Wuhan 430074, China 
3) Department of Physics, Tsinghua University, China 
4) Surface and Interface Science Laboratory, RIKEN, Japan 

The Kondo effect, one of the many-body phenomena actively studied in condensed matter 
physics, emerge in diverse systems from the dilute-magnetic alloys to quantum dots, 
magnetic atoms and molecules connected to the electronic reservoirs. In particular in the 
molecular Kondo systems, the Kondo effect also correlates with the molecular properties 
such as the ligand field, the hybridization of the d-orbitals of the metal center with the 
ligand (π-d interaction). The realistic modeling including these effects is required to 
elucidate the Kondo effect in a molecule for the better understanding of the molecular 
magnetism.

In this study, we focus on the Kondo effect in Mn-phthalocyanine on Pb(111). Our low-
temperature scanning tunneling spectroscopy measurement shows that the Kondo 
resonance extends over the pyrrole ring in the Pc ligand, rather than localized at Mn. By 
combining density functional theory (DFT) and numerical renormalization group (NRG) 
calculation, we succeeded in revealing that a unique collective S=1 spin state induced by the 
coupling of the ligand π orbital and Mn d-orbitals occurs in MnPc on Pb(111), which causes 
the spatially extended underscreened Kondo resonance.
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S4 069

Hybrid-DFT+Vw scheme from the theoretical unification of hybrid-
DFT and DFT+U methods 

* Viktor Ivády1,2, Rickard Armiento1, Krisztián Szász2, Erik Janzén1, Adam Gali2,3, Igor 
A. Abrikosov1,4

1) Department of Physics, Chemistry and Biology, Linköping University, SE-581 83 Linköping, 
Sweden 

2) Wigner Research Centre for Physics, Hungarian Academy of Sciences, PO Box 49, H-1525, 
Budapest, Hungary 

3) Department of Atomic Physics, Budapest University of Technology and Economics, Budafoki út 
8., H-1111 Budapest, Hungary 

4) Materials Modeling and Development Laboratory, National University of Science and Technology 
‘MISIS’, 119049 Moscow, Russia 

Accurate description of strongly correlated particles is generally difficult in (semi)local density 
functional theory (DFT). The sometimes quantitatively incorrectly predicted band structure 
has traditionally been remedied by the DFT+U scheme. Another way of improving the 
description over local and semilocal approximations in DFT is the use of hybrid functionls, 
which mix the exact exchange energy of the KS particles with the (semi)local approximation 
of exchange energy of DFT. According to our recent findings there are systems, such as 
correlated point defects appear in conventional semiconductors, where neither hybrid 
functionals nor DFT+U method can provide accurate description. In our study we formulate 
the on-site occupation dependent exchange correlation energy and effective potential of 
hybrid functionals for localized states and connect them to the on-site correction term of the 
DFT+U method. The derivation provides a theoretical justification for adding a DFT+U-like 
onsite potential in hybrid DFT calculations to resolve issues caused by overscreening of 
localized states. The resulting scheme, hybrid-DFT+Vw, is tested for chromium impurity in 
wurtzite AlN and vanadium impurity in 4H-SiC, which are paradigm examples of systems 
with different degree of localization between host and impurity orbitals.

S4 070

DFT+DMFT study of strain and interface effects in d^1 and d^2 t_
{2g}-perovskites

* Gabriele Sclauzero1, Krzysztof Dymkowski1, Claude Ederer1

1) Materials Theory, ETH Zurich 

Metal-insulator transitions in thin films of early-transition metal correlated oxides are linked 
to both epitaxial strain and electronic reconstruction at the film/substrate interface. We 
separately address these two key factors for LaTiO3 and LaVO3 through density functional 
theory plus dynamical mean-field theory (DFT+DMFT). We find that mere epitaxial strain 
suffices to induce an insulator-to-metal transition in LaTiO3 [1], but not in LaVO3 (see A(ω) in 
figure), in agreement with recent experiments [2]. 

We show that this difference can be explained by the combined effect of strain-induced 
changes in the crystal field splitting of t2g-orbitals and different orbital filling in these two materials.
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The role of the interface is investigated through DFT+DMFT simulations of LaVO3/SrTiO3 
heterostructures with varying superlattice periodicities and substrate terminations.

Our aim is to assess whether the metallicity observed at the LaVO3/SrTiO3 interface could 
be driven by pure electronic reconstruction effects, rather than structural or stoichiometric 
reasons (such as, e.g., O-related defects).

[1] Dymkowski and Ederer, Phys. Rev. B 89, 161109 (2014).
[2] He et al., Phys. Rev. B 86, 081401 (2012).

S4 071

How the Electronic Structure of Metal Phthalocyanines is affected 
by the choice of the Hubbard U term

* Iulia Brumboiu1, Soumyajyoti Haldar1, Johann Lüder1, Olle Eriksson1, Heike C. 
Herper1, Barbara Brena1, Biplab Sanyal1

1) Uppsala University 

Density functional theory (DFT) in the generalized gradient approximation (GGA) cannot 
properly describe highly correlated and localized d-electrons. To overcome this limitation, 
the GGA+U method, where U is the Hubbard U term [1,2,3], is commonly employed. The U 
term, accounting for the intra-atomic Coulomb interactions, is selectively added to to the d 
orbitals of the transition metal.

In this study we have considered a series of 3d transition metal Phthalocyanines (Pcs), 
like Mn, Fe, Co, Ni and CuPc. Pcs are organic macrocycles with a metal atom in the centre, 
appealing for applications in photovoltaics and spintronics. 
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In DFT studies of such molecules, effective U values of 3 eV are usually chosen for the 
3d electrons, but the choice of U is often based on previous literature reports.

We have therefore performed a systematic characterization in the Dudarev implementation 
[2] of how different U values affect the structure, density of states and magnetic properties 
of such molecules. We have compared GGA+U calculations for various values of U with 
results from hybrid functionals (B3LYP, HSE06) and valence band photoelectron spectra. 
We discuss which U values can be appropriate for each molecule and highlight the importance 
of estimating the value of U for each system.
[1] Liechtenstein, A. I.; Anisimov, V. I.; Zaanen, J. Phys. Rev. B 1995, 52, R5467.
[2] Dudarev, S. L.; Botton, G. A.; Savrasov, S. Y.; Humphreys, C. J.; Sutton, A. P. Phys. Rev. B 1998, 

57, 1505.



Ψk-2015

344 Abstracts of  Poster Session 1 •  Monday, September 7,  2015

Symp. 7: Novel Density Functionals
Organized by Robert Di Stasio, John Dobson, Wanda 

Andreoni
Poster Area K

S7 072

An accurate description of excited state energies in organic 
semiconductors using the random phase approximation

* Christopher Sutton1, Yang Yang2, Weitao Yang2

1) Fritz Haber Institute 
2) Duke University 

π-conjugated molecules are the primary materials used in nature for visual (e.g., retinal) and 
light-harvesting pigments (e.g., carotenoids). For carotenoids, which are polyene-like 
derivatives, the S0 → S1 transition is forbidden because the (dark) excited state is of the 
same Ag symmetry as the ground state, while the first optically active excitation to the 
1Bu state corresponds to the S0 → S2 transition. The S0 → S1 transition represents a 
double-excitation state that is difficult to describe computationally with standard time-
dependent density functional theory (TD-DFT) because only single excitations are included. 
In addition, inherent deficiencies in approximate DFT functionals can materialize as 
systematic errors in computed properties, such as the underestimation excited state 
energies. We applied our recently developed density functional based on the particle-particle 
channel of the random-phase approximation (ppRPA), to compute the lowest energy excited 
states for two prototypical organic π-conjugated polymers. The ppRPA-computed excitation 
energies are in good agreement with experiment and capture the correct state ordering, 
demonstrating that the double-excitation state is well described, which is beyond the 
capabilities of standard DFT methods. 

S7 073

Tunable van der Waals interactions at a graphene-metal surface 
interface

* Vasile Caciuc1, Nicolae Atodiresei1, Stefan Blügel1

1) Peter Grünberg Institut and Institute for Advanced Simulation, Forschungszentrum Jülich and 
JARA, D-52425 Jülich, Germany 

The design of high-performance graphene-based electronic devices requires a fundamental 
understanding on how the strength of the graphene-metal electrode interaction can be 
specifically tailored. One possibility to increase or decrease the magnitude of the graphene-
substrate interaction is to intercalate adatoms with different chemical reactivity as shown for 
O- and Eu-intercalated graphene on Ir(111) [1,2]. A direct consequence of this intercalation 
process is a p or n doping of graphene which in turn can modulate its interaction with a 
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molecular system. Accordingly, in this contribution we will explore from first principles how 
the interaction between graphene on Ir(111) and a π-conjugated molecule such as 
naphthalene is tuned due to doping via the non-magnetic electronegative O and the magnetic 
electropositive Eu adatoms. 

As demonstrated in [3], for such π-π systems it is mandatory to include the van der Waals 
interactions and therefore in our ab initio study these dispersion interactions are considered 
using a non-local vdW functional [4].
[1] W.Jolie et al., Phys. Rev. B 89, 155435 (2014).
[2] S.Schumacher et al., Nano Lett. 13, 5013 (2013). 
[3] N.Atodiresei et al., Phys. Rev. Lett. 102, 136809 (2009). 
[4] M.Dion et al., Phys. Rev. Lett. 92, 246401 (2004).

S7 074

Relative energy of charge localized and delocalized states: 
Comparison of hybrid and Perdew-Zunger self-interaction 
corrected functionals

* Elvar Ö. Jónsson1, Xinxin Cheng2, Yao Zhang2, Peter M. Weber2, Hannes Jónsson3,4

1) COMP CoE, Applied Physics Department, Aalto University, FIN-00076 Aalto, Finland 
2) Department of Chemistry, Brown University, Providence, RI 02912, United States 
3) Science Institute of the University of Iceland, 107 Reykjavik, Iceland 
4) Applied Physics Department, Aalto University, FIN-00076 Aalto, Finland 

While Kohn-Sham DFT has been extremely successful and is now widely used in the studies 
of molecules and condensed matter, practical implementations of the theory have several 
shortcomings. This is mainly due to the self-interaction error in the estimate of the Coulomb 
energy which is incompletely canceled out in the semi-local exchange approximation. The 
relative energy of localized and delocalized states is particularly problematic, the localized 
states often missing entirely in DFT calculations. Furthermore, commonly used DFT functionals 
give an incorrect long range form of the effective potential and absence of virtual Rydberg 
states. Calculations of the relative energy and structure of localized and delocalized states 
(see figure) of N,N-dimethylisopropylamine cation, a quantity we have determined 
experimentally and reproduced accurately with high level (CCSD(T)) calculations, will be 
presented. A variational, self-consistent implementation of PZ-SIC with complex optimal 
orbitals applied to the PBE functional, as implemented in GPAW, gives results in close 
agreement with the experiment and the high level calculations. Calculations with 30 different 
hybrid functionals, however, fail to reproduce the localized state. Furthermore, the PZ-SIC 
calculation of Rydberg excited states of the molecule are in excellent agreement with 
experimental measurements.
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S7 075

Self-consistent van der Waals density functionals applied to 
benzene on Si(100)

* Yuji Hamamoto1, Ikutaro Hamada2, Kouji Inagaki1, Yoshitada Morikawa1

1) Osaka University 
2) National Institute for Materials Science 

Despite its industrial importance, the adsorption structure of benzene on a Si(100) surface 
has been controversial issue, since experiments and first principles calculations based on 
density functional theory (DFT) within the generalized gradient approximation suggest two 
distinct structures, namely, butterfly (BF) and tight-bridge (TB) structures, respectively. The 
discrepancy has been apparently resolved by the van der Waals density functional (vdW-
DF), which supports the BF structure in good agreement with experiments. However, recent 
calculations based on DFT with the van der Waals correction and the random phase 
approximation support the TB structure. Actually, the above vdW-DF calculation does not 
only ignore the influence of structure relaxation but also include unphysical repulsion deriving 
from the revPBE exchange functional, which leaves ambiguity in the treatment of subtle 
problems such as benzene on Si(100). We here demonstrate a comprehensive study on the 
BF and TB structures using recently proposed several vdW-DFs, which have been shown to 
give a better performance than the original vdW-DF in a wide range of systems, where vdW 
interactions play an important role.
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S7 076

The SCE functional in the time domain: insights into its formal 
properties

* Giovanna Lani1, Robert van Leeuwen2, Paola Gori-Giorgi1

1) VU University Amsterdam, The Netherlands 
2) Jyväskylä University, Finland 

The strictly correlated electron limit (SCE) of the Hohenberg-Kohn energy functional, when 
employed in the DFT context, has recently shown [1] to be promising in tackling the difficult 
problem of strong electronic correlation. Whereas both its formal properties [2] and its 
performance in the static case have been studied extensively, there are only a handful of 
studies in the time domain [3].

In this work we first investigate some properties of the adiabatic SCE (ASCE) functional, 
ranging from the compliance to constraints of exact many-body theories, such as the 
generalized translational invariance [4] and the zero-force theorem, to relations peculiar to 
the building blocks -so called co-motion functions- of the SCE functional.We then derive an 
analytical expression for the exact ASCE Hartree exchange-correlation kernel and we 
discuss its features in the context of long-range charge transfer excitations. 
[1] F. Malet, A. Mirtschink, J. C. Cremon, S. M. Reimann, and P. Gori-Giorgi, Phys. Rev. B 87, 115146 

(2013)
[2] M. Seidl, P. Gori-Giorgi and A. Savin, Phys. Rev. A 75, 042511 (2007)
[3] A. Mirtschink, PhD thesis, Energy Density Functionals from the Strong-Interaction Limit of Density 

Functional Theory (2014) 
[4] G. Vignale, Phys. Rev. Lett. 74, 3233 (1995) 

S7 077

Asymptotic analysis of atomic correlation energies and the 
generalized gradient approximation

* Antonio Cancio1, Kieron Burke2, Tim Gould3

1) Ball State University 
2) University of California, Irvine 
3) Qld Micro- and Nanotechnology Centre 

It has long been known that the non-relativistic ground-state energy in Thomas-Fermi theory 
becomes relatively exact in the high-density, large particle number limit typified by the atomic 
number Z→∞ limit of neutral atoms. The analysis of this limit has improved our understanding 
of kinetic and exchange energies as functionals of the density, providing a unified approach 
to the explicit construction of these functionals. Recent benchmark calculations of atomic 
correlation energies allow us to extend this analysis to correlation. Asymptotic extrapolation 
gives a correlation energy of the form -AZln(Z) + BZ with A a known universal quantity, and 
B about 38 millihartrees. The coefficients roughly agree with those of the high-density limit 
of the numerical real-space construction (RSC) of the generalized gradient approximation. 
Significantly, the PBE and PW91 functionals built from the RSC fail to address this limit 
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properly because of a restrictive form for correlation. A reparametrization of the high density 
limit of the PBE, especially accurate for situations of low but finite levels of inhomogeneity, 
is used to produce an asymptotically corrected GGA. The result reproduces the asymptotic 
trends in the atomic benchmark data, improving PBE atomic correlation energies for all but 
the smallest Z.

S7 078

Ni(111)-graphene interface: the importance of screened van der 
Waals interactions

* Pier Luigi Silvestrelli1, Alberto Ambrosetti1

1) Università degli Studi di Padova, DIpartimento di Fisica e Astronomia, via Marzolo 8, 35131 
Padova - Italy 

Due to the direct applicability of Ni(111) surfaces in high-quality graphene production, the 
Ni(111)-graphene interface has recently been the object of extensive experimental and 
theoretical investigations. Achieving an accurate and efficient theoretical description of the 
Ni(111)-graphene interaction, however, still represents a major theoretical challenge, due to 
the complex interplay between van der Waals (vdW) and hybridization effects. Here we 
apply the DFT/vdW-WF2s method [1], augmenting semi-local Density Functional Theory 
through the inclusion of screened vdW interactions. Interestingly, we show that a reliable 
description of the vdW energy in Ni(111)-graphene requires an appropriate modeling of the 
metal-screening, which should not only account for the p- and s-like \\textit{quasi-free} 
electrons, but should further include the effect of the more \\texit{localized} d-like states. 
Good agreement is found with experiment and highly accurate theoretical predictions. 
Moreover, being the DFT/vdW-WF2s method based on Maximally Localized Wannier 
Functions, it permits an intuitive understanding of the complex physics underlying transition 
metals-graphene interactions. [1] P. L. Silvestrelli and A. Ambrosetti, Phys. Rev. B 87, 
075401 (2013).

S7 079

H2 Physisorption on Ice Ih and XI Surfaces

* Yuji Kunisada1, Norihito Sakaguchi1

1) Hokkaido University 

Since only exothermic reactions can proceed in space, it is assumed that physicochemical 
processes mainly proceed on cosmic dust grains. This is because heat of formation can be 
effectively released to surfaces. Thus, various kinds of reactions can occur on surfaces. 
Therefore, in order to understand physicochemical processes in space, it is important to 
know the interaction between gas molecule and surfaces. In this study, we considered H2, 
which is one of the most ubiquitous molecules in space, and ice surfaces as cosmic dust 
grains. We investigated the adsorption properties of H2 on ice surfaces with the aid of the 
first principles calculations based on density functional theory.
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At first, we investigated the adsorption energy of H2 on ice Ih and XI basal surfaces. In 
this study, we adopted the 1x1 ice Ih and 2x1 ice XI basal surface super cell with 12x12x32 
grids as adsorption configurations. We calculated the adsorption energy at each grids point. 
We found that the hollow site is the most stable adsorption site for both surfaces. In the 
conference, we will also show the activation barriers to surface diffusion obtained with the 
nudged elastic band method.

S7 080

Optimum Wannier orbitals for the Hubbard model and Gutzwiller 
functionals

* Valentina Brosco1, Zujian Ying2, Daniele Varsano3, Giorgia Lopez5, Paola Gori-
Giorgi4, Josè Lorenzana1

1) ISC-CNR, Dipartimento di Fisica, Università 
2) Beijing Computational Science Research Center, Beijing, China 
3) CNR-NANO, Dipartimento di Fisica Università di Modena e Reggio Emilia, Modena, Italy 
4) Department of Theoretical Chemistry, Vrije Universiteit, Amsterdam, The Netherlands 
5) Dipartimento di Fisica Università di Cagliari, Cagliari, Italy 

Most numerical methods based on DFT fail in systems at or close to the Mott insulating 
regime, when the energy associated to the tunneling of electrons becomes small compared 
with the typical electron-electron repulsion energies. Even in the simple case of the H2 
molecule, the commonest DFT approaches perform reasonably well at equilibrium distance, 
when electrons have substantial tunneling among the atoms, but they fail in the molecular 
analog of the Mott regime, when each electron is localized on one H atom. Starting from 
simple examples, in this talk we illustrate the key features a density functional should have 
to describe the Mott transition. We then turn our attention to study the mapping between 
continuum and lattice models and we provide a method to find the “best” Wannier orbitals to 
write the lattice Hamiltonian whose ground state properties are eventually addressed within 
a generalized variational Gutzwiller approach. In certain simple cases, the whole procedure 
yields a reduced density matrix functional which can be readily used. Retaining the simplicity 
of minimal-basis models but using the “best” Wannier orbitals, the approach described in 
this talk may provide a natural extension of Gutzwiller theory and other lattice methods to the 
continuum.

S7 081

Reconstruction structure of GaAs and InAs surfaces and their 
effects on electronic structure

* InWon Yeu1

1) KIST 

The III-V compounds are one of the most promising semiconductors for high speed and low 
power switching devices due to their superior electron transport properties. A key restriction 
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enabling use of III-V semiconductor is the lack of high quality surface and interface states 
like that available for the SiO2/Si system. Therefore, low index III-V semiconductor surfaces 
were studied in numerous publications and it is well known that polar surfaces of compound 
semiconductors exhibit various reconstruction structures depending on the preparation 
conditions such as cleavage, epitaxial growth and annealing. Among them, surface structure 
of GaAs (001) reconstructions has been one of the most intensively studied due to its 
importance as a substrate for epitaxial growth. Even though other surfaces are important 
with epitaxial growth of nanostructures including nanowires, (111) surfaces of III-V 
semiconductor have been less investigated due to difficulty to separate a (111) surface from 
its conjugate –(111) surface. In this work, a number of reconstruction structures of (100), 
(110), (111) surfaces of GaAs and InAs are studied by calculating the surface energy using 
density-functional theory with PBE functional. From the energetically stable reconstructions, 
we also investigate electronic structure of the surfaces using hybrid functional.

S7 082

Optimized effective potential method in static RPA and its 
applications

* Hisazumi Akai1, Taro Fukazawa2

1) Institute for Solid State Physics, The University of Tokyo 
2) Graduate School of Engineering Science, Osaka University 

One of the promising methods to go beyond the local density approximation of the density 
functional theory is the optimized effective potential (OEP) method combined with many-
body perturbation schemes. Although the method is very powerful, it is not widely used. One 
of the reasons is that there remains some ambiguity in the theoretical framework for the 
spin-polarized cases [1]. Another more practical reason is that its computational cost is 
rather high. In order to overcome these problems, first, we reformulated the OEP method to 
render it applicable to general correlation functionals including the RPA correlation functional 
[2]. The following points are emphasized: i) Level-crossing at the Fermi surface is taken into 
account; ii) eigenvalue variations in a Kohn-Sham functional are correctly treated; and iii) the 
resultant OEP equation is different from those reported to date. Then, we introduced a 
method that accelerates the OEP scheme in a static RPA-level correlation functional in the 
framework of KKR. Further to improve the computational speed, the Krieger-Li-Iafrate (KLI) 
approximation is exploited for solving the OEP equation. It is likely that this approximation 
does not deteriorate the description of the magnetic transition metals (Fe, Co, and Ni) 
examined here.
[1] T.Fukazawa and H. Akai, J. Phys: Condens. Matter 22, 405501 (2010).
[2] T.Fukazawa and H. Akai, J. Phys: Condens. Matter 27, 1155502 (2015).



Ψk-2015

 Abstracts of  Poster Session 1 •  Monday, September 7,  2015 351

S7 083

Electronic Properties of Materials with Self-Consistent Interatomic 
van der Waals Density Functional

* Nicola Ferri1, Robert A. DiStasio Jr.2, Alberto Ambrosetti1, Roberto Car2, Alexandre 
Tkatchenko1

1) Fritz-Haber-Institut der MPG 
2) Princeton University 

How strong is the effect of van der Waals (vdW) interactions on the electronic properties of 
molecules and extended systems? To answer this question, we derived a fully self-consistent 
implementation of the density-dependent interatomic vdW functional of Tkatchenko and 
Scheffler [1] and its extension to surfaces [2]. Not surprisingly, vdW self-consistency leads 
to tiny modifications of the structure, stability, and electronic properties of molecular dimers 
and crystals. However, unexpectedly large effects were found in the binding energies, 
distances and electrostatic moments of highly polarizable alkali metal dimers. Most 
importantly, vdW interactions induce complex and sizable electronic charge redistribution in 
the vicinity of metallic surfaces and at organic/metal interfaces. As a result, a substantial 
influence on the computed workfunctions was found, revealing a non-trivial connection 
between electrostatics and long-range electron correlation effects [3].
[1] A. Tkatchenko and M. Scheffler, PRL (2009).
[2] V. G. Ruiz, W. Liu, E. Zojer, M. Scheffler, and A. Tkatchenko, PRL (2012).
[3] N. Ferri, R. A. DiStasio Jr., A. Ambrosetti, R. Car, and A. Tkatchenko, PRL (2015).

S7 084

Reproducing band gaps with dielectric constant-tuned hybrid DFT 
functional

* José C. Conesa1, Eduardo Menéndez-Proupin2, Pablo Palacios3, Perla Wahnón4

1) Instituto de Catálisis y Petroleoquímica, CSIC, Madrid, Spain 
2) Dept. de Física, Fac. de Ciencias, Universidad de Chile, Santiago, Chile 
3) Inst. de Energía Solar & FyQATA, E.I. Aeronáutica y del Espacio, Universidad Politécnica de 

Madrid, Madrid, Spain 
4) Instit. de Energía Solar & Dept. TEAT, E.T.S.I. Telecomunicación, Universidad Politécnica de 

Madrid, Madrid, Spain 

Standard DFT at GGA level is known to underestimate seriously band gaps of semiconductors. 
The DFT+U approach does not solve it, and the GW method is rather costly for medium to 
large systems. Hybrid functionals have been proposed for this, but the most popular ones do 
not perform here well enough generally. Recent work based on GW theory [1] proposes 
choosing in a PBE0 functional the exact exchange mixing coefficient α to be equal to the 
inverse of the optical dielectric constant. Previous work by one of us [2] showed that this 
method, with selfconsistent calculation of that dielectric constant if needed, allows rather 
good agreement with experimental gaps at least in the case of compound Ti and Zn oxides. 
The method validity was verified shortly after for a number of different semiconductors, 
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including the paradigmatic NiO [3]. Here the mentioned previous work [2] will be presented, 
together with its application to the hybrid organic-inorganic perovskite (CH3NH3)PbI3 of high 
current importance in photovoltaics [4] and to other systems.

[1] M.A L. Marques et al., PRB 83 (2011) 035119.
[2] J.C. Conesa, Catal. Today 208 (2013) 11.
[3] J.H. Skone et al., PRB 89 (2014) 195112.
[4] E. Menéndez-Proupin et al., PRB 90 (2014) 045207. 

S7 085

Adsorption of small molecules on Zirconia surfaces and thin 
films: the importance of van der Waals functionals

* Wernfried Mayr-Schmölzer1, Florian Mittendorfer1, Josef Redinger1

1) Center of Computational Materials Science, Vienna University of Technology 

Zirconium dioxide is a material with many interesting properties, which make it useful for 
various technological applications, for example as a solid electrolyte in solid-oxide fuel-cells 
or as an oxygen gas sensor. Therefore a detailed understanding of adsorption on Zirconia 
films is crucial for these applications.

We present the results of DFT calculations of the adsorption of small molecules like H2O 
and CO on both ultrathin Zirconia (ZrO2) films on a metallic support and ZrO2 bulk surfaces. 
All calculations were performed using the VASP code employing both PBE and various vdW-
DF functionals, particularly the optB86b flavour[1].

We find that even for the metal-oxide interface a proper description of van der Waals 
interactions is important to describe its structure and adsorption energy. Furthermore vdW-
DF allows a proper description of the adsorption of small molecules like H2O and CO, 
resulting in adsorption energies which are in good agreement to experiments, for example 
1.11eV for an H2O and 0.63eV for a CO molecule on the thin film.

This work has been supported by the Austrian Science Fund under the project number 
F4511-N16.

[1] J. Klimes et al, J. Phys.: Cond Matt. 22 022201 (2010)

S7 086

Many-Body Dispersion Meets Non-Local Density Functionals: 
Towards a Unified Approach for van der Waals Correlations

* Jan Hermann1, Matthias Scheffler1, Alexandre Tkatchenko1

1) Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, 14195 Berlin, Germany 

It is an ongoing challenge to develop an efficient density functional for van der Waals 
correlations that would be accurate and broadly applicable. Current approaches can be 
divided into interatomic models, which employ parameters not derivable from the electron 
density, non-local density functionals, which are difficult to generalize to include many-body 
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correlations, and methods based on unoccupied orbitals, which scale unfavorably with 
system size. These shortcomings prevent any of the methods to be truly universal. We show 
that they can all be unified within a single framework based on the adiabatic-connection 
formalism. This allows for a smooth transition from the fragment-based models to the non-
local functionals. We use a coarse-grained local polarizability model from the VV10 functional 
[1] within the many-body dispersion framework [2] to create a fragment-based model with no 
external parameters and consistent coupling of short- and long-range correlation. This 
unification provides new insights into the different approaches to the exchange–correlation 
functional and deals with the density partitioning of ionic and delocalized electronic states.
[1] O. A. Vydrov and T. Van Voorhis, J. Chem. Phys. 133, 244103 (2010).
[2] A. Tkatchenko et al., Phys. Rev. Lett. 108, 236402 (2012).

S7 087

Oxygen adsorption on Ag(110)

* Ivor Lončarić1, Maite Alducin1,3, J. Iñaki Juaristi1,2,3

1) Centro de Física de Materiales CFM/MPC (CSIC-UPV/EHU), San Sebastián, Spain 
2) Donostia International Physics Center DIPC, San Sebastián, Spain 
3) Departamento de Física de Materiales, Facultad de Químicas, Universidad del País Vasco 

(UPV/EHU), San Sebastián, Spain 

Recently we have constructed the first full six-dimensional potential energy surface (PES) 
for an oxygen molecule on the frozen Ag(110) surface that has the quality of density functional 
theory (DFT), at the GGA (PBE) level. By performing trajectory calculations we explain why 
direct dissociation has not been experimentally observed at low incidence energies, and 
why Ag(110) is the most reactive flat silver surface for dissociation. Our results also support 
the experimental inference that the main process for dissociation is indirect, in which the 
molecule first adsorbs on the surface and next thermally dissociates. However, when 
modeling adsorption, the results we obtain show two main differences in comparison with 
the experimental results. The first difference is that DFT (PBE) does not predict entrance 
barriers for adsorption, while experiments seem to require them. The other difference is that 
too many molecules, as predicted by PBE, adsorb in the bridge sites. The observed 
differences could be the consequence of the PBE functional, so we calculate main PES 
properties with different functionals. We also explore the effect of going beyond the semi-
local approach by using exchange-correlation functionals that include a fraction of exact 
exchange.
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S7 088

Exact Maps in Density Functional Theory for a Lattice model 

* Tanja Dimitrov1, Heiko Appel1,2, Angel Rubio1,2,3

1) Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, D-14195 Berlin, Germany 
2) Max Planck Institute for the Structure and Dynamics of Matter, Luruper Chaussee 149, 22761 

Hamburg, Germany 
3) Nano-bio Spectroscopy Group and ETSF Scientific Development Centre, Departamento de 

Fisica de Materiales, Universidad del Pais Vasco UPV/EHU, E-20018 San Sebastian, Spain 

To understand the failures of approximate functionals, to gain insight into the behavior of the 
exact functional, and to devise new approximations, we investigate the exact solution of the 
many-body Schrödinger equation in Fock space for a lattice model with a softened Coulomb 
interaction term. Using exact diagonalization, we construct the exact density-to-potential 
and density-to-wave-function map. We find that the gradient of the density-to-potential map 
steepens with increasing electron-electron interaction strength and decreasing kinetic 
hopping probability. We denote this feature of the density-to-potential map, previously also 
observed for one-dimensional molecules [1] and the two-site Hubbard-model [2], as 
intrasystem steepening. Similar to the intersystem derivative discontinuity [3], the intrasystem 
steepening directly transfers into the density-to-wavefunction and the density-to-observable 
map. We illustrate how both, the intersystem derivative discontinuity and the intrasystem 
steepening transfer into the excited-state energy functional, the excited- and transition-state 
density functional and the von-Neumann entropy functional.
[1] A. J. Cohen and P. Mori-Sanchez, J. Chem. Phys 140, 044110 (2014).
[2] D. J. Carrascal et al., arXiv:1502.02194 (2015).
[3] J. P. Perdew et al., Phys. Rev. Lett. 49, 1691 (1982). 

S7 089

Global hybrids from the semiclassical atom theory satisfying the 
local density linear response

* Lucian Constantin1

1) Italian Institute of Technology 

We propose global hybrid approximations of the exchange-correlation (XC) energy functional 
which reproduce well the modified fourth-order gradient expansion of the exchange energy 
in the semiclassical limit of many-electron neutral atoms and recover the full local density 
approximation (LDA) linear response. These XC functionals represent the hybrid versions of 
the APBE functional [Phys. Rev. Lett. 106, 186406, (2011)] yet employing an additional 
correlation functional which uses the localization concept of the correlation energy density to 
improve the compatibility with the Hartree-Fock exchange as well as the coupling-constant-
resolved XC potential energy. Broad energetical and structural testings, including 
thermochemistry and geometry, transition metal complexes, non-covalent interactions, gold 
clusters and small gold-molecules interfaces, as well as an analysis of the hybrid parameters, 
show that our construction is quite robust and can provide a rather systematic improvement. 
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In particular, our testing shows that the resulting hybrid, including 20 % of Hartree-Fock 
exchange and named hAPBE, performs remarkably well for a broad palette of systems and 
properties, being generally better than popular hybrids (PBE0 and B3LYP). Semi-empirical 
dispersion corrections are also provided.

S7 090

New exact conditions for density functionals

* Lucian Constantin1, Eduardo Fabiano1, Fabio Della Sala1

1) Italian Institute of Technology 

We propose a gradient-dependent bound for the exchange-correlation energy (sLL), based 
on the nonlocal bound derived by Lewin and Lieb. We show that sLL is equivalent to the 
Lieb-Oxford bound in rapidly varying density cases, but it is tighter for slowly varying density 
systems. We apply it to the construction of simple semilocal and nonlocal exchange and 
correlation functionals. In both cases improved results, with respect to the use of Lieb-Oxford 
bound, are obtained.

We show that the Kohn-Sham positive-definite kinetic energy (KE) density significantly 
differs from the von Weizsäcker (VW) one at the nuclear cusp as well as in the asymptotic 
region. At the nuclear cusp, the VW functional is shown to be linear, and the contribution of 
p-type orbitals to the KE density is theoretically derived and numerically demonstrated. In 
the asymptotic region we find new exact constraints for meta-generalized gradient 
approximation (meta-GGA) exchange functionals: with an exchange enhancement factor 
proportional to α√, where α is the common meta-GGA ingredient, both the exchange energy 
density and the potential are proportional to the exact ones.
Refs.: Phys. Rev. B 91, 035126 (2015), Phys. Rev. B 91, 041120 (R) (2015)

S7 091

A general method for functional optimization applied to water

* Michelle Fritz1, Marivi Fernandez-Serra2, Jose M. Soler1

1) Departamento de Física de la Materia Condensada, Universidad Autónoma de Madrid, E-28049 
Madrid, Spain 

2) Department of Physics and Astronomy, Stony Brook University, Stony Brook, NY 11794-3800, 
USA 

In particularly delicate systems, like liquid water, ab initio exchange and correlation functionals 
are simply not accurate enough for many practical applications. In these cases, fitting the 
functional to reference data is a sensible alternative to empirical interatomic potentials. 
However, a global optimization requires functional forms that depend on many parameters 
and the usual trial and error strategy becomes cumbersome and suboptimal. We present a 
general and powerful optimization scheme called data projection onto parameter space 
(DPPS) and its application to the optimization of a vdW density functional for water. In an 
arbitrarily large parameter space, DPPS expands the vector of unknown parameters in 
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vectors of known data, and poorly sampled subspaces are determined by the physically-
motivated functional shape of ab initio functionals using Bayes\’ theory. We use DPPS to 
optimize the GGA exchange energy for the 1-body, 2-body, and 3-body energies of water 
systems and study the performance of the optimized functional in ab initio molecular 
dynamics simulations of liquid water.

S7 092

Testing of orbital-free density functional parameter transferability 

* Olga Lopez Acevedo1

1) Aalto University 

Orbital-Free Density Functional Theory method (OF-DFT) can contribute to increase the 
accessible time and size scales of quantum simulations by several orders of magnitude. In 
order to assess the performance of OF-DFT functionals it is necessary to use implementations 
that obtain all-electron values. I will first present a novel computational scheme of OFDFT 
method that opens the possibility to calculate accurate OFDFT all-electron energy values for 
any system using the projector augmented-wave method [1]. I will present then an application 
of our orbital-free code to test the parameter transferability of density dependent kinetic 
functionals. I will show that for molecules, a kinetic functional fitted to simultaneously energy 
and Euler equation eigenvalue can yield a smaller error in binding energy, bond length and 
eigenvalue than kinetic functionals fitted to reproduce only one atomic property. [2]. These 
results open the way to test parameter transferability and overall accuracy of OF density 
functionals.
[1] J. Lehtomäki, I. Makkonen, M. A. Caro, A. Harju, and O. Lopez-Acevedo, J. Chem.Phys. 141, 23, 

1 (2014)
[2] L. Espinosa Leal, A. Karpenko, M. A. Caro, O. Lopez-Acevedo, Phys. Chem. Chem.Phys 

DOI:10.1039/C5CP01211B (2015)

S7 093

Ab initio study of the adsorption of CH3 and C6H6 on α-Cr2O3 
(0001) surfaces: The role of van der Waals density functionals

* Samira Dabaghmanesh1, Erik Neyts1, Bart Partoens1

1) University of Antwerp 

Van der Waals (vdW) interactions play an important role in the adsorption of atoms and 
molecules on the surface of solids. Thanks to the recent developments in density functional 
theory (DFT), using different vdW methods helps us to account for the long-range vdW 
forces which are absent in popular DFT exchange correlation functionals. In our work, we 
examined different vdW approaches (i.e. vdW-DF [1], vdW-DF2 [2], optPBE-vdW, optB88-
vdW, optB86b-vdW which are implemented by Klime et al. [3], and the vdW method of 
Grimme [4] in the form of DFT-D2 and DFT-D3 to compute bulk and molecular adsorption 
properties of Cr2O3 as a well-known example of corundum family. For the bulk properties, we 
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compare our results for the heat of formation, lattice parameters and bond distances between 
the different vdW functionals and available experimental data. Next we compute the 
adsorption energies of the benzene molecule (as an example of physisorption) and CH3 (as 
an example of chemysorption) on top of the (0001) Cr-terminated and chromyl-terminated 
surfaces of Cr2O3 (The structure of benzene and CH3 molecules on top of the chromyl-
terminated Cr2O3 surface are respectively illustrated in Figs. 1(a) and (b)).

References:
[1] M. Dion, et al., Phys. Rev. Lett. 92, 246401 (2004).
[2] K. Lee, et al., Phys. Rev. B 82, 081101 (2010).
[3] J. Klimes, D. R. Bowler, and A. Michaelides, Phys. Rev. B 83, 195131 (2011).
[4] S. Grimme, J. Comp. Chem. 27, 1787 (2006).
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Symp. 8: Recent Developments in Density Matrix Functional 
Theory organized by Nicole Helbig, Heiko Appel

Poster Area D

S8 094

Photoelectrons and light from laser-driven 1D helium using 
TDRNOT

* Martins Brics1, Adrian Hanusch1, Julius Rapp1, Dieter Bauer1

1) Institute of Physics, University of Rostock, Germany 

Time-dependent renormalized-natural-orbital theory (TDRNOT) is a promising approach to 
describe correlated electron quantum dynamics, even beyond linear response. It has been 
shown in [1] that TDRNOT with only two renormalized natural orbitals (RNOs) per spin is 
capable of describing correlated phenomena such as doubly excited states, autoionization, 
and Fano profiles in photoelectron spectra for He. Here we go one step further and investigate 
the performance of TDRNOT for processes which involve more than two RNOs. As test 
cases we consider nonsequential double ionization and single photon double ionization. 
Both are strongly correlated processes and therefore many RNOs are needed to describe 
them. Our main observable for this purpose is correlated photoelectron spectra. The other 
aspect we look at is what advantages offers TDRNOT over time-dependent density function 
theory (TDDFT) for cases where TDDFT already gives quite good results. For that purpose 
we test TDRNOT on high-order harmonic spectra.
[1] M. Brics, D. Bauer, Phys. Rev. A 88, 052514 (2013).

S8 095

TDRNOT applied to the laser-driven hydrogen molecular ion

* Adrian Hanusch1, Julius Rapp1, Martins Brics1, Dieter Bauer1

1) Institute of Physics, University of Rostock, Germany 

Time-dependent natural-orbital theory is a promising approach to overcome the “exponential 
wall” in solving time-dependent many-body quantum problems numerically. Time-
dependent renormalized-natural-orbital theory (TDRNOT) has already proven good 
performance using an exactly solvable 1D Helium model atom. Highly correlated 
phenomena - not accessible via practicable time-dependent density functional theory - 
have been successfully described with TDRNOT [1-3]. In this work, we extend TDRNOT 
to investigate the hydrogen molecular ion in intense laser fields. The correlation between 
electron and nuclear degree of freedom is taken into account by considering electronic 
and nuclear natural orbitals, and their coupling.
[1] M. Brics, D. Bauer, Phys. Rev. A 88, 052514 (2013).
[2] J. Rapp, M. Brics, D. Bauer Phys. Rev. A 90, 012518 (2014).
[3] M. Brics, J. Rapp, D. Bauer, Phys. Rev. A 90, 053418 (2014).
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S8 096

An efficient minimization procedure for reduced density matrix 
functional theory in extended systems

* Y. Shinohara1, N. N. Lathiotakis1,2, S. Sharma1, J. K. Dewhurst1, E. K. U. Gross1

1) Max Planck Institute of Microstructure Physics 
2) Theoretical and Physical Chemistry Institute, National Hellenic Research Foundation 

The reduced density matrix functional theory (RDMFT) has been successful in accurate 
description of molecules and extended systems1alike. Despite this success, what limits the 
wide spread use of RDMFT is the high computational cost, mainly due to inefficient 
minimization algorithms used.

We introduce a new highly efficient algorithm by using generalized grand potential for 
non-interacting system to coincide with interacting total energy functional. We apply this 
algorithm to study extended systems. Performance of this method is compared with other 
minimisations techniques in use within RDMFT-- steepest-descent (SD) and Piris-Ugalde 
(PU) method2. In Fig. is shown the averaged error of convergence, i.e. the non-hermiticity 
of Lagrange multiplier as a function of number of iterations. Since computational cost per 
iteration is almost same for all solvers, number of iteration can be directly regarded as the 
cost-parameter. Fig. shows that the new algorithm is 40 times more efficient than SD. 
Although the result of PU show sudden drop in the error function initially, the convergence 
slows down after a couple of iteration leading to the new algorithm always performing 
better.

[1] S. Sharma et al., Phys. Rev. Lett. 110, 116403
[2] M. Piris and J.M. Ugalde, J. Comp. Chem. 30, 2078
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Symp. 9: Density-Functional Theory for Coupled Matter-
Photon Systems

Organized by Heiko Appel and Michael Ruggenthaler
Poster Area L

S9 097

Linear-response formalism in density-functional theory for 
quantum electrodynamics

* Norah Hoffmann2, Heiko Appel1, Angel Rubio2

1) Fritz-Haber-Institut der MPG, Berlin 
2) Max Planck Institute for the Structure and Dynamics of Matter, Hamburg 

The usual linear-response formalism in time-dependent density-functional theory (TDDFT) 
is applicable for fermionic systems only. Recently we have extended TDDFT to also include 
explicitly matter-photon interactions [1]. In the present work, we generalize the response 
formalism of standard TDDFT to treat also matter-photon interactions. To include the photon 
degrees of freedom, we extend the usual Dyson-type equation for the response function to 
a two-component equation, which takes the response of the electron density and the 
response of the photon energy density into account.

As a model system we consider lattice quantum electrodynamics (QED) in the linear 
regime. We calculate the exact Fock space dynamics of our coupled electron-photon system 
exposed to external laser fields. Using the Lanczos algorithm, we analyze the exact density 
change of the electrons and the change in energy density of the photons in real-time and 
compare with the linear-response solution provided by the generalized Dyson-type equation 
of TDDFT for QED.

[1] M. Ruggenthaler et.al., Phys. Rev. A 90, 012508 (2014).

S9 098

Ab initio calculation of structural, phonons and mecanical 
properties of b-SiC under high presure

* Lebga noudjoud1, Bouamama khelil2, djemia philippe3, Mourad cherif salim3

1) Université de Bordj Bou Arreridj algerie 
2) Laboratoire opto-electronique et composante Université setif algerie 
3) LPMTM Université paris nord France 

First principles calculation of the structural, the second and the third order elastic constantes 
and the phonons band structure of the only cubic polytype silicon carbide have been 
accomplished using the density functional theory within the local density approximation and 
the pseudopotential plane wave method with the HGH scheme. We investigate the effects 
of anharmonicity by calculating the third order elastic constant.
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S9 099

Real-time propagation of coupled Maxwell-Kohn-Sham systems

* René Jestädt1, Heiko Appel1,2, Angel Rubio1,2,3

1) Fritz Haber Institute of the Max Planck Society, Berlin, Germany 
2) Max Planck Institute for the Structure and Dynamics of Matter, Hamburg, Germany 
3) NanoBio Spectroscopy group and ETSF, Universidad del País Vasco, San Sebastián, Spain 

Based on a recent extension of time-dependent density functional theory to Quantum 
electrodynamics [1], we show first steps of an implementation of Maxwell\’s equations 
coupled to time-dependent Kohn-Sham equations. Our implementation utilizes the Riemann-
Silberstein vector of the electromagnetic field which allows to write Maxwell\’s equations in 
a symplectic spinor representation similar to the Dirac equation. This spinor representation 
allows us to use standard unitary propagation techniques [2] developed for the solution of 
the Schroedinger equation.

Our implementation in the real-space real-time code octopus [3] allows to propagate the 
Maxwell and Kohn-Sham systems with electrical dipole, magnetic dipole and electrical 
quadrupole couplings. As first application, we investigate dipole radiation characteristics and 
electromagnetic near-field effects for jellium spheres [4].
[1] M. Ruggenthaler et al., Phys. Rev. A \\90, 012508.
[2] A. Castro et al., J. Chem. Phys. 121 (2004).
[3] X. Andrade et al., J. Phys. Cond. Mat. 24 (2012).
[4] M. Brack, Rev. Mod. Phys. 65, 677 (1993)

S9 100

Electron Energy-Loss-Spectroscopy from first principle 
calculations

* Marc barbry1, Peter Koval2, Federico Marchesin1, Daniel Sánchez-Portal2

1) CFM-MPC, Centro Mixto CSIC-UPV/EHU 
2) Donostia International Physics Center (DIPC) 

In the last decades, EELS has reached subnanometric spatial resolution [1]. However, 
accurate calculations of valence-band EELS with such resolution are scarce, and mostly 
based on simple models using dielectric functions.

In contrast, we recently succeeded to map the local induced-field associated with plasmonic 
resonances with atomic-scale resolution from first-principles [2]. Based on this method, we 
conduct an ab-initio study of the energy loss in the vicinity of metal cluster dimers. Our 
approach uses time-dependent density functional theory (TDDFT). For calculations, we employ 
our own implementation of TDDFT in the linear response regime [3].

This implementation is optimized for exploiting the locality of operations to achieve an 
affordable computation for essentially metallic particles.

The code is interfaced with SIESTA package [4]. The low complexity algorithms employed 
in SIESTA and in our TDDFT code made possible to compute EELS in systems containing 
hundreds of atoms.
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References:
[1] Nellist et al. Science 305, (2004) 1741.
[2] M. Barbry, et al., Nano lett. 2015 (accepted).
[3] P. Koval, D. Foerster and O. Coulaud, J. Chem. Theory Comput., 9 (2010) 2654-2668.
[4] J.M.Soler, et al. J. Phys.: Condens. Matter 14 (2002) 2745-2779.

S9 101

Wave-packet dynamics in lattice quantum electrodynamics

* Uliana Mordovina1,2, Heiko Appel1,2, Angel Rubio1,2,3

1) Fritz Haber Institute of the Max Planck Society, Berlin 
2) Max Planck Institute for the Structure and Dynamics of Matter, Hamburg 
3) Nano-bio Spectroscopy Group/ETSF Scientific Development Centre, Departamento de Fisica de 

Materiales, Universidad del Pais Vasco UPV/EHU, San Sebastian 

Modern free electron lasers produce pulses on a timescale of femtoseconds and wavelengths 
of few nanometers. This experimental progress establishes new challenges for understanding 
the dynamics of molecules under extreme conditions. A huge issue for theorists is the 
development of new theoretical and computational tools for the investigation of non-
equilibrium dynamics of large coupled light-matter systems. Here, the quantum nature of 
both the electronic and the photonic part cannot be omitted.

By solving the full quantum electrodynamics (QED) on a non-pertubative level as a lattice-
field theory we can study real-time dynamics of coupled electron-photon-systems. In the 
current work we present our first numerical results in this framework. Using the Riemann-
Silberstein vector we describe not only the electrons but also the photons with their wave 
function [1]. We show real-time wave-packet dynamics for electrons and photons and 
investigate effects such as pair annihilation and Compton scattering. These solutions serve 
as exact numerical reference calculations for the construction of novel functionals in the 
recently established density-functional theory for QED [2].
[1] I. Bialynicki-Birula, Progress in Optics, 36, 245 (1996).
[2] M. Ruggenthaler et.al., Phys. Rev. A 90, 012508 (2014).

S9 102

Time-Evolution of Tensor Networks in Quantum Electrodynamcis

*Teresa Reinhard1,2, Heiko Appel1,2, Angel Rubio1,2,3

1) Fritz-Haber-Institut der MPG, Berlin 
2) Max Planck Institute for the Structure and Dynamics of Matter, Hamburg 
3) Nano-bio Spectroscopy Group/ETSF Scientific Development Centre, Departamento de Fisica de 

Materiales, Universidad del Pais Vasco UPV/EHU, San Sebastian 

Due to high intensities and small wavelengths in modern light sources such as free electron 
lasers, a non-pertubative and beyond-dipole description of the coupling of electrons and 
photons is necessary.
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To describe the dynamics in such coupled systems, time-dependent density 
functional theory was recently extended to include quantum-electrodynamical effects 
(QEDFT) [1].

Like all density-functional approaches, this description is formally exact. However, for 
current approximate QEDFT-functionals, no error bars for the deviation from the exact solution 
of the Schrödinger equation are known.

In order to develop such error bars, we construct systematically improvable approximations 
for the wavefunction of lattice quantum-electrodynamics.

Expanding the many-body wavefunction in terms of a tensor network, we express the 
wave function in a way that regards the geometry induced by the entanglement of the states.

Using the Lanczos algorithm, we consider the dynamics of the system by exploiting the 
symmetries of the Hamiltonian and of the initial state.

Ultimately, only a few possible states have to be regarded to describe the whole dynamics 
of the system. We analyze the entanglement of these states and compare our approach to 
QEDFT.
[1] M. Ruggenthaler et.al., Phys. Rev. A 90, 012508 (2014).

S9 103

Krieger-Li-Iafrate approximation to the optimized effective 
potential approach in density functional theory for quantum 
electrodynamics

*Christian Schäfer1,2, Johannes Flick2, Heiko Appel1,2, Camilla Pellegrini3, Angel 
Rubio1,2,3

1) Max Planck Institute for the Structure and Dynamics of Matter, Luruper Chaussee 149, 22761 
Hamburg, Germany 

2) Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, D-14195 Berlin, Germany 
3) Nano-bio Spectroscopy Group and ETSF Scientific Development Centre, Departamento de 

Fisica de Materiales, Universidad del Pais Vasco UPV/EHU, E-20018 San Sebastian, Spain 

Many-body perturbation theory (MBPT) opens the possibility to construct approximations to 
every desired order of a \’weak\’ interacting system. The drawback is a in general non-local 
interaction in space and time and it is therefore a demanding task to apply it to \’real\’ 
systems.

The optimized effective potential (OEP), derived by inversion of the Sham-Schlüter 
equation, is a natural connection between local density-functional theory and MBPT. In 
principle, this variationally best local potential reduces the problem to solving a simple 
system of Kohn-Sham equations combined with the solution of the OEP integral equation. 
However, converging the full set of OEP equations is a quite challenging procedure and is in 
practice rarely tackled.

The Krieger-Li-Iafrate (KLI) approximation reduces the integral equation to an analytically 
solvable one via a dominant orbital approximation. It performs usually quite well for electronic 
systems.

In the present work, we extend the OEP and KLI approaches to the case of electron-
photon interactions in quantum optics and quantum electrodynamics. Here an effective 
electronic interaction is transmitted via transversal photons. We present first static and time-
dependent results for the OEP [1] and KLI approximations of the Rabi and 1D-hydrogen 
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model and compare with the exact configuration-interaction solution and the corresponding 
exact Kohn-Sham potentials. [2]
References:
[1] C. Pellegrini et.al., arXiv 1412.4530 (2014).
[2] M. Ruggenthaler et.al., Phys. Rev. A 90, 012508 (2014).
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Symp. 12: Spin-Orbit Coupling Effects in First-Principles 
Quantum Transport

Organized by Ingrid Mertig, Paul Kelly, David Vanderbilt
Poster Area L

S12 104

Spin-orbit coupling and spin relaxation in defective graphene 
from first-principles

* Simon M.-M. Dubois1, Jean-Christophe Charlier1

1) Université catholique de Louvain, Institute of Condensed Matter and Nanosciences, Louvain-La-
Neuve, Belgium 

Owing to the weak spin-orbit coupling, vanishing hyperfine interaction and ultra-high 
mobilities of its low-energy carriers, graphene is a promising material for spin channel 
applications. However, while theory predicts spin lifetimes of ~1 μs, experiments consistently 
report much shorter values. The elucidation of these discrepancies is crucial to enable future 
applications of graphene for spin processing. Potential culprits for the enhanced spin 
relaxation are adatoms, structural defects such as ripples or substrate induced effects.

In this work, we investigate the magnetic structure and spin-orbit interaction induced by 
structural point defects and light adatoms by means of first-principles methods. We detail the 
impact of the defects on the spin-orbit coupling strength both in the dense and dilute limits. 
As some defects come with local magnetic moments, we investigate the interplay between 
spin-orbit and exchange couplings and evaluate the magnetic anisotropy of defective 
graphene. Eventually, the spin relaxation mechanisms are discussed.

S12 105

Higher-dimensional Wannier functions of multiparameter 
Hamiltonians

* Jan-Philipp Hanke1, Frank Freimuth1, Stefan Blügel1, Yuriy Mokrousov1

1) Peter Grünberg Institut and Institute for Advanced Simulation, Forschungszentrum Jülich and 
JARA, 52425 Jülich, Germany 

When using Wannier functions to study the electronic structure of multiparameter Hamiltonians 
H(k,λ) carrying a dependence on crystal momentum k and an additional periodic parameter λ, 
one usually constructs several sets of Wannier functions for a set of values of λ. We present 
the concept of higher-dimensional Wannier functions (HDWFs), which provide a minimal 
and accurate description of the electronic structure of multiparameter Hamiltonians based 
on a single set of HDWFs [1]. A generalized interpolation scheme is derived and essential 
conceptual and computational simplifications in using the formalism, for instance, in the 
evaluation of linear response coefficients are emphasized. The necessary machinery to 
construct HDWFs from ab initio is implemented within the full-potential linearized augmented 
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plane-wave method (FLAPW). Depending on the nature of λ, we can access system 
properties like spin stiffness and magneto-crystalline anisotropy energy by generalized 
interpolation. The formalism proves particularly fruitful in an efficient study of mixed Berry 
curvatures, spin-orbit torques, and the Dzyaloshinskii-Moriya interaction. Financial support 
by the HGF-YIG programme VH-NG-513 and SPP 1538 of DFG is gratefully acknowledged.
[1] J.-Ph. Hanke, F. Freimuth, S. Blügel, and Y. Mokrousov, PRB (accepted).

S12 106

Alternative spin-torque operators for the Gilbert damping in 
random alloys

* Ilja Turek1, Josef Kudrnovsky2, Vaclav Drchal2

1) Institute of Physics of Materials ASCR, Brno, Czech Republic 
2) Institute of Physics ASCR, Praha, Czech Republic 

We present an analysis of the torque-correlation formula for the Gilbert damping tensor of 
substitutionally disordered ferromagnetic alloys. We prove that within internally consistent 
approximations for configuration averaging, this formula yields identical results when 
combined with three different spin-torque operators obtained from the exchange-correlation 
field, from the spin-orbit interaction, and from the intersite hopping elements. This equivalence 
is used in an ab initio approach based on the relativistic LMTO method in the ASA, which 
leads to non-random non-site-diagonal effective spin torques that simplify the configuration 
averaging in the CPA. Particular attention is paid to the vertex corrections in the final Kubo-
Greenwood formula which are indispensable for the internal consistency. A special Ward 
identity is proved which guarantees several important properties of the Gilbert damping 
tensor, namely, its vanishing in the non-relativistic limit, its vanishing in the non-magnetic 
limit, and its transverse nature with respect to the direction of the ground-state magnetization. 
The developed theory is applied to selected binary transition-metal alloys (Ni-Fe, Fe-Co); 
the obtained results agree well with those of the KKR method and of a supercell LMTO 
technique of other authors.

S12 107

Magnetic Anisotropy Energy in Narrow Molybdenite Nanoribbons

* Jhon W. Gonzalez Salazar1, Andres Ayuela1

1) Centro de Física de Materiales (CSIC-UPV/EHU)-Material Physics Center (MPC). Paseo Manuel 
de Lardizabal 5, 20018, San Sebastián-Spain 

Magnetic anisotropy is the inhomogeneity of the magnetic properties when measured in 
different directions and is one key feature of the ferromagnetic nanostructures controlled by 
spin-orbit interaction [1,2,3]. We report the magnetic anisotropy arising from the edges of 
molybdenite narrow ribbons. An All-electron full-potential linearized augmented-plane wave 
(FP-LAPW) code was applied. In particular we study how changes the total energy of the 
system as a function of the direction of its magnetic moment. The main result of our work is 
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the strong dependence on the direction the magnetic moment and therefore on the quantum 
numbers J and S of the system total energy, where we have found changes with the angle 
in the total energy of the system in the order of a few meV [4].

[1] Chikazumi, S. Physics of Ferromagnetism 2e; Oxford University Press, 2009. 
[2] Hernando, A.; Crespo, P.; García, M.; Pinel, E. F.; de La Venta, J.; Fernández, A.; Penadés, S. 

Physical Review B 74, 052403 (2006). 
[3] Rusponi, S.; Cren, T.; Weiss, N.; Epple, M.; Buluschek, P.; Claude, L.; Brune, H. Nature Materials 

2, 546 (2003).
[4] González, J.W.; Ayuela, A. In preparation.

S12 108

Possibility of Better Thermoelectricity in Anomalous Hall Systems

* Yo Pierre Mizuta1, Fumiyuki Ishii2

1) Graduate School of Natural Science and Technology, Kanazawa University 
2) Faculty of Mathematics and Physics, Institute of Science and Engineering, Kanazawa University 

We are interested in how to achieve much higher thermoelectric conversion efficiency by 
taking full advantage of spin-orbit coupling. As one possibility, we have been studying the 
contribution of anomalous Hall conductivity (AHC) in thermopower. Previously, quite large 
effect of AHC was shown in the thermopower of massive Dirac fermion [1]. In search for 
better systems capable of AHC-assisted efficient heat-to-electricity conversion, we studied 
one of the model systems with larger AHC. In this presentation, we show the dependence of 
thermopower on the system parameters and discuss its consequences for the thermoelectric 
performance of this system. Future prospects for ab-initio designing of nice materials 
corresponding to such models will also be addressed.
[1] Y. P. Mizuta and F. Ishii, “Thermopower of Doped Quantum Anomalous Hall Insulators: The case 

of Dirac Hamiltonian”, JPS Conf. Proc. 5, 011023 (2015).
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S12 109

Rashba effect and surface spin texture in Bi (001) multi-layer 
nanofilm

* Hiroki Kotaka1, Fumiyuki Ishii2, Mineo Saito2

1) Nanoscience and Nanotechnology, Center ISIR, Osaka University, 8-1, Mihogaoka, Ibaraki 
Osaka, Japan 

2) Faculty of Mathematics and Physics, Institute of Science and Engineering, Kanazawa University, 
Japan 

Bismuth has strong spin-orbit interaction (SOI) caused by heavy atomic number and the 
added advantage of high affinity for semiconductor surface and case of use. Nano-structures 
which is constructed by Bi is suitable for examining the various phenomena caused by the 
SOI including the Rashba effect. Recently, 3D-orientation pattern of spins at reciprocal lattice 
space have been observed on Bi (001) surface by spin-resolved angle-resolved photoemission 
spectroscopy (SR-ARPES).

We perform fully-relativistic first-principles study of Bismuth (001) multi- layer film. We 
focus on the surface-derived bands buried in the bulk state around -0.32 eV and estimate 
the Rashba parameter αR. The αR from the bands is 1.9±0.1 eV, and is larger than αR of 
previous studies.

We calculate surface-localized spin ratio at Fermi surface, and illustrate spin texture. Our 
calculated results confirm the previous experimental SR-ARPES studies. Our research is 
intended to contribute to the elucidation of physical quantity originating in surface-localized 
state at Bi (111) surface

S12 110

Green Function Method for Modelling the Surface of a Semi-
infinite Solid

* Søren Smidstrup1, Tushar Ghosh1, Elvar Jónsson1, Kurt Stokbro1, Hannes Jónsson1

1) QuantumWise A/S, Copenhagen, Denmark 
2) Department of Applied Physics, Aalto University, Finland 
3) Faculty of Physical Sciences, University of Iceland 

We present a method for modeling the surface of a semi-infinite solid by means of a single 
particle Green function approach and DFT. This is unlike the slab approach used in typical 
DFT simulations where two surfaces are separated by a sufficient number of atomic layers 
to represent the bulk. In this approach the surface region is composed of a few layers and 
properly matched to the properties of an infinite solid on one side. The simulated system is 
divided into two regions: (A) the bulk solid represented by a minimal unit cell and subject to 
periodic boundary conditions in three directions, and (B) a surface region represented by a 
few atomic layers subject to periodic boundary conditions in two directions. Dirichlet boundary 
conditions are used at the A/B interface and Neumann boundary conditions at the free 
surface. The method is closely related to the NEGF methods for two terminal devices and 
the density matrix of the system is found self-consistently using a scheme similar to that of 
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M. Brandbyge et al. [Phys. Rev. B 65, 165401 (2002)]. Results of calculations on several 
metals and semi-conductors will be presented, for example on work function and band 
bending.

S12 111

Anisotropic magnetothermopower in Co-based trilayers: A 
comparison between Cu, Pd, and Pt as heterostructure partners

* Peter Kratzer1, Voicu Popescu1

1) Faculty of Physics, University Duisburg-Essen 

Within the framework of the spin-polarized relativistic Korringa-Kohn-Rostoker Green’s 
function method we investigate the magnetothermopower(MTP) in a series of M/Co/M (M = 
Cu, Pd, and Pt) trilayer systems.[1] As thermoelectric analogue of the conventional anisotropic 
magnetoresistance (AMR), the amplitude of the MTP signal is shown to depend on the 
asymmetry of the AMR around the Fermi energy. This asymmetry is sizable even if the 
magnetic layer itself displays only a small AMR, thus providing a path towards an efficient 
spin read-out thermoelectric device based on a single ferromagnetic layer. Our calculations 
establish a direct correlation between the strength of the spin-orbit coupling, modulated by 
the heterostructure partner M, and the MTP. The role of the Co/M interface related effects 
such as structural relaxation and interdiffusion is also discussed.

[1] V. Popescu and P. Kratzer, New J. Phys. 17 (2015) 033036
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S12 112

Fully spin-polarized transverse currents from skew-scattering in 
dilute ferromagnetic alloys

* Bernd Zimmermann1

1) Peter Grünberg Institut and Institute for Advanced Simulation, Forschungszentrum Jülich and 
JARA, Germany 

The spin Hall effect (SHE) possesses great potential for the generation of pure spin currents, 
but it is difficult to be measured directly. The closely related anomalous Hall effect (AHE) is 
much easier to access in an experiment via a finite Hall voltage. Phenomenologically, the 
only difference between the two effects is the ferromagnetic order needed for the AHE. But 
also the microscopics between the two effects are very similar, e.g. they are both caused by 
spin-orbit coupling.

In this work [1], we investigate the skew-scattering contribution to the SHE and AHE in 
dilute ferromagnetic alloys from first principles. We compare three state-of-the-art methods 
and analyze chemical trends by considering 3d impurities in bcc Fe, as well as magnetic 3d 
impurities in fcc Pd, Pt and Au. We arrive at general rules to obtain a large anomalous Hall 
angle, which represents an efficiency for the conversion of a longitudinal into a transverse 
current. Moreover, we reveal a clear correlation between the AHE and SHE in alloys which 
are based on a nonmagnetic host material, leading to fully spin-polarized transverse currents, 
which is very interesting from an application point of view.
[1] B. Zimmermann et al., PRB 90, 220403(R) (2014).

S12 113

Spin Hall and Edelstein effects in metallic films: From two to three 
dimensions

* Juan Borge1,2, Cosimo Gorini3, Giovanni VIgnale4, Roberto Raimondi2

1) Departamento de Física de Materiales, Universidad del Pais Vasco UPV/EHU, 20080 San 
Sebastián/Donostia, Spain 

2) Dipartimento di Matematica e Fisica, Universit`a Roma Tre, Via della Vasca Navale 84, Rome, 
Italy 

3) Service de Physique de l’ ´État Condensé, CNRS URA 2464, CEA Saclay, F-91191 Gif-sur-
Yvette, France 

4) Department of Physics and Astronomy, University of Missouri, Columbia MO 65211, USA 

A normal metallic film sandwiched between two insulators may have strong spin-orbit 
coupling near the metal-insulator interfaces, even if spin-orbit coupling is negligible in the 
bulk of the film. We study two deeply interconnected effects that arise from interfacial spin-
orbit coupling in metallic films. The first is the spin Hall effect, and the second is the Edelstein 
effect. At variance with strictly twodimensional Rashba systems, we find that the spin Hall 
conductivity has a finite value even if spin-orbit interaction with impurities is neglected and 
”vertex corrections” are properly taken into account. Even more remarkably, such finite value 
becomes ”universal” in a certain configuration. This is a direct consequence of the spatial 
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dependence of spin-orbit coupling on the third dimension, perpendicular to the film plane. 
Our results, although derived in a specific model, should be valid rather generally, whenever 
a spatially dependent Rashba spin-orbit coupling is present.

S12 114

Spin-orbit torques in L10-FePt/Pt thin films driven by electrical 
and thermal currents

* Guillaume Géranton1, Frank Freimuth1, Stefan Blügel1, Yuriy Mokrousov1

1) Peter Grünberg Institut and Institute for Advanced Simulation, Forschungszentrum Jülich and 
JARA, 52425 Jülich, Germany 

Using the Green’s function expression of linear response theory for the spin-orbit torque 
(SOT) we compute from first principles the SOT in a system of two layers of L10-
FePt(001) deposited on an fcc Pt(001) substrate of varying thickness [1]. We predict 
SOTs of the same order of magnitude than the ones computed in Co/Pt thin films [2]. 
Moreover, the good matching of the lattice constants of Pt and L10-FePt(001) allows 
these films to be grown epitaxially. The comparison of theory with experiment would 
therefore be simplified and fruitful to understand the underlying mechanisms that 
contribute to SOTs in thin films. Taking the system at hand as an example, we also 
compute the values of the thermal spin-orbit torque (T-SOT). We predict that the gradients 
of temperature that can be experimentally created in this type of systems will cause a 
detectable torque on the magnetization.
[1] Géranton G., Freimuth F., Blügel S., Mokrousov Y., arXiv:1409.1767 (2014)
[2] Freimuth F., Blügel S., Mokrousov Y., PRB 90, 174423 (2014)

S12 115

Surface and Bulk Rashba Effect in Ferroelectric GeTe

* Domenico Di Sante1, Christian Rinaldi2, Paolo Barone1, Markus Morgestern3, 
Riccardo Bertacco2, Silvia Picozzi1

1) CNR-SPIN L’Aquila, Italy 
2) LNESS Dipartimento di Fisica Politecnico di Milano 
3) Institute of Physics B and JARA-FIT, RWTH Aachen University, 52074 Aachen, Germany 

Relativistic effects are increasingly seen as key ingredients for spintronics. Among them, the 
Rashba effect, in which the spin degeneracy is removed as a consequence of spin-orbit 
interaction in noncentrosymmetric structures, plays a leading role. While the Rashba effect 
is commonly associated to two dimensional systems and interfaces, recent reports suggest 
that a sizeable Rashba splitting might as well occur in bulk polar (not ferroelectric) materials. 
We introduced the ferroelectric degree of freedom in the physics of Rashba effect, and we 
established the link between the Rashba physics and the field of ferroelectricity in single-
phase materials, by predicting from first-principles a giant Rashba effect in bulk GeTe, a 
narrow gap ferroelectric semiconductor [1]. 
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Furthermore we experimentally show, by means of spin-polarized photoelectron 
spectroscopy, that GeTe(111) exhibits spin-polarized hole-like surface Rashba bands, in 
ecellent agreement with DFT predictions. Such surface Rashba states coexist with bulk 
Rashba bands, as unequivocally proved by their kz-dispersion as a function of the incident 
photons‘ energy. Our work demonstrates the possibility for GeTe to be an appealing material 
for future spintronic devices.
[1] D. Di Sante, P. Barone, R. Bertacco & S. Picozzi, Advanced Materials, 25 509 (2013)

S12 116

Spin-Orbit Torques in Half-Heuslers

* Jacob Gayles1, Zhe Yuan1, Jakub Zelezny2, Frank Freimuth3, Yuriy Mokrousov3, 
Tomas Jungwirth2, Jairo Sinova1

1) Johannes Gutenberg University Mainz 
2) Institute of Physics ASCR, Czech Republic 
3) eter Grünberg Institut & Institute for Advanced Simulation, Forschungszentrum Jülich and JARA 

We calculate spin-orbit torques in the half-metallic Heusler alloy NiMnSb from first principles, 
showing the equivalence of two widely used methods, the Landauer-B\\”utikker and the 
Kubo formalism. We are able to compare these results in two regimes, a constant disorder 
broadening parameter within the Kubo formalism and a finite temperature model within the 
Landauer-B\\”utikker calculations. In the small disorder limit there are comparable and 
opposite torques on the small moment Ni ions to that on the larger moment Mn atoms. At 
larger disorder, we see larger torques on the Mn, while only anti-damping (independent of 
disorder) like torques arise. Lastly we are able to measure the torques quantitatively at room 
temperature and distinguish the even and odd components for experimental comparison. In 
the presence of strain, we find a large Dresselhaus field like torques that are of the first order 
in magnetization and comparable to experimental results, where the field like torques are 
found to be orders of magnitude larger than anti-damping torques.
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Symp. 13: Magnetic Excitation and Magnetization Dynamics
Organized by Ingrid Mertig, Stefan Blugel, Olle Eriksson

Poster Area H

S13 117

Spin decoherence in designer nanomagnets

* Fernando Delgado1, Joaquín Fernández-Rossier2

1) Centro de Física de Materiales UPV/EHU CSIC 
2) Departamento de Física Aplicada, Universidad de Alicante, Spain

Scanning Tunneling Microscope (STM) allows fabricating and probing magnetic 
nanostructures with atomic resolution, going from individual atoms to either ferromagnetic or 
antiferromagnetic arrays [1], or play with the magnetic anisotropy [2]. These systems lie in 
the borderline between the quantum world, reflected in the discrete nature of the spin 
excitations, and the classical, with finite magnetization [3].

The dynamics of these designer nanomagnets is accessible through spin-polarized STM 
measurements [3]. One of the open questions is how the classical magnetic states emerges 
as the stable configuration for nanomagnets showing Kramers\’ doublets, where decoherence 
and relaxation are inexorably linked. Here we tackle this problem using two complementary 
theoretical approaches. First, we use a master equation description of the dynamics. Second, 
we treat the problem of pure dephasing by mapping the problem to the spin-boson model 
and associate it to phase sift. Both treatments evince that the continuous monitoring of the 
nanomagnet by the conduction electrons privileges the classical magnetic states. 

References:
[1] B. Bryant et al., Phys. Rev. Lett. 111, 127203 (2013) 
[2] J. C. Oberg et al., Nature Nanotechnology 9, 64 (2014)
[3] S. Loth et al., Sience 335, 196 (2012)
[4] A. Spinelli et al., Nature Materials 13, 782 (2014)
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S13 118

Orbital-resolved ultrafast magnetization dynamics for systems 
with 4f electrons

* Karel Carva1, Peter M. Oppeneer2, Soenke Wienholdt3, Denise Hinzke3, Ulrich 
Nowak3

1) Charles University in Prague, DCMP, Ke Karlovu 5, CZ-12116, Prague, Czech Republic 
2) Department of Physics and Astronomy, Uppsala University, P.O. Box 516, 75120 Uppsala, 

Sweden 
3) Fachbereich Physik, Universitat Konstanz, 78457 Konstanz, Germany 

New insights into magnetization dynamics can be achieved due to femtosecond lasers. A 
complete reversal of magnetization has been observed in rare-earth based systems with 2 
ferrimagnetically ordered sublattices, Fe and Gd [1]. As the Gd 4f orbitals are not accessed 
directly by the pump laser, one can ask how does their response differ and on what time 
scale would magnetizations become equilibrated. Recent experimental data on pure Gd 
have provided magnetooptical signal of the 4f and 5d moments separatedly and reveal 
distinct dynamics. 

We calculate exchange interaction between the atomic moments (employing Lichtenstein 
formula), as well as the intra-atomic exchange between Gd 4f and 5d orbitals (using 
constrained DFT) to allow mapping of the problem to an effective orbital-resolved Heisenberg 
Hamiltonian. The instability of the Gd 5d moment is studied too: 5d exchange splitting and 
moment magnitude is calculated for constrained noncollinear magnetization arrangements. 
A subsequent simulation based on the Landau-Lifschitz-Gilbert equation has shown 
magnetization dynamics of 4f and 5d orbitals, which is in reasonable agreement with the 
experiment. For GdFeCo the simulation has reproduced the switching behavior [2].

References:
[1] I. Radu et al., Nature 472, 205 (2011).
[2] S. Wienholdt et al., Phys. Rev. B 88, 020406(R) (2013).
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S13 119

Magnetocrystalline anisotropy of adatoms: ab-initio calculations, 
model calculations, intuition

* Ondrej Sipr1, Sergey Mankovsky2, Svitlana Polesya2, Hubert Ebert2, Jan Minar2,3

1) Institute of Physics ASCR, Prague, Czech Republic 
2) Ludwig-Maxmilians-Universitat Munchen, Munich, Germany 
3) University of West Bohemia, Pilsen, Czech Republic 

Charge density waves (CDWs) are widely observed in the layered transition-metal 
dichalcogenides. Yet, the underlying mechanism of the formation of CDWs in different 
materials could be very different [1-2]. In this poster we present the first-principles calculations 
on VSe2. Our results agree with the experimental findings that the dominant CDW phase has 
a 4x4x3 supercell structure [3]. The band structure calculation also consists with ARPES 
results [4]. Besides the 4x4x3 CDW, we also find a weaker 4xR3x2 CDW instability which 
seems to agree with the recent experiment results found in VSe2 thin films. We show that the 
peak positions of the bare electronic susceptibility agree with CDW wave vectors, which 
suggests that the Fermi surface topology plays an important role in this material.
[1] K. Rossnagel, J. Phys.: Condens. Matter 23, 213001 (2011).
[2] X. Zho, Y. Cao, J. Zhang, E. Plummer, and J. Guo, PNAS 112, 2367 (2015).
[3] K. Terashima, T. Sato, H. Komatsu, T. Takahashi, N. Maeda, and K. Hayashi, Phys. Rev. B 68, 

155108 (2003).
[4] V. Strocov, M. Shi, M. Kobayashi, C. Monney, X. Wang, J. Krempasky, T. Schmitt, L. Patthey, H. 

Berger, and P. Blaha, Phys. Rev. Lett. 109, 086401 (2012).

S13 120

Quantum mechanics of magnetic excitations in materials: s, p, 
and d model Hamiltonians

* Marc Coury1, Sergei Dudarev2, Matthew Foulkes1, Andrew Horsfield1, Pui-Wai Ma2, 
James Spencer1

1) Imperial College London 
2) Culham Centre for Fusion Energy 

Many different Hubbard-like model Hamiltonians are used to represent multi-orbital atoms in 
magnetic materials, so which should one choose? We believe that one should choose model 
Hamiltonians that reflect the symmetries of the original Schrödinger equation. With this in 
mind, we have derived the most general form allowed by symmetry of the on-site Coulomb 
interaction in atoms with s, p and d shells, correcting a long series of mistakes in the literature. 
In particular, we show that the symmetry principles require that the widely used Hubbard-
Stoner Hamiltonial must also contain an orbital magnetic term, the magnitude of which for 
the p- and d-cases is comparable with the spin Stoner term. We have solved these model 
Hamiltonians exactly for dimers and obtained the full spectrum magnetic excitations. These 
insights can be used to improve exact and mean-field model Hamiltonians for studying 
magnetic excitations in larger systems.
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S13 121

Dynamical magnetic excitations of itinerant nanomagnets

* Samir Lounis1

1) Peter Grünberg Institut and Institue for Advanced Simulation, Forschungszentrum Jülich & 
JARA, Germany 

During the past decades we witnessed an unimaginable progress in the observation and 
understanding of magnetic structures in nanomagnets. In comparison, our understanding of 
the dynamics, excitations and switching of magnetism in nanostructures is still in its 
infancy. To understand, predict and unravel the mechanisms behind these excitations, we 
developed a method based on first-principles [1]. For instance, the dynamical magnetic 
susceptibility including spin-orbit coupling is computed, whose imaginary part gives the 
density of spin-excitations. Furthermore, the interaction among the electrons and the spin-
excitations is quantified in terms of their self-energy, which renormalizes the electronic 
structure. An overview of our investigations on 3ٱ adatoms/nanostructures deposited on 
several metallic surfaces will be presented and compared to available inelastic scanning 
tunneling spectra [2].

Work financed by the HGF-YIG Program No. VH-NG-717 (Functional nanoscale structure 
and probe simulation laboratory- Funsilab).
[1] Lounis et al. PRL 105, 187205 (2010); ibid. PRB 83, 035109 (2011), Lounis et al. Surf. Sci. 630, 

317 (2014); Schwflinghaus et al. PRB 89, 235439 (2014); dos Santos Dias et al. PRB 91, 075405 
(2015). 

[2] Khajetoorians, Lounis et al. PRL 106, 037205 (2011); Chilian et al., PRB 84, 212401 (2011); Kha-
jetoorians et al. PRL 111, 157204 (2013).

S13 122

Topological effects in magnetic platinum nano-particles

* Cono DiPaola2, Roberto DAgosta1, Francesca Baletto3

1) UPV/EHU, ETSF, Donostia San Sebstaian, Spain 
2) Dept. of Earth Science, UCL, London, UK 
3) Dept. of Physics, KCL, London, UK 

The magnetic properties of platinum nanoparticles ranging in size from a few tens to up 300 
atoms are investigated throughout first-principles calculations. It is found that the total 
magnetization depends strongly on the local rearrangements which lead to an interatomic 
partial charge transfer from the atoms lying on the sub-surface layer towards the vertexes. 
This effect seems to be enhanced around five-fold coordinated vertexes/subvertexes. 
Further, the effect of the embedding within a zeolite cage has been addressed for the case 
of 13 atoms.
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S13 123

Longitudinal spin-fluctuations and stacking-fault energy in 
FeMnCr and FeMnSiAl alloys

* Andrei REYES HUAMANTINCO1, Dario KNEBL2, Manfred WIESSNER1

1) Materials Center Leoben Forschung GmbH, Roseggerstrasse 12, 8700 Leoben, Austria 
2) Institute of Physics, Karl-Franzens-University Graz, Universitaetsplatz 5, 8010 Graz, Austria 

We have studied the magnetic behavior and calculated the stacking-fault energy (SFE) in 25 
austenitic (fcc) FeMnCr and FeMnSiAl alloys between 300-1000 K. Our DFT methodology 
uses the Green\’s function EMTO method and the CPA-DLM approach to model paramagnetic, 
random alloys as proposed by Reyes-Huamantinco et al. [PRB 86, 060201(R) (2012)]. The 
calculated magnetic moments in the paramagnetic state take into account longitudinal spin-
fluctuations. Our results show how the weakly itinerant nature of FeMn is affected by alloying 
with Cr, Si and Al. Next, we have coupled the calculated magnetic moments with measured 
thermal expansion in a constrained DFT calculation to obtain the total energy of the finite-
temperature configuration. To obtain the thermal lattice expansion we have prepared all 
samples and used X-ray diffraction. Finally, we calculated SFEs, which are in quantitative 
agreement with available measurements. The SFE is related to the mechanical properties, 
in particular, in the technologically important high-Mn steels FeMnSiAl their SFE determines 
the TRIP/TWIP plastic behavior under mechanical stress. Finally, we show that changes in 
SFE due to alloying originate mainly from the detailed change in moment-volume coupling 
at finite temperature.

S13 124

Dynamical spin, charge and angular momentum excitations in 
ultrathin films

*Filipe Souza Mendes Guimaraes1, Antonio Tavares da Costa2, Roberto Bechara 
Muniz2, Samir Lounis1

1) PGI-1 / IAS-1, Forschungszentrum Juelich 
2) Instituto de Física, Universidade Federal Fluminense 

The interplay between charge, spin and angular momentum excitations is an important 
ingredient in spin-orbitronics and certainly for the development of new efficient devices that 
take full advantage of the spin-orbit coupling. We have developed a new formalism, interfacing 
density functional theory and a multi-orbital Hubbard-like model,[1] that allows us to study 
these excitations in a unified framework. Using this theory we have access, for instance, to 
static and dynamical currents induced by external fields (AC and DC). We will present and 
discuss results of dynamical currents that lead to spin-accumulations in ultrathin films of W, 
Pt and Fe/W. In the latter case, we consider the ability to excite spin-waves by spin-orbit 
torques in the ferromagnetic layers using AC electric fields.[2]

This work is funded by the HGF-YIG Programme FunSiLab - Functional Nanoscale 
Structure Probe and Simulation Laboratory (VH-NG-717) and by Alexander von Humboldt/
Capes fellowship - Proc. No 0126-14-4.
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[1] A. T. Costa, R. B. Muniz, S. Lounis, A. Klautau, and D. L. Mills, Phys. Rev. B 82, 014428 (2010).
[2] L. Liu, T. Moriyama, D. C. Ralph, and R. A. Buhrman, Physical Review Letters 106, 036601 (2011).

S13 125

Manifestation of the transverse spin penetration length in spin 
dynamics of magnetic spin valves

* Pavel Baláž1, Maciej Zwierzycki2, Jozef Barnaś2

1) Charles University in Prague, Faculty of Mathematics and Physics, Ke Karlovu 5, 121 16 
Prague, Czech Republic 

2) Polish Academy of Sciences, Institute of Molecular Physics, Smoluchowskiego 17, 60-179, 
Poznan, Poland 

Transverse components of a spin polarized current passing from nonmagnetic to magnetic 
conductors are absorbed in the magnetic layer. This leads to a spin transfer torque, which 
is manifested in the magnetization dynamics. The length on which the transverse spin 
current components are absorbed is called transverse spin relaxation length or penetration 
length. Although this length is believed to be comparable with thickness of an atomic layer, 
some spin pumping experiments indicate that transverse spin current might persist over a 
length of a few nanometers [1]. Therefore, we study spin dependent transport through 
magnetic layers on scales from one atomic layer up to a few nanometers. Using the wave 
function matching method [2], the spin-dependent and spin mixing conductances are 
calculated as a function of the layer thickness. Consequently, the spin transfer torque and 
magnetization dynamics is studied in the macrospin approximation using the Landau-
Lifshitz-Gilbert equation. In particular, we analyze the second harmonic response to the 
spin transfer torque and discuss its potential for determination of the transverse spin 
penetration length. 

[1] T. Taniguchi, H. Imamura, Mod. Phys. Lett. 22, 2909 (2008)
[2] M. Zwierzycki et al, phys. stat. sol. (b) 245, 623 (2008)

S13 126

Ultrafast demagnetisation of iron clusters from first principles

* Maria Stamenova1, Jacopo Simoni1, Stefano Sanvito1

1) School of Physics and CRANN, Trinity College Dublin, Ireland 

Control over magnetisation dynamics at the femtosecond timescale is a desirable asset for 
new magnetic data storage technologies. The ultrafast demagnetisation, a phenomenon 
discovered by Beaurepaire at al. in 1996 in which an intense 40 fs-long laser pulse induces 
an abrupt and dramatic loss of magnetisation in a metallic film, is still insufficiently understood 
at the atomistic level. At time scale comparable with the pulse duration the itinerant character 
of the spin-carriers manifests itself over a much wider energy range than in equilibrium. As 
a result, the atomic spins and the exchange interaction in the Heisenberg sense are not 
constants of motion and conventional localised spin models break down.
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We employ the time-dependent density functional theory (TD-DFT), generalised to non-
collinear spin and including spin-obit interaction, to investigate the ultrafast demagnetisation 
of transition metal clusters (Fen, n = 2, 4 and 6) non-perturbatively and directly in the time 
domain. We analyse the role of the spin-orbit coupling, the spin-polarised currents and the 
topology of the finite atomistic system for the effectiveness of the laser-induced spin loss 
and deduce minimal physical requirements for the demagnetisation process to occur. Such, 
local in space, minimal quantum model is demonstrated to capture some essential physics 
of the early demagnetisation.

S13 127

Interface magnetic anisotropy of Nd-Fe-B magnets

* Yoshihiro Gohda1, Hideki Misawa2, Hiroki Tsuchiura3, Shinji Tsuneyuki2

1) Tokyo Institute of Technology 
2) The University of Tokyo 
3) Tohoku University 

Although Nd-Fe-B sintered magnets have been widely used, the origin of their high coercivity 
is still open for discussion. Magnetic anisotropy of microstructural interfaces between the 
main phase and sub-phases is expected to play an important role in exhibiting the coercivity, 
because the inside of the crystalline main phase cannot pin the domain-wall propagation. 

 In our calculations, we study the interface consists of the main phase and Nd oxides in 
Nd-Fe-B as showin in Fig. (a). We identified that O atoms at the interface prefer to present 
with Nd compared with Fe. We have also found that the electronic structure inside the main 
phase is hardly perturbed by the presence of the interface as shown in Fig. (b). Examining 
the anisotropy constants of Nd at the interface and inside the main phase, we derived an 
effective spin Hamiltonian, with which we performed atomistic micromagnetics simulations. 
Considering the anisotropy of Fe sublattice [1], approximately 10% of estimated coercivity is 
attributed to the effect of Fe sublattice.

[1] Z. Torbatian, T. Ozaki, S. Tsuneyuki, and Y. Gohda, Appl. Phys. Lett. 104, 242403 (2014).
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S13 128

Spin-waves in cobalt nanostructured films on Cu: disorder and 
alloying effects

* Xabier Zubizarreta1, Stefan Thomas1,2, Pawel Buczek1, Arthur Ernst1

1) Max-Planck-Institut für Mikrostrukturphysik, Weinberg 2, 06120 Halle, Germany 
2) Institut für Physik, Martin-Luther Universität Halle-Wittenberg, D-06120 Halle, Germany 

The properties of excited magnetic states are of key importance in fundamental and applied 
magnetism, determining the thermodynamical properties of magnets, including the Curie 
temperature. Magnetically ordered materials feature collective spin excitations called 
magnons.

At surfaces and films magnons are softer than in bulk materials due to the reduction in the 
number of magnetic neighbors. Here we focus on Co thin films deposited on two different 
orientations of copper surfaces: Cu(001) and Cu(111). It is well known that in both cases 
computed magnons for the ideal atomic structures present higher energies than experimentally 
measured ones, see Ref. [1] for Co/Cu(001).

We study the possible origins for the weaker measured hybridizations taking into account 
the Co growth properties on each Cu surface, by a combination of ab initio and Monte Carlo 
simulations. Including alloying and disorder effects partially improves the agreement with 
experimental data. The present work sheds light on the effect of structural non-homogeneity 
on spin-waves, a crucial step towards a realistic design of potential systems for spintronics 
[2].

References:
1. J. Rajeswari et al., Phys. Rev. B 96, 165436 (2012).
2. Y. Kajiwara et al., Nature 464, 262 (2010).

S13 129

Effect of spin-fluctuations on the magnetic properties of d element 
adatoms deposited on metal substrates

* Julen Ibañez-Azpiroz1, Manuel dos Santos Dias1, Stefan Blügel1, Samir Lounis1

1) Forschungszentrum Jülich, Peter Grunberg Institute 1 

We present a theoretical analysis of the effect of spin-fluctuations on the magnetic properties 
of d adatoms deposited on metallic substrates. These systems have been long predicted to 
develop a large local magnetic moment by theoretical calculations based on DFT [1], but 
experiments have measured negligible magnetic signals so far [2].

Our aim is to clarify the role of the spin-fluctuations, which tend to destabilize the magnetic 
moment and are not included into the standard DFT. We make use of the fluctuation-
dissipation theorem, which relates the magnitude of the spin-fluctuations to the interacting 
spin susceptibility as calculated in linear response theory. We access the latter quantity 
using a fully ab-initio approach based on the KKR Green function formalism within time-
dependent DFT [3,4].
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We would like to acknowledge support from the Helmholtz Gemein-schaft Deutscher-
Young Investigators Group Program No. VH-NG-717 (Functional Nanoscale Structure and 
Probe Simulation Laboratory).
[1] K.Wildberger etal., Physical Review Letters, 75 509 (1995)
[2] J. Honolka etal., Physical Review B, 76 144412 (2007)
[3] S. Lounis etal., Physical Review B, 83 035109 (2011)
[4] S. Lounis etal., Physical Review Letters, 105 187205 (2010)

S13 130

Magnetic entropy in paramagnetic Fe from dynamical mean-field 
theory

* Marcus Ekholm1, Elham Mozafari1, Johan Jönsson1, Torkel Erhardsson2, Leonid 
Pourovskii3, Igor A. Abrikosov1

1) Department of Physics, Chemistry and Biology, Linköping University, 58183 Linköping, Sweden 
2) Department of Mathematics, Linköping University, 58183 Linköping, Sweden 
3) Centre de Physique Théorique, CNRS, École Polytechnique, 91128 Palaiseau, France 

As a base material for steels, iron is of great interest in ab-initio materials science. Temperature 
induced magnetic excitations in Fe are usually described by rigid local magnetic moments 
that become internally disordered. In phase stability simulation, the magnetic entropy is 
often neglected, or taken into account by the expression: Smag = κBln(M + 1), where M is the 
local magnetic moment. Longitudinal spin fluctuations are rarely taken into account. 

We use dynamical mean field theory (DMFT) to calculate the magnetic entropy in the 
paramagnetic state, including temperature induced spin fluctuations through quantum Monte 
Carlo simulations. The results are compared to the above expression. Finally we compare 
the differences between the bcc and fcc phases of Fe. 



Ψk-2015

382 Abstracts of  Poster Session 1 •  Monday, September 7,  2015

Symp. 14: Chiral Magnetism
Organized by Stefan Blugel

Poster Area L

S14 131

First-principles study of the chiral magnet Cr(NbS2)3

* Tatsuya Shishidou1, Gustav Bihlmayer2, Stefan Blügel2

1) ADSM, Hiroshima University, Japan 
2) Peter Grünberg Institut and Institute for Advanced Simulation, Forschungszentrum Jülich and 

JARA, D-52425 Jülich, Germany 

Chiral magnetism is currently a very active research field. In this context the layered 
intercalated compound Cr(NbS2)3 has been attracting extensive interest. The crystal structure 
bears chirality arising from the arrangement of S atoms along the c-axis followed by the 
magnetic structure, which also exhibits chirality, i.e., Cr local moments (S=3/2), whose 
directions are confined in the c-plane, show a spiral magnetic structure of very long periodicity 
(L=48nm) with a handedness being in a one-to-one correspondence to the crystal chirality. 
It has been theoretically predicted [1] and experimentally confirmed [2] that a small external 
magnetic field perpendicular to the c-axis can lead to an emergence of a noble chiral spin 
soliton lattice. In accord with this intriguing soliton formation, an anomaly in the electrical 
conductivity has also been observed [3]. In this study, we perform density-functional theory 
calculations based on the all-electron FLAPW method and discuss the crystal chirality, 
fundamental electronic structure, magnetocrystalline anisotropy, and various magnetic 
interactions between Cr moments.
[1] J. Kishine et al., Phys. Rev. Lett. 107, 017205 (2011).
[2] Y. Togawa et al., Phys. Rev. Lett. 108, 107202 (2012).
[3] Y. Togawa et al., Phys. Rev. Lett. 111, 197204 (2013). 
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Symp. 15: First-Principles Calculations for Multiferroics and 
Magnetoelectrics

Organized by Nicola Spaldin, Silvia Picozzi
Poster Area S

S15 132

Exchange interactions and magnetic structures of RMn2O5 by 
first-principles calculations 

* Rodica Plugaru1, Neculai Plugaru2, Lucian Filip2

1) National Institute for R&D in Microtechnologies, Ianen Nicole St., 126A, Bucharest 07719???, 
Romania

2) National Institute of Materials Physics, Atomistilor Str. 105 bis, Magurele-Bucharest, 077125, 
ILFO , Romania

In the search of single phase magnetoelectrics we have studied by first principles calculations 
within DFT+U the electronic structure and magnetism of several RMn2O5 compounds, where 
R= Y, Bi or a rare earth element. These complex oxides are characterised by the simultaneous 
onset of ferroelectricity and magnetic order and may exhibit multiferroicity, giant/colosal 
magnetoresistence, half-metallicity and geometrically frustrated magnetism. The latter is 
responsible for both the complex antiferromagnetic-type structures, and the emergence of 
ferroelectricity [1,2]. We performed spin polarized calculations using the plane wave Quantum 
ESPRESSO code, the BFGS scheme, GGA and PBEsol Vanderbilt ultrasoft pseudopotentials 
to obtain the equilibrium structural parameters of the compounds. The spin and orbital 
magnetic moments were calculated by scalar-relativistic and fully relativistic GGA-PBE+U 
methods as implemented in the all-electron FPLO14 code. For each composition and the 
spin-orbit coupling switched on we compared the total energy of several commensurate spin 
configurations in order to determine the ground state magnetic structure. The possibility to 
realize the predicted magnetic states is discussed in relation to the paths and strengths of 
the various exchange coupling mechanisms acting in these compounds.
[1] T. Kimura et al., Ferroelectrics, 354, 77 (2007).
[2] D. Khomskii, Physics 2 20 (2009).
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S15 133

High-pressure cupric oxide: a room-temperature multiferroic

* Xavier Rocquefelte1,2, Karlheinz Schwarz3, Peter Blaha3, Sanjeev Kumar4, Jeroen 
van den Brink5

1) Institut des Sciences Chimiques de Rennes, UMR 6226, 263 Avenue du General Leclerc CS 
74205 35042 RENNES CEDEX, France 

2) Institut des Matériaux Jean Rouxel, UMR 6502 CNRS – Université de Nantes, Boîte Postale 
32229, 44322 NANTES Cedex 3, France 

3) Institute of Materials Chemistry, Vienna University of Technology, Getreidemarkt 9/165-TC, 
A-1060 Vienna, Austria 

4) Indian Institute of Science Education and Research Mohali, Knowledge City, Sector 81, Mohali 
140306, India 

5) Institute of Theoretical Solid State Physics, IFW Dresden, 01171 Dresden, Germany 

Multiferroic materials [1], in which ferroelectric and magnetic ordering coexist, are of 
fundamental interest for the development of multi-state memory devices that allow for 
electrical writing and non-destructive magnetic readout operation. The great challenge is to 
create multiferroic materials that operate at room temperature and have a large ferroelectric 
polarization P. Cupric oxide, CuO, is promising because it exhibits a significant polarization, 
that is, P~0.1 μC cm−2, for a spin-spiral multiferroic [2]. Unfortunately, CuO is only ferroelectric 
in a temperature range of 20 K, from 210 to 230 K. By using a combination of density 
functional theory and Monte Carlo calculations, we have established that pressure-driven 
phase competition induces a giant stabilization of the multiferroic phase of CuO, which at 
20–40 GPa becomes stable in a domain larger than 300 K, from 0 to T>300 K. Thus, under 
high pressure, CuO is predicted to be a room-temperature multiferroic with large polarization 
[3-7].
[1] Cheong et al. Nature Mater. 6, 13-20 (2007).
[2] Kimura et al. Nature Mater. 7, 291-294 (2008).
[3] Giovannetti et al. Phys. Rev. Lett. 106, 026401 (2011).
[4] Rocquefelte et al. Phys. Rev. Lett. 107, 239701 (2011).
[5] Rocquefelte et al. J. Phys. Condens. Matter 21, 045502 (2010).
[6] Rocquefelte et al. Scientific Reports 2, 759 (2012).
[7] Rocquefelte et al. Nature Communications 4, 2511 (2013).

S15 134

Spin gapless semiconducting behavior in equiatomic quaternary 
CoFeMnSi Heusler alloy

* Aftab Alam1, Lakhan Bainsla1, Arif I Mallick1, K G Suresh1, Y K Takahashi2, K Hono2

1) Department of Physics, Indian Institute of Technology Bombay, Mumbai 400076, India 
2) Magnetic Materials Unit, National Institute for Materials Science, Tsukuba 305-0047, Japan 

We shall report the signature of spin gapless semiconductor (SGS) in CoFeMnSi that 
belongs to the Heusler family. SGS is a new class of magnetic semiconductors which 
have a band gap for one spin subband and zero band gap for the other, and thus are 
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useful for tunable spin transport based applications. We show various experimental 
evidences for SGS behavior in CoFeMnSi by carefully carrying out the transport and 
spin-polarization measurements. SGS behavior is also confirmed by first-principles 
band-structure calculations. The most stable configuration obtained by the theoretical 
calculation is verified by experiment. The alloy is found to crystallize in the cubic Heusler 
structure (LiMgPdSn type) with some amount of disorder and has a saturation 
magnetization of 3.7μB/f.u. and Curie temperature of 620ٱ K. The saturation 
magnetization is found to follow the Slater-Pauling behavior, one of the prerequisites for 
SGS. Nearly-temperature-independent carrier concentration and electrical conductivity 
are observed from 5 to 300 K. An anomalous Hall coefficient of 162 S/cm is obtained at 
5 K. Point contact Andreev reflection data have yielded the current spin-polarization 
value of 0.64, which is found to be robust against the structural disorder. All these 
properties strongly suggest SGS nature of the alloy, which is quite promising for the 
spintronic applications such as spin injection.

S15 135

Coupling of ferroic order parameters in oxide heterostructures

*Gustav Bihlmayer1, Kourosh Rahmanizadeh1, Daniel Wortmann1, Stefan Blügel1

1) Peter Grünberg Institut (PGI-1) & Institute for Advanced Simulation (IAS-1), Forschungszentrum 
Jülich and JARA, 52425 Jülich, Germany 

At the interface between a ferroelectric and a ferromagnetic insulator a two-dimensional 
electron gas (2DEG) can arise if the ferroelectric polarization is perpendicular to the interface 
plane. Relativistic effects allow manipulating the transport properties of the 2DEG by the 
orientation of both, the ferroelectric polarization and by the magnetization. The combination 
of Rashba type spin-orbit coupling and exchange-interaction can drive the system even into 
a quantum spin Hall like state. The strength of this effect is explored by density-functional 
theory that allows designing interfaces with large coupling between exchange and spin-orbit 
effects. Comparing different perovskite heterostructures, we argue that the conduction band 
states of BiAlO3 are most susceptible to both ferroic order parameters. This setup can be 
used to manipulate spin-transport effectively by electric fields.

Financial support of the EU grant NMP3-LA-2010-246102 (IFOX) is gratefully 
acknowledged.
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S15 136

First principles study of improper ferroelectric (anti)ferromagnets

* Nicholas Bristowe1,2, Julien Varignon2, Denis Fontaine2, Eric Bousquet2, Philippe 
Ghosez2

1) Department of Materials, Imperial College London, London SW7 2AZ, UK 
2) Theoretical Materials Physics, University of Liège, B-4000 Sart-Tilman, Belgium 

A promising route to achieve the elusive ferroelectric (anti)ferromagnet (multiferroic) is by 
exploiting the so-called hybrid improper ferroelectricity in perovskites. Here the polarisation 
is no longer the primary order parameter [1], but instead two non-polar distortions, such as 
antiferrodistortive (AFD) motions corresponding to rotations of the oxygen octahedra, drive 
the polarization [2]. These AFD motions, unlike ferroelectricity, are ubiquitous in magnetic 
perovskites. This presentation overviews recent progress of first principles calculations [3], 
in combination with symmetry analyses, in a selection of bulk and layered perovskite 
systems. Various unusual behaviors are predicted, such as i) Jahn-Teller induced 
ferroelectricity in vanadate superlattices [4], ii) ferromagnetism in ferroelectric titanate 
superlattices [5], and iii) electric-field control of Jahn-Teller motions and related electronic 
properties in several bulk-strained perovskites [6]. 
[1] A. Levanyuk & D. Sannikov, Sov. Phys. Usp. 17, 199 (1974). 
[2] E. Bousquet et al., Nature Letters 452, 732 (2008). 
[3] J. Varignon, N. Bristowe, E. Bousquet & P. Ghosez, C. R. Physique 16, 153 (2015). 
[4] J. Varignon, N. Bristowe, E. Bousquet & P. Ghosez, arXiv:1409.8422 (2014) 
[5] N. Bristowe et al., Nat. Commun. 6, 6677 (2015) 
[6] J. Varignon, N. Bristowe & P. Ghosez, in preparation (2015)

S15 137

Topological defects in the rare earth hexagonal manganites

* Quintin Meier1, Nicola Spaldin1

1) ETH Zürich 

The multiferroic rare earth hexagonal manganites, h-RMnO3, have been the subject of many 
studies in the last decade, in part because of their unusual ferroelectric mechanism which 
leads to topologically protected string-like defects in the domain structure. The number of 
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topologically protected defects has been shown to depend on the rate of cooling through the 
ferroelectric phase transition described by the so-called Kibble-Zurek scaling law [1]. Here 
we investigate the influence of the rare-earth ion, R, on the topological properties by 
performing electronic structure calculations within the LDA+U method of density functional 
theory (DFT) for three representative hexagonal manganites. We calculate the optimised 
structures for both the low-symmetry ground state and high-symmetry prototypes of YMnO3, 
ErMnO3 and TmMnO3. We then extract the terms in the Landau free energy describing the 
transition between the high- and low-symmetry structures, as well as the phonon spectra 
and sound speeds and domain wall properties for all three materials. Our results allow us to 
predict trends in the formation of topologically protected defects across the series.
[1] S. M. Griffin, M. Lilienblum, K. T. Delaney, Y. Kumagai, M. Fiebig, and N. A. Spaldin,Phys. Rev. X2, 

041022(2012)

S15 138

Combined first principle calculations and experimental study of 
the phonon modes in the GeV4S8 compound

* Elena Cannuccia1, Vinh TaPhuoc2, Laurent Cario3, Marie Bernadette Lepetit4

1) Institut Laue Langevin BP 156 38042 Grenoble France, Laboratoire PIIM, Campus St. Jerome, 
Aix-Marseille Universite’ Avenue Escadrille Normandie, Marseille 

2) GREMAN, CNRS UMR 7347 Universite’ F. Rabelais, Parc de Grandmont, 37200 Tours, France 
3) Institut des Materiaux Jean Rouxel, Universite’ de Nantes, CNRS, BP32229, 44322 Nantes 

Cedex 3, France 
4) Institut Neel, CNRS UPR 2940 Departement MCBT, BP 166, 38042 Grenoble Cedex 9, France 

The lattice dynamics of the GeV4S8 compound has been investigated using both density 
functional calculations, and Raman/Infrared (IR) measurements. While the coherence 
between the computed and the experimental data is very good in the low temperature phase 
(25K, Imm2), the agreement for the high temperature one (300K, F-43m) is such that it 
raised the question about the validity of the F-43m space group. Using group theory and first 
principles calculations we show that the IR/Raman phonon modes are only compatible with 
the I-4m2 space group. This issue has a consequence on the possible interpretation of the 
Mott transition induced by an electric pulse.
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S15 139

Spin-flop transition in Cr2O3

* Naoto Tsujimoto1, Daisuke Hirai1, Ryosuke Akashi1, Shinji Tsuneyuki1,2

1) Department of Physics, The University of Tokyo, Tokyo 113-0033, Japan 
2) Institute for Solid State Physics, The University of Tokyo, Kashiwa 277-8581, Japan 

Cr2O3 is the first material predicted to theoretically show magneto-electric effects[1], which 
has been confirmed experimentally[2]. When the high magnetic field is applied along the 
easy axis (c axis), spins flop into the ab plane and the polarization in the plane occurs 
accompanied by the ion displacement[3]. The magneto-electric tensor after the transition is 
different from that before the transition. However, the detail of spin structure and ion 
displacement after the transition has not been clarified yet.

To elucidate the above issue, we constructed the model Hamiltonian, which includes the 
exchange interaction, the Zeeman and the anisotropic terms, and analyzed it with the mean-
field approximation. The exchange and anisotropy parameters, Jij and Kc, are determined by 
DFT.

Jij yields TN of ~610 K, whose order is equal to that of experimental data (TN exp = 308 K[4]). 
In the presentation, we also give the anisotropy parameter calculated by the perturbative 
approach[5], examine its accuracy, and discuss the resulting spin-flop transition and the 
critical magnetic field.
[1] I. E. Dzyaloshinskii, Sov. Phys. JETP. 10, 628 (1959).
[2] D. N. Astrov, Sov. Phys. JETP. 11, 708 (1960).
[3] Y. F. Popov et al., JETP. 69, 330 (1999).
[4] L. M. Corliss et al., J. Appl. Phys. 36, 1099 (1965)
[5] Z. Torbatian et al., Appl. Phys. Lett. 104, 242403 (2014).

S15 140

First-principles investigation of multiferroicity in FeS

* Fabio Ricci1, Eric Bousquet1

1) Theoretical Physics of Materials, University of Liège 

The FeS alloy has been widely recognized, from planetary chemistry and dynamics, as one 
of the most abundant in planet outer cores and Earth deposits1,2. At ambient conditions, the 
stoichiometric FeS is found in the so-called “Troilite” structure as an antiferromagnetic 
semiconductor. This phase is related to the metallic high-symmetry NiAs-type structure by a 
phase transition around 490 K.3 Although the lattice distorts from a centro-symmetric (P63/
mmc, NiAs-type) to a non-centro-symmetric (P-62c, Troilite) space-group, accompanied by 
a metal-insulator transition, it is not able to induce a net polarization along the c-axis, 
contrarily to what reported by experiments (~0.1 µC/cm2).4 Indeed, the ferroelectric phase 
seems to be related to a further phase transition from the P-62c to P31c space-group at 
lower temperature. Using first-principles density functional theory simulations, the ferroelectric 
character of this compound is interpreted on the base of phononic, electronic and magnetic 
properties.
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[1] J. Phys. IV France 7, C1-11 (1997).
[2] J. Appl. Geophys. 32, 55 (1994).
[3] Bull. Soc. Franç. Minér. Crist. LXXIX, 276 (1956).
[4] Phys. Stat. Sol. 36, K89 (1969).

S15 141

Low-dimensional Atomic Multiferroics: Defects in Nonmagnetic 
Ferroelectric PbTiO3

* Takahiro Shimada1, Takayuki Kitamura1

1) Kyoto University 

Multiferroics in nanoscale dimensions are promising for novel functional device paradigms, 
such as magnetoelectric memory, due to intriguing cross-coupling between coexisting 
ferroelectric and (anti-)ferromagnetic order parameters. However, the ferroic order is 
inevitably destroyed below the critical dimension of several nanometers. Here, we 
demonstrate a new path toward ultimately-small multiferroics while resolving the origin 
of ferromagnetism that emerges in nanoparticles of nonmagnetic ferroelectric PbTiO3. 
Systematic exploration using hybrid Hartree-Fock density functional calculations as well as 
the DFT+U calculations with a theoretical Hubbard UcRPA derived from the constrained 
random phase approximation (cRPA) successfully identifies that oxygen vacancies formed 
at surfaces/grain boundaries induce ferromagnetism due to local non-stoichiometry and 
orbital symmetry breaking. The localized character of emerged magnetization allows an 
individual oxygen vacancy to act as an atomic-scale multiferroic element with a nonlinear 
magnetoelectric effect that involves rich FM-AFM-NM phase transitions in response to 
switching spontaneous polarization. Moreover, we also demonstrate that the local (anti-)
ferromagnetism can emerge at dislocations as a line defect. Therefore, defects in ferroelectric 
oxides can behaver as atomic-scale low-dimensional multiferroics. Engineering these 
multiferroic features opens a new avenue to the design of ultrahigh-density integration for 
atomic-scale multiferroics.
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S15 142

Biquadratic and ring exchange interactions in orthorhombic 
perovskite manganites

* Natalya Fedorova1, Claude Ederer1, Nicola A. Spaldin1, Andrea Scaramucci2

1) ETH Zurich, Materials Theory, Wolfgang-Pauli-Strasse 27, CH-8093 Zurich, Switzerland 
2) Laboratory for Developments and Methods, Paul Scherrer Institut, CH-5232 Villigen PSI, 

Switzerland 

We use ab initio electronic structure calculations within the GGA+U approximation to density 
functional theory (DFT) to determine the microscopic exchange interactions in the series of 
orthorhombic rare-earth manganites, o-RMnO3. Our motivation is to construct a model 
Hamiltonian (excluding effects due to spin-orbit coupling), which can provide an accurate 
description of the magnetism in these materials. First we map the exchange couplings for 
several representatives of the o-RMnO3 series onto a Heisenberg Hamiltonian and find a 
clear deviation from Heisenberg-like behavior. We demonstrate that this deviation can be 
explained only by the presence of relatively strong biquadratic and four-spin ring exchange 
couplings and show that they have the strongest effect in compounds, where nearest-
neighbor exchange interactions are weakened due to the presence of large GdFeO3-type 
distortions. We also investigate the effect of on-site Coulomb repulsion U and on-site 
exchange interaction JH on the relative strength of bilinear and higher order terms. We find 
that the higher order couplings are significant and have to be considered for all reasonable 
values of U and JH.

S15 143

Orbital-Separation Approach for Simulation of Nanosized 
Capacitors Under Bias Voltage

* Shusuke Kasamatsu1, Satoshi Watanabe2, Seungwu Han3,4, Cheol Seong Hwang3,5

1) The Institute for Solid State Physics, the University of Tokyo 
2) Department of Materials Engineering, the University of Tokyo 
3) Department of Materials Science and Engineering, Seoul National University 
4) Research Institute of Advanced Materials, Seoul National University 
5) Inter-university Semiconductor Research Center, Seoul National University 

The understanding of the behavior of surfaces and interfaces under bias voltage is imperative 
for further optimization of nanoelectronic devices. In recent years, several methods have 
been proposed to simulate nanostructures under bias within the Kohn-Sham formalism of 
density functional theory, with each method having strengths and weaknesses. In this work, 
we present a robust method for simulating metal-insulator-metal systems of arbitrary 
geometries under bias in the limit of zero electronic current. The method, which we call the 
orbital-separation approach, is based on the separation of Kohn-Sham orbitals near the 
Fermi level into each of the metal parts, then occupying them according to a preset Fermi 
level difference while maintaining charge neutrality in the entire system [1]. We show that 
using this method, reliable calculations of the capacitance and local permittivity are possible 
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under both open-circuit and closed-circuit electrical boundary conditions. We also examine 
the possiblity of utilizing ferroelectric negative capacitance in nanoelectronic devices using 
this method.

Figure: (a) The voltage and (b) the energy of the SrRuO3/BaTiO3/SrRuO3 capacitor after 
relaxation at fixed charge ΔQ.

[1] S. Kasamatsu et al., Phys. Rev. B 84, 085120 (2011).

S15 144

Surface-termination dependent magnetism and strong 
perpendicular magnetocrystalline anisotropy of a FeRh (001) thin 
film

* Sung-Hyon Rhim1, Soyoung Jekal1, Soon Cheol Hong1, Won-joon Son2, Alexander 
B. Shick3

1) Department of Physics and EHSRC, University of Ulsan 
2) Samsung Advanced Institute of Technology 
3) Institute of Physics, ASCR 

While FeRh is G-type antiferromagnetic (AFM) in bulk, magnetism of FeRh (001) shows 
thickness and surface termination dependence. The Rh-terminated films exhibit 
ferromagnetism (FM) with strong perpendicular magneto-crystalline anisotropy, whose 
energy +2.1 meV/$\\Box$ is two orders of magnitude greater than 3d magnetic metals, 
where $\\Box$ is the area of two-dimensional unit cell.

On the other hand, the Fe-terminated films G-type AFM is ground state as in bulk.
Magnetism of the bulk FeRh is well explained in the framework of Goodenough-Kanamori-
Anderson rule on the super-exchange interaction.

So is for the film - the magnetic phases are results of interplay and competition between 
three mechanisms, the super-exchange interaction, the Zener-type direct interaction, and 
magnetic energy gain.
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Epitaxial Phases of BiMnO3 from First Principles

* Oswaldo Diéguez1, Jorge Íñiguez2

1) Tel Aviv University 
2) Luxembourg Institute of Science and Technology, 

Bulk BiMnO3 is the only transition-metal perovskite oxide that is insulating and shows strong 
ferromagnetism. This distinctive behavior would make it a promising candidate as a 
magnetoelectric multiferroic if it was also a polar material, but experiments have shown that 
bulk BiMnO3 has either a very small polarization (below 0.1 μC/cm2) or, most likely, that it is 
a paraelectric. There is also experimental evidence that the polarization in BiMnO3 films 
grown on SrTiO3 can be as high as 20 μC/cm2. Despite of the interest of these behaviors, 
the diagram of BiMnO3 as a function of epitaxial strain has remained largely unexplored. In 
this article, we use first-principles to predict that both under enough compressive and tensile 
epitaxial strain BiMnO3 films are ferroelectric witha giant polarization around 100 μC/cm2. 
The phases displayed by the films are similar to those experimentally found for BiFeO3 in 
similar conditions—at compressive strains, the film is supertetragonal with a large component 
of the polarization pointing out of plane, while at tensile strains the polarization points mostly 
in plane. Like in BiFeO3 films, these phases are antiferromagnetic—the orbital ordering 
responsible for ferromagnetism in BiMnO3 is absent in the polar phases. Our calculations 
also show that the band gap of some of these BiMnO3 films is substantially smaller than gaps 
typically found in ferroelectric oxides, suggesting it may be a suitable material for 
photovoltaic applications.

S15 146

The bulk monopolization in diagonal magnetoelectrics

* Florian Thöle1, Michael Fechner1, Nicola A. Spaldin1

1) Materials Theory, ETH Zürich 

The magnetoelectric monopole - a term appearing in the expansion of the interaction energy 
of the magnetic field H with the magnetization density - is formally allowed to exist in materials 
with broken time-reversal and inversion symmetry and is related to the response of diagonal 
magnetoelectrics. By exploiting similarities to the modern theory of polarization, we develop 
a theory of bulk monopolization and implement a Wannier function-based calculation in first-
principles simulations. We compare the values obtained in the bulk picture to values obtained 
in a local moment picture and point out the relevance of each description.
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S15 147

Calculation of Flexoelectricity from Density Functional 
Perturbation Theory

* Andrea Schiaffino1, Massimiliano Stengel1,2

1) Institut de Ciència de Materials de Barcelona (ICMAB-CSIC) 
2) ICREA-Institució Catalana de Recerca i Estudis Avançats 

During the last few years flexoelectricity, the polarization response to a strain gradient, has 
experienced a great revival. This is mainly motivated by the experimental progress in the 
growth and characterization of nanoscale structures, where flexoelectric effects can be very 
large, and by the realization that strain gradients are potentially very attractive for practical 
device applications. In this context, it is crucial to achieve a comprehensive theoretical 
picture, in order to (i) identify the microscopic mechanisms that most contribute to the 
response, and (ii) to achieve a quantitative picture of the effect in real materials to compare 
with the experimental data. Our starting point for such task is the response analysis to long-
wavelength phonon perturbations, calculated in the context of density-functional perturbation 
theory. Calculating the full flexoelectric tensor is challenging, as in principle the knowledge 
of the microscopic polarization response is needed for accessing the transversal components. 
Here we present an alternative method to get all the relevant information, inclusive of bulk 
and surface effects. We shall use cubic semiconductors such as Si or C as test-cases to 
demonstrate the effectiveness of our approach, and to relate our study to the existing theory 
of absolute deformation potentials.

S15 148

First-principles calculations on the effect of cation and anion 
doping on the magnetic properties of GaFeO3

* Jacqueline Atanelov1, Wernfried Mayr-Schmoelzer1, Peter Mohn1

1) Vienna University of Technology, Institute of Applied Physics, Center of Computational Materials 
Science 

We present ab-initio calculations on GaFeO3 (GFO) which is a promising multiferroic 
material suitable for a wide range of applications in electronic devices. Most multiferroics 
exhibit magnetic ordering temperatures below room temperature as well as an AFM ground 
state. A common method to increase the magnetic ordering temperature and to overcome 
the AFM ground state is the substitution and exchange of atoms. 

Motivated by that we investigate the influence of cation and anion doping on the electronic 
and magnetic properties of GaFeO3. Further we consider the presence of inner cation site 
disorder which can lead to a ferrimagnetic state. In terms of cation doping we substitute Ga 
by Fe in a range of x=0.0 to x=2.0 in Ga(2-x)Fe(x)O3.

Additionally we investigate the effect of anion substitution exchanging an O atom by a B, 
C, N and S atom respectively. 

Magnetocrystalline anisotropy energy (MAE) is another interesting property of GFO. 
Recent experimental studies report a sublattice dependent MAE and an increase of the MAE 
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for excess Fe atoms in pure GFO. Hence, we theoretically examine the experimentally 
predicted sublattice dependent MAE and the effect of anion doping and inner cationic site 
disorder on the anisotropy energy.

S15 149

DFT+U studies of Fe substitution in multiferroic CoCr2O4

* Debashish Das1, Shreemoyee Ganguly2, Biplab Sanyal2, Subhradip Ghosh1

1) Indian Institute of Technology Guwahati, India 
2) Uppsala University, Sweden 

Multiferrocity in spinel CoCr2O4 has been discovered lately. Since then extensive amount of 
research has been carried out to understand the phase diagram of this compound and the 
origin of multiferrocity. Recent experiments on Fe substituted CoCr2O4has revealed effects 
like the magnetic compensation and the reversible exchange bias, which are not observed in 
the pristine compound. In order to understand the effects of Fe substitution on the 
electronic structure and the consequences on functional properties, we have carried out 
extensive electronic structure calculations using the Density functional theory+U (DFT+U) 
formalism. Our results show the effects of structural distortions, the effects of competitions 
between the crystal field and the magnetic exchange, the effects of Fe substitutions at 
different sub-lattices and the effects of Fe concentrations in this system. These results 
provide a comprehensive understanding to the microscopic mechanisms present in the 
system due to Fe substitution.

S15 150

Search for the ground state in PbCrO3 crystals

* Konstantin Rushchanskii1, Martin Schlipf1, Marjana Ležaić1

1) Peter Grünberg Institut, Forschungszentrum Jülich and JARA, 52425 Jülich, Germany 

PbCrO3 is known for almost 50 years as a material with undistorted perovskite structure. It 
exhibits a large variety of interesting transport and magnetic properties, a pressure-
induced metal-insulator transition with unexpectedly large volume collapse, 
etc. Unfortunately, known theoretical attempts to describe the origin of the metal-insulator 
transition in this material are rare and rather speculative. We report results of our extensive 
studies of the possible ground state in PbCrO3, which show that insulating behavior is a 
result of charge disproportination in the Pb sublattice. We show, that charge ordering 
pattern in not unique and is related to accompanying tilts of the oxygen octahedra, leading 
to a large set of alternative structures in narrow energy range close to the ground 
state. Possible geometrical frustration could result in the glassy charge state of Pb atoms 
in PbCrO3, observed experimentally [1].
[1] R. Yu, M. Mizumaki, T. Watanuki, T. Mizokawa, K. Oka, H. Hojo, H. Kim, A. Machida, K. Sakaki, Y. 

Nakamura, A. Agui, D. Mori, Y. Inaguma, M. Schlipf, K.Z. Rushchanskii, M. Ležaić, M. Matsuda, J. 
Ma, S. Calder, M. Isobe and M. Azuma, submitted.
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S15 151

Multiferroic and magnetoelectric metal-organic frameworks

* Alessandro Stroppa1, Paolo Barone1, Domenico Di Sante1, Prashant Jain2, Manuel 
Perez-Mato3, Anthony K. Cheetham 4, Harold W. Kroto5, Martijn Marsmann6, Silvia 
Picozzi1

1) CNR-SPIN L’Aquila-Italy 
2) Los Alamos National Lab,30 Bikini Atoll Rd Los Alamos NM 87545-0001 (505) 664-5265 
3) Departamento de Fisica de la Materia Condensada, Facultad de Cienca y Tecnologia UPV/EHU, 

Bilbao, Spain 
4) Department of Materials Science and Metallurgy, University of Cambridge (UK) 
5) Department of Chemistry and Biochemistry, Florida State University, Tallahassee, FL 32306 

(USA) 
6) Faculty of Physics, Center for Computational Materials Science, University of Vienna, A-1090 

Wien, Austria 

Ferroelectric materials, whose spontaneous polarization can be switched by an external 
electric field, have a wide range of applications in device electronics. Recent discoveries of 
ferroelectricity in organic solids have been limited to some well-known polymer ferroelectrics 
or a few low molecular mass compounds. Computational approaches based on density 
functional theory represent a valuable tool in order to predict or suggest new organic 
ferroelectrics with large values of ferroelectric polarization. In particular, the modern theory 
of polarization is used and symmetry analysis gives an important help for gaining insights 
into the mechanisms responsible for the ferroelectric polarization.

Here we will focus on the description of the ferroelectric and magnetic properties of 
complex organic-inorganic systems, such as metal-organic frameworks (MOFs). In particular, 
MOFs with a perovskite topology show promising new routes for the cohexistence of 
ferroelectricity and magnetism, i.e. multiferroicity, as well as, their couping, i.e. 
magnetoelectricity.

S15 152

Ferroelectric control of magnetocrystalline anisotropy in Mn2Au/
BaTiO3 interface

* Evgeny Plekhanov1, Alessandro Stroppa 1, Silvia Picozzi1

1) CNR-SPIN L’Aquila-Italy 

The ability to control magnetic properties with an electric field raises exciting possibilities, 
both for understanding of the fundamental physics underlying these effects and for potential 
technological applications. Electric field control of magnetization has a wide range of 
applicability in spintronics and magnetic data storage devices, ranging from electrically 
controllable magnetic memories to magnetoelectric transducers and threshold magnetic 
sensors. The use of antiferromagnets (AFM) coupled to ferroelectrics (FE) is much less 
explored than the Ferromagnetic (FM) counterpart, although it might lead to higher device 
packaging density and larger stability with respect to external perturbations (such as 
magnetic fields).
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Here we explore the possibility to control the magnetic anisotropy of Mn2Au//BaTiO3 thin 
films. By thorough exploration of many possible configurations, we identify the two most 
stable, corresponding to the compressive and tensile strain at the interface. One of these 
interfaces appears to be easy-axis while the other one - easy-plane. The reversal of the FE 
polarization lowers the anisotropy by approximately 50%, thus paving the way to the control 
of AFM state with an electric field.

S15 153

Strain-defect interaction in oxide thin films

*Ulrich Aschauer1, Sverre M. Selbach2, Nicola A. Spaldin1

1) Materials Theory, ETH Zurich, Zürich, Switzerland 
2) Department of Materials Science and Engineering, NTNU, Trondheim, Norway 

Epitaxial strain in perovskite thin films or heterostructures can not only be accommodated by 
changes in structural parameters such as bond-lengths or octahedral rotation angles, but 
also by the formation of point defects. This novel concept can be seen as the inverse effect 
of chemical expansion, which relates changes in lattice parameters to the redox chemistry 
occuring in the vicinity of point defects. Here we will explore the generality of such strain 
dependent defect formation for perovskite oxides of different compositions and with different 
functionalities as well as in binary rock-salt oxides. Based on our density functional theory 
calculations of the strained materials, the resulting point-defect-induced changes in properties 
such as the electronic conductivity, ferroelectricity and magnetism will be discussed.

S15 154

The Aurivillius phases as potential multiferroics: a view from first 
principles

* Axiel Yaël Birenbaum1, Andrea Scaramucci2, Jan van den Broek1, Claude Ederer1

1) ETH Zurich, Materials Theory, Wolfgang-Pauli-Strasse 27, 8093 Zurich, Switzerland 
2) Paul Scherrer Institute, Laboratory for Developments and Methods, 5232 Villingen, Switzerland 

Aurivillius phases exhibit a naturally-layered crystal structure with robust ferroelectric 
properties that allows to incorporate a variety of magnetic cations. However, the reported 
physical properties and magnetic ordering temperatures of “multiferroic” Aurivillius phases 
vary considerably, even for closely related compositions. Here, we focus on Bi5FeTi3O15 
(BFTO) as a prototypical Aurivillius phase containing magnetic Fe3+ cations. We use first 
principles electronic structure calculations and Monte Carlo simulations to establish the 
intrinsic properties of BFTO, and discuss the general suitability of Aurivillius phase materials 
as potential multiferroics. We address a possible site preference of the Fe3+ cation in BFTO, 
calculate the spontaneous electric polarization, and investigate the effect of epitaxial strain. 
We calculate the strength of the magnetic coupling and perform Monte Carlo simulations to 
estimate the magnetic ordering temperatures. We discuss possible routes to obtain robust 
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magnetic properties at high temperatures in Aurivillius phases by varying composition and 
the number of perovskite-like layers.

Furthermore, we discuss the mechanism underlying the ferroelectricity in Aurivillius 
phases by focusing on 2-layer systems based on SrBi2Ta2O9. We study the coupling between 
polar and non-polar modes in these systems, and discuss our results in light of the general 
concept of “hybrid improper ferroelectricity”.



Ψk-2015

398 Abstracts of  Poster Session 1 •  Monday, September 7,  2015

Symp. 18: Electrochemical Energy Storage and Conversion: 
Solid/Liquid Interfaces

Organized by Marialore Sulpizi, Marie-Pierre Gaigeot, Axel 
Gross, Kevin Leung, Xingao Gong

Poster Area I

S18 155

Dynamics of water adsorption on Pt(111): from single molecules 
to water clusters and networks

* Maryam Naderian1, Axel Groß1

1) Institute of Theoretical Chemistry, Ulm University 

To describe the water adsorption dynamics and the water network formation process on 
platinum surfaces as a prototype for understanding electrode/electrolyte interfaces we have 
performed ab initio molecular dynamics (AIMD) simulations. The AIMD simulations in the 
microcanonical ensemble are based on periodic density functional theory calculations using 
the dispersion-corrected RPBE-D3 functional. The sticking probabilities and dynamics of the 
adsorption of water molecules on Pt(111) as a function of initial kinetic energy of the impinging 
water molecules are determined. By gradually increasing the water coverage on the surface 
substrate, the dynamics of the cluster and network formation on Pt(111) have been addressed. 

On clean Pt(111), the sticking probability decreases as a function of increasing initial 
kinetic energy of the impinging water molecules, as typical for molecular adsorption. On 
water-preccovered Pt(111), most of the initial kinetic energy of the water molecule is first 
transferred into the internal molecular degrees of freedom and later to the kinetic energy of 
the pre-adsorbed molecules and the substrate atoms1. This represents an efficient dissipation 
channel of the initial energy of the water molecule to the pre-adsorbed water molecules 
which is crucial for the understanding of the molecular adsorption dynamics and the initial 
water structure formation on metal electrodes.
[1] Axel Groß et al., J. Electrochem. Soc. 161, E3015 (2014).

S18 156

Structure and dynamics at water-solid interfaces: Hydrophobicity 
versus Morphology

* Martin Fitzner1,2, Gabriele Cesare Sosso1,2, Stephen James Cox1,2, Angelos 
Michaelides1,2

1) Thomas Young Centre and Department of Chemistry, University College London 
2) London Centre for Nanotechnology 

Water-solid interfaces are of pivotal relevance in a variety of fields, e.g. microbiology, cloud 
science and energy storage. However, it is not fully understood how substrate characteristics 
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like hydrophobicity and morphology impose and alter the formation of a water overlayer. 
Here we perform a systematic trend study in which we explore the structure and dynamics 
of liquid water and ice on several generic model substrates by molecular dynamics 
simulations. We consider the (111), (100), (110) and (211) surfaces of a fcc crystal, varying 
the strength of the water-surface interaction and the lattice parameter. The results are used 
to characterize ice nucleation behavior. We find that symmetry, buckling and periodicity of 
the surface significantly affect the structure and dynamics of the liquid overlayer as well as 
the nucleation rates. Furthermore, the complex interplay between hydrophobicity and 
morphology can promote the formation of different (up to three) faces of ice on the very 
same surface. These findings provide insight into the microscopic details of water-solid 
interfaces and into the effects of morphology and hydrophobicity on ice formation.

S18 157

First-principles reaction barriers for the splitting of water on Au 
nanocatalysts

* Thomas Stecher1, Harald Oberhofer1, Karsten Reuter1

3) 1) TU Munich 

First-principles modeling of electrocatalytic surface reactions is still largely defined by the 
computational hydrogen approach. This approach evaluates free energy differences between 
consecutive reaction steps and thus only accounts for possibly existing thermodynamic 
barriers. In order to access additional kinetic barriers in the photocatalytic oxidation of water 
we present an approach based on ab initio molecular dynamics (AIMD) simulations and 
umbrella sampling. For the proton transfer steps we specifically use path-integral AIMD to 
also capture nuclear quantum effects. As a first showcase system we consider water splitting 
at a Au3 co-catalyst, which was previously studied within the computational hydrogen 
electrode approach [1].

[1] H. Oberhofer and K. Reuter, J. Chem. Phys. 139, 044710 (2013).

S18 158

Towards First-Principles Modeling of Electrolytic Solvent Ef- fects 
in Photo-Catalytic Water Splitting

* Stefan Ringe1, Christoph Hille1, Sebastian Matera2, Harald Oberhofer1, Karsten 
Reuter1

1) Chair of Theoretical Chemistry, TU München 
2) ECMath, FU Berlin 

Due to the complexity of the physical processes underlying photo-catalytic surface reactions, 
ab-initio computational approaches have to overcome major challenges concerning accuracy 
and computational costs. In particular, an efficient description of electrolytic solvent effects—
which are crucial for charge driven reactions—is highly necessary.
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We present an implementation of the modified Poisson-Boltzmann (MPB) model in the 
highly parallel and numerically efficient all-electron DFT code FHI-aims. In contrast to most 
implicit solvent models, this technique combines nonlinear dielectric solvent response with 
a statistical description of solvated finite-sized ions. This has been shown to capture a 
majority of electrochemical solvent effects appearing inheterogeneous photo-catalysis.[1] 

We developed a self-consistent function-space oriented solution scheme for Poisson-
Boltzmann-like equations which in contrast to common multi-grid solvers is able to exploit 
the specialized grids and optimized integration schemes of FHI-aims. We demonstrate the 
approach and its efficiency for the linearized Poisson-Boltzmann equation and a range of 
molecular systems. Finally, we discuss how the methodology can be employed for the 
solution of non-linear problems.
[1] Kilic,M.S., Bazant, M.Z., Phys. Rev. E, 75, 2007, 021502.

S18 159

Towards a combined QM/MM and implicit solvent description of 
photoelectrochemical surface processes

* Markus Sinstein1, Daniel Berger2, Harald Oberhofer1, Volker Blum3, Karsten Reuter1

1) Technische Universität München, 85747 Garching, Germany 
2) University of California, Los Angeles, CA 90095, USA 
3) Duke University, Durham, NC 27708, USA 

Photoelectrochemically driven redox reactions like water splitting or CO2 reduction at solid 
photocatalysts are prominent examples for energy-conversion from abundant sunlight into 
solar-fuel type chemical compounds. A detailed analysis of the involved elementary 
processes via first-principles calculations is challenging due to the necessity to simultaneously 
account for the extended semiconductor surface and the liquid electrolyte. Going beyond 
traditionally assumed proton-coupled electron transfer (PCET) mechanisms one may 
furthermore face charged intermediate states. In periodic boundary conditions, the latter 
introduce difficult to control finite size errors which we avoid by using a solid state QM/MM 
embedding approach [1]. Additionally, a significant stabilization of such charged intermediate 
states due to the polar liquid environment is to be expected. This necessitates a method able 
to capture electrostatic solvent effects whilst being computationally inexpensive in order to 
e.g. allow for efficient catalyst screening. To this end, we combine the QM/MM embedding 
scheme with an implicit solvation scheme based on the multipole expansion method [2] 
within the DFT package FHI-aims. We demonstrate this approach on the photo-electrocatalytic 
oxygen evolution reaction on (defected) TiO2 surfaces.
[1] D. Berger et al., J. Chem. Phys. 141, 024105 (2014).
[2] D. Rinaldi et al., J. Chem. Phys. 120, 2343 (2004).
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S18 160

Electrode - electrolyte interface under controlled chemical 
potential 

* Osamu Sugino1

1) Institute for Solid State Physics, the University of Tokyo 

Understanding the chemical reactions occurring at the electrode/electrolyte interface has 
long been challenging electrochemists. Contrary to the simple reaction equation, such as O2 
+ 4H+ 4e− → 2H2O, the atomic detail is complicated by reaction environments, such as the 
bias potential, concentration of ions in the solution, and structure of the surface adsorbed by 
reaction intermediates. Despite increasing number of the electrochemical and the 
spectroscopic measurements as well as the first-principles (FP) simulations, the understanding 
is still far from complete. In this context, we have been developing a FP molecular dynamics 
(FP) schemes [1,2]. In this presentation, we will show methods of modeling the electrode/
electrolyte interface using screening continuum [1] and controlling the bias potential on the 
fly [2], and then show some results obtained by those simulation methods; such as the effect 
of the solvent fluctuation (or the shot-noise) on the reaction at a mesoscopic electrode, and 
the effect of the surface coverage on the dominant reaction mechanism. We will also discuss 
importance of approaching this non-equilibrium and open-system phenomenon using 
advanced statistical physics methods.
[1] I. Hamada et al., Phys. Rev. B 88 155427 (2013).
[2] N. Bonnet et al., Phys. Rev. Lett. 109, 266101 (2012).

S18 161

Modelling of the Electric Double Layer at Electrified Interfaces

* Chao Zhang1, Michiel Sprik1

1) Department of Chemistry, University of Cambridge, Lensfield Rd, Cambridge CB2 1EW, United 
Kingdom 

Most earth-abundant metal oxides are only stable in alkaline solution (pH 14). Modeling and 
simulation of the electric double layer (EDL) formed by deprotonation of adsorbed water and 
hydroxide ions at the metal oxide electrode/electrolyte interfaces is therefore an integral part 
of optimizing the cost efficiency of energy conversion. We are developing a new method for 
the modelling of EDL at electrified interfaces in supercells under full 3D periodic boundary 
conditions based on concepts and methods from Vanderbilt\’s modern theory of polarization. 
In this presentation we will discuss a feasibility study using classical force fields based 
molecular dynamics. 

At high ionic strength, the key quantity characterizing EDL is the Helmholtz capacitance 
CH. It is known that CH depends critically on the polarity and the width of the oxide surfaces 
in a periodic system. By comparing various ways of computing capacitance CH, we attempted 
to understand the corresponding electrostatics behind. This would provide a valuable basis 
for the follow-up modelling of EDL at metal oxide/electrolyte interfaces with density functional 
theory based molecular dynamics.
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S18 162

Computational investigations of transport mechanisms across 
battery interfaces

* Simon Loftager1, Juan María García Lastra1, Tejs Vegge1

1) Technical University of Denmark, Energy Conversion and Storage 

The increasing demand for efficient energy-storage materials calls for improvements on 
present-day lithium-ion battery technologies. As the rate capability of the positive electrode 
is often the limiting factor for the performance of the battery, obtaining a fundamental 
understanding of the electrochemical reactions at the interfaces of the battery is crucial in 
order to improve upon next-generation batteries.

 In this study, the effects of coating the positive-electrode material, LixFeBO3, is investigated 
through density-functional-theory calculations. Calculations indicate no appearance of 
kinetic barriers for Li-ion diffusion into FeBO3 across a carbon coating as seen in Fig. 1(a), 
thus enabling protection and good electronic conduction to the active cathode material 
without compromising the rate capability of the battery.

 A carbon coating has in other studies been shown to enhance the electrochemical 
performance by increasing the electronic conductivity of the positive electrode. In order to 
determine which of the transport mechanisms is rate-limiting in LixFeBO3, studies of the 
electronic or ionic transport mechanisms have also been conducted within this project, 
showing strong evidence of electrons and holes being mediated by polaron hopping with 
resulting barriers, see Fig. 1(b)-(d).
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S18 163

Calculations of Work Function Using a Green Function 
Implementation of DFT for Semi-Infinite Solids

* Søren Smidstrup1, Tushar K Ghosh2, Elvar Ö. Jónsson2, Kurt Stokbro1, Hannes 
Jónsson2,3

1) QuantumWise A/S, Copenhagen,Denmark 
2) Centre of Excellence in Computational Nanophysics (COMP), Department of Applied Physics, 

Aalto University, Finland 
3) Faculty of Physical Sciences, University of Iceland 

Results of calculations using a Green function implementation of DFT for describing surfaces 
of semi-infinite solids are presented. Work function of several metals and semiconductors 
has been evaluated and the results compared with results using the usual slab models. In 
the Green function approach, the system is divided into two regions: (A) the bulk represented 
by a minimal unit cell and subject to 3D periodic boundary condition, and (B) a surface 
region represented by a few atomic layers subject to 2D periodic boundary conditions. This 
represents a more accurate description of a surface than the slab model. Figure (a) shows 
a comparison of the calculated results using the Green function approach as implemented 
in ATK with an atomic basis set (double zeta polarized) and results of slab calculations using 
VASP. Also, experimental results are shown for completeness. The convergence of the 
Green function calculations with respect to the number of layers in region B is smooth and 
systematic as opposed to the oscillatory behaviour often observed in slab calculations, as 
shown for Ag(100) in figure (b). The computational effort in reaching convergence using the 
Green function approach is typically an order of magnitude smaller than for slab calculations.
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S18 164

Microscopic conversion reaction mechanisms of Na/S and Na/
FeS2 batteries

* Hiroyoshi Momida1,2, Tomoki Yamashita2, Tamio Oguchi1,2

1) ISIR, Osaka University 
2) ESICB, Kyoto University 

Li/S and Na/S batteries have long attracted much interest because of their high energy 
densities, and the latter battery has recently appealed several advantages from a viewpoint 
of the abundant materials resources. The Na/S batteries are typically operated at high 
temperatures, potentially causing safety problems. Thus solid Na/S batteries working at low 
temperatures have been considered to be technologically of great importance.

To theoretically estimate battery performances of solid Na/S system, we study structural 
and electronic properties of α-S and Na2Sx (x = 1, 2, 4, and 5) crystals by the first-principles 
calculations. The results of energetics and electronic structures show that all the calculated 
Na2Sx crystals are insulating and are stable relative to the elemental Na and S phases. We 
estimate voltage curves as a function of the Na concentration of the solid Na/S battery, and 
the result predicts mainly three voltage plateaus.

Recently, it is also reported experimentally that Na/FeS2 batteries can have comparable 
performances to the Na/S batteries. To clarify atomistic conversion reaction mechanism of 
the Na/FeS2 system, we calculate voltages and x-ray absorption spectra for Na-S, Fe-S, and 
Na-Fe-S solid systems, and compare with the experimental results. We theoretically propose 
discharge reaction equations in Na/FeS2.

S18 165

Understanding the catalytic activity of large polyhedral 
nanoparticles from first-principles

* Gian Giacomo Asara1, Lauro Oliver Paz-Borbon2, Francesca Baletto1

1) Department of Physics, King’s College London 
2) Istituto de Fisica, Universidad Nacional Autonoma de Mexico (UNAM) 

Proton exchange membrane fuel cells (PEMFC) will represent a green alternative for energy 
conversion once cheaper and more resistant substitutes of platinum electrodes are produced, 
using for example Pt nanoparticles and Pt-containing nanoalloys. [1]

The roadmap presented here overcomes the “size gap” between nanocatalysts 
synthesized in the laboratory and computational models helping experimentalists in 
understanding at molecular level the processes occurring at the electrodes interface. [2]

It implies:
(i) recognition of all inequivalent adsorption sites characterizing the real nanocatalysts;
(ii) the prediction of how their number varies against nanoparticle size;
(iii) the identification of the smallest cluster with all the relevant sites on which perform the 

study of the reaction profile;
(iv) the extrapolation of the behaviour at experimental relevant sizes.
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Density-functional results obtained on several Pt, Ni and Pt-Ni nanomorphologies in the 
gas phase or deposited on MgO are reported as a paradigmatic example. [3]
[1] B. Roldan Cuenya, et al., Surface Science Reports 70 (2015) 135; V. R. Stamenkovic, et al., Sci-

ence, 2007, 315, 493.
[2] J. K. Norskov, et al., Nat. Chem., 2009, 1, 37; M. Shao et al. Chem Comm., 2014, 50, 2173.
[3] G. G. Asara et al., in preparation

S18 166

Electro-oxidation of methanol on a Pt electrode with an implicit 
solvation method

* Sung Sakong1, Axel Groß1

1) Institute of Theoretical Chemistry, Ulm University, Ulm, Germany

In spite of the increasing interest in the technology of energy storage and energy conversion 
using electrochemical processes, the theoretical treatment of structures and processes at 
electrode surfaces by first-principles methods is hampered by practical and fundamental 
difficulties, such as the demand for efficient thermodynamic averaging to determine properties 
of liquid electrolytes, and the missing definition of the electrode potential within electronic 
structure theories. In order to address the electrochemical processes within the conventional 
density functional theory framework, effective solvation methods can be applied as a 
numerically attractive on various levels of accuracy. If solute and solvent parts are assumed 
in thermodynamic equilibrium, it might be sufficient to consider only averaged contributions 
of the solvent to the solute. These averaged contributions of solvent molecules can be 
calculated using computationally efficient an implicit dielectric continuum.

As a practical application of the implicit solvation method to describe electrochemical 
reactions, we present the electro-oxidation of methanol on Pt(111) electrode which 
corresponds to the anode reaction occurring in direct methanol fuel cells, while the 
electrochemical environment is parametrized within the concept of the computational 
hydrogen electrode as suggested by Norskov.

S18 167

Oxygen electrocatalysis on single-atom Pt/TiN nanocatalyst

* Young-Joo Tak1, Dong-Hee Lim2, Aloysius Soon1

1) Department of Materials Science and Engineering, Yonsei University, Seoul, South Korea 
2) Department of Environmental Engineering, Chungbuk National University, Cheongju, Korea 

Platinum is one of the most broadly used catalyst for many chemical reactions (e.g. oxygen 
reduction reaction). Although its great reactivity, platinum catalysis has not met enthusiastic 
reception from industry due to its high price. Pt/C catalyst is widely used to come over this 
problem, but still considered as an imperfect solution because of its poor stability [1]. 
Recently, platinum single-atom catalyst with TiN support has suggested and proved to be 
stable on the N vacancy site of TiN support under N-lean condition [2]. In this work, we 
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present density-functional theory study of the oxygen reduction reaction (ORR) on single Pt 
atom embedded on the surfaces of TiN(100) within the computational hydrogen model [3]. 
Guided by recent experiments, we also investigate and explore the possible influence of co-
adsorbed halogen species on the ORR intermediates on Pt/TiN(100). 
[1] Z. Peng and H. Yang, Nano Today 4 143 (2009)
[2] R. Q. Zhang, T. H. Lee, B. D. Yu, C. Stampfl and A. Soon, Phys. Chem. Chem. Phys. 14 16552 

(2012)
[3] J. K. Nørskov, J. Rossmeisl, A. Logadottir and L. Lindqvist, J. Phys. Chem. B 108 17886 (2004)

S18 168

Water Adsorption and Dissociation on Gallium-oxide covered 
Hematite surfaces

* Kanchan Ulman1, Manh-Thoung Nguyen1, Nicola Seriani1, Ralph Gebauer1

1) The Abdus Salam International Center for Theoretical Physics, Trieste, Italy

Photodriven water splitting is an ideal way of converting solar energy in the form of gaseous 
hydrogen. Hematite is a good candidate for photo-anode material for this reaction. The 
bandgap of hematite is ideal for photoelectrochemical applications. However, there are 
many challenges in using hematite, viz. low conductivity, short lifetime of photogenerated 
holes, etc. A major reason for the high recombination rates of the photogenerated charge 
carriers, is the presence of surface trapping states at the hematite surface. Experiments 
propose that these surface states can be passivated by overlayers of other metal oxides like 
e.g. Ga2O3 on hematite.

We study the properties of Ga2O3 overlayers on hematite surface, using first principles 
density functional theory based calculations. We establish an understanding about the 
stability of these overlayers under different oxygen concentrations, and of the growth of 
these layers on hematite. We find that even one monolayer of gallium-oxide is sufficient for 
the passivation of the surface trapping states. We also look at the electronic properties of 
different number of Ga2O3 overlayers on hematite. Further we study adsorption and 
dissociation of water molecules on these composite system and compare our results with 
those observed on pure hematite surfaces.

S18 169

DFT challenges in modelling organic solvent/cathode interfaces: 
the case of lithium manganese oxide

* Ivan Scivetti1, Gilberto Teobaldi1

1) The Stephenson Institute for Renewable Energy, University of Liverpool 

Lithium manganese oxide (LMO) as cathode material in rechargeable Li-ion batteries is 
being considered as a beneficial alternative to conventional cobalt-based designs. However, 
its implementation has been hampered due to its degradation upon cycling that leads to 
power fade and irreversible capacity loss. 
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Although experiments reveal structural changes in the bulk region of LMO upon cycling, 
relatively little is known about the electrochemical reactions leading to cathode degradation. 
In spite of a limited number of studies focusing on electrolyte decomposition [1,2], the 
problem of organic solvents over LMO surfaces has not been considered in much detail. 
Here, we present a van der Waals corrected DFT+U and DFT+(U-J) investigation of LMO 
surfaces exposed to two standard electrolyte solvents: ethylene carbonate (EC) and dimethyl 
carbonate (DMC). Surface energetics and electronic structure allow to evaluate the role of 
the solvent based on comparison with results of vacuum-exposed LMO surfaces. Computation 
of possible mechanisms that could be involved in LMO degradation, and their dependence 
on the simulation protocol, are presented and discussed. 

[1] K. Leung, JCPC (2012), 116, 9852-9861. 
[2] N. Kumar, K. Leung and D. J. Siegel, J. Electrochem. Society, 161 (8), E3059-E3065 (2014).



Ψk-2015

408 Abstracts of  Poster Session 1 •  Monday, September 7,  2015

S18 170

DFT-based high-throughput screening of electrocatalyst for 
carbon dioxide reduction

* Hyeyoung Shin1, Hyung-kyu Lim1, Hyungjun Kim1

2) 1) Graduate School of Energy, Environment, Water, and Sustainability (EEWS), Korea Advanced 
Institute of Science and Technology (KAIST), Yuseong-gu, Daejeon 305-701, Korea 

The electrochemical conversion of carbon dioxide (CO2) into useful chemicals has been 
widely studied for renewable and sustainable energy. However, there is not yet a solution for 
high enough efficiency and stability to demonstrate practical applicability. In this work, we 
use density functional theory (DFT)-based high-throughput screening to propose silver-
based catalysts for efficient electrochemical reduction of CO2 to CO while decreasing the 
overpotential by 0.4-0.5 V. We discovered the covalency-aided electrochemical reaction 
(CAER) mechanism where p-block dopants have a major effect on modulating reaction 
energetics by imposing partial covalency into the metal catalysts, thereby enhancing their 
activity well beyond modulations arising from d-block dopants. Particularly, sulfur or arsenic 
doping can effectively minimize the overpotential with good structural and electrochemical 
stability. We expect that this work can provide useful insights to develop a feasible strategy 
to overcome the limitations of current technology for electrochemical CO2 conversion.

S18 171

Valency Change of Metal Center and its Effect on Overpotential of 
Oxygen Reduction Reaction at Porphyrine-derived 
Electrochemical Catalysts

* Sungmin Kim1, Hyungjun Kim1

1) Korea Advanced Institute of Science and Technology, Daejeon, Korea 

Toward the practical use of polymer electrolyte membrane fuel cells (PEMFC), it is important 
to develop cost-effective and durable oxygen reduction reaction (ORR) catalysts. As such, 
many researchers are developing nonprecious electrochemical catalysts for ORR to 
substitute Pt. Among them, metal-porphyrine impregnated carbon catalysts have been 
demonstrating high ORR catalytic activity with enhanced durability, particularly Fe-porphyrine 
or Co-porphyrine systems.

For the mechanistic understanding of catalytic activity, many experimental studies have 
been pursued, and Me-N4 (Me=Fe or Co) sites are often discussed as the catalytic active 
sites for ORR. On top of this, theoretical studies have suggested a sequential proton coupled 
electron transfers (PCET) to O2 to yield H2O. Considering the characteristic distinction of 
Me-N4 active sites where the change of oxidation number is accompanied from that of 
metallic active sites, however, it should be theoretically and carefully reexamined whether 
the similar sequential PCET will be responsible for porphyrine-derived catalysts.

In this study, we used density functional theory calculations to challenge such a question, 
and thus to provide mechanistic understanding on the source of overpotential. By calculating 
the required electrochemical potentials for the pathways with PCET, PTET (proton transfer 
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and electron transfer), and ETPT (electron transfer and proton transfer), and by comparing 
them with experimental potentials, we discuss the ORR mechanism of Fe-porphyrine derived 
electrochemical catalytic systems.

S18 172

Toward efficient electrochemical conversion of CO2: catalyst 
design accelerated by simulation-based screening

* Hyungjun Kim1, Hyung-Kyu Lim1, Hyeyoung Shin1

1) Korea Advanced Institute of Science and Technology 

CO2 conversion is an essential technology to develop a sustainable carbon economy for the 
present and the future. Many studies have focused extensively on the electrochemical 
conversion of CO2 into various useful chemicals. However, there is not yet a solution 
sufficiently high enough efficiency and stability to demonstrate practical applicability. A key 
obstacle here is mostly due to the limited performance of the catalysts in terms of activity, 
stability, etc. To improve and tailor the catalytic properties, it is thus required to understand 
the operational mechanism of the various possible CO2 reduction pathways and identify the 
mechanistic role of catalysts. In this talk, we use high-throughput quantum mechanics (QM) 
catalyst screening to discover new catalysts expected improve the performance of the 
electrochemical CO2-to-CO conversion by decreasing the overpotential by 0.4-0.5 V [1]. We 
expect this work to provide useful insights to guide the development of a feasible strategy to 
overcome the limitations of current technology for electrochemical CO2 conversion.

[1] H.-K. Lim, H. Shin, W. A. Goddard, Y. J. Hwang, B. K. Min, and H. Kim, J. Am. Chem. Soc., 2014, 
136, 11355-11361.
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S18 173

Further insights on solvent effects for the Ferrocene Self-
Assembly Monolayers on Au(111) 

*Filipe Camargo Dalmatti Alves Lima1, Arrigo Calzolari2, Marília Junqueira Caldas1, 
Helena Maria Petrilli1

1) University of São Paulo, Institute of Physics, Department of Mechanics and Materials Physics, 
Brazil 

2) CNR-NANO Istituto Nanoscienze S3 National Center, Modena, Italia 

Experimental investigations show that electron transfer in peptides can occur across long 
distances by separating the donor from the acceptor. This mechanism can be further fostered 
by the presence of electron donor terminations of Fc terminal units on SAMs[1]. Using 
ferrocenyl-glycylcystamine (Fc-Gly-CSA) on the Au(111) as a model, we reported evidences 
of electron tunneling as the main mechanism for the electron transfer using ab initio methods 
[2]. Here we address the investigation of different solvent configurations using the same 
system. For this purpose, we employed the Kohn Sham (KS) scheme for the Density 
Functional Theory (DFT). The analysis of the density of states for the configurations show 
that electronic states projected on Fc-Gly-CSA are persistent although fluctuations of the 
solvent states are found. These results suggest that the charge transfer mechanism of the 
system Fc-Gly-CSA@Au(111) is not influenced by the solvent configurations.
[1] Shah, A. et al. Electron transfer in peptides. Chem. Soc. Rev. 44, 1015–1027 (2015).
[2] Lima, F. C. D. A. et al. Electronic Structure of Self-Assembled Monolayers Modified with Ferrocene 

on a Gold Surface: Evidence of Electron Tunneling. J. Phys. Chem. C 118, 23111–23116 (2014).

S18 174

A joint first principles and ATR-IR study of the vibrational 
properties of interfacial water at Si(100):H-H2O solid-liquid 
interfaces

* Fang Niu1, Lei Yang1, Stefanie Tecklenburg1, Simantini Nayak1, P. Ulrich 
Biedermann1, Andreas Erbe1, Stefan Wippermann1, Francois Gygi2, Giulia Galli3

1) Max-Planck-Institut fuer Eisenforschung 
2) University of California, Davis 
3) University of Chicago 

Understanding the structural and bonding properties of solid-liquid interfaces is crucial for a 
wide range of (photo-)electrochemical applications, such as e. g. solar water splitting and 
electrolysis. However, there are no experimental techniques presently available allowing 
one to directly probe the microscopic structure of solid-liquid interfaces.

We present a joint investigation of the vibrational properties of interfaces between liquid 
water and prototypical semiconductor substrates, i.e. hydrogenated silicon surfaces. We 
carried out attenuated total internal reflection (ATR-IR) spectroscopy measurements and ab 
initio molecular dynamics simulations. Our study highlights the key role of coupled theory-
experimental investigations on well controlled and characterized interfaces, in order to 
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develop robust strategies to interpret experiments and validate theory. G. G. and F. G. 
acknowledge DOE-BES Grant No. DE-SS0008939. 

S1 001
S18 175

DFT-MD study of highly concentrated Li-salt electrolyte for 
electrochemically stable and fast-charging lithium-ion batteries

* Keitaro Sodeyama1, Yuki Yamada2, Atsuo Yamada2, Yoshitaka Tateyama3

1) Elements Strategy Initiative for Catalysts & Batteries (ESICB), Kyoto University 
2) Department of Chemical System Engineering, The University of Tokyo 
3) International Center for Materials Nanoarchitectonics (MANA), National Institute for Materials 

Science (NIMS) 

Li-salt concentration has been recently proposed as an important control parameter of 
reduction stability of electrolytes and high ion conductivity in Lithium-ion battery1. We 
investigated low (LC) and high (HC) concentration systems of LiN(SO2CF3)2 (Li-TFSA) salt 
in acetonitrile (AN) solution by DFT-MD sampling with extra electron(s), to elucidate the 
mechanism of the reduction stability improvement of AN solvent. We demonstrated that 
TFSA anions sacrificially accept the reductive electron at HC condition due to the resulting 
shift of electron affinity of the anions. We also found that AN molecule does not decompose 
by 1e reduction in LC condition (Fig.1) 2. For the calculation of the reaction free energy 
profile, blue-moon ensemble technique was adopted. The 1e reduction stability hinders 2e 
reductive decomposition of AN, leading to improved electrochemical stability. Regarding the 
high Li-ion conductivity, we calculated the diffusion coefficients of Li-ions by DFT-MD 
simulations, and found that the diffusion mechanism varies from the vehicle regime to the 
hopping at HC condition. It is the origin of the high Li-ion conductivity in HC electrolytes.

[1] Y. Yamada, K. Sodeyama, et al., J. Am. Chem. Soc., 136, 5039 (2014).
[2] K. Sodeyama, et al., J. Phys. Chem. C, 118, 14091 (2014).
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S18 176

An ab initio perspective on the initial stages of corrosion on Mg 
surfaces

* Su-Ting Cheng1, Mira Todorova1, Jörg Neugebauer1

1) Max-Planck-Institut für Eisenforschung GmbH 

The annual cost due to corrosion worldwide is over 3% of the world’s GDP [1]. Understanding 
the mechanisms governing corrosion is therefore of utmost importance, in view of improving 
corrosion protection. Corrosion of Mg is of interest both in contexts of corrosion protection, 
since it is used, e.g., as a sacrificial electrode, as well as for its utilisation in medical 
applications. Studying Mg corrosion is, however, challenging: its fast reaction rate renders 
decoding the corrosion mechanism in elementary steps difficult. Modelling can help in this 
aspect and shed light into various stages of Mg corrosion.

Using density-functional theory calculations we study the adsorption of water and its 
derivatives on the Mg (0001) surface. Using the obtained energies we construct a surface 
Pourbaix diagram, which allows us to predict and discuss the formation of corrosion phases 
depending on the different conditions.
[1] World Corrosion Organisation (http://corrosion.org/).

S18 177

Chemical reactivity of metal-supported ceria thin films: A DFT+U 
study

* Lucie Szabova1,2, Yoshitaka Tateyama1, Vladimir Matolin2, Stefano Fabris3,4

1) International Center for Materials Nanoarchitectonics (WPI-MANA), National Institute for 
Materials Science (NIMS), Tsukuba, Japan. 

2) Charles University in Prague, Czech Republic 
3) CNR-IOM DEMOCRITOS, Istituto Officina dei Materiali, Consiglio Nazionale delle Ricerche, 

Trieste, Italy 
4) Scuola Internazionale di Studi Avanzati (SISSA), Trieste, Italy 

The present work is a theoretical analysis based on numerical density functional theory 
(DFT+U) simulations investigating the physical and chemical properties of ultrathin ceria 
films supported by Cu(111) as well as properties of water/ceria interfaces. Such materials 
exhibit high activity towards important reactions in heterogeneous catalysis such as water-
gas shift and CO oxidation, with important applications also for renewable energy technologies 
such as fuel cells.

We provide evidence of the influence of film thickness on the electronic and structural 
properties as well as on the reactivity of new materials consisting of ultrathin ceria films 
supported on Cu(111). The calculations show that one monolayer film of ceria on Cu exhibits 
differences in strain buildup, charge and atomistic structure compared to thicker supported 
films due to the pronounced finite size effects when the limiting thickness of the oxide and 
proximity of the metal substrate cause significant rearrangement of charges [JPCC 
116,6677,2012]. The adsorption and dissociation properties of water are strongly affected by 
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the film thickness and charge which govern both the relative stability of molecular and 
dissociative water adsorption as well as the stability of water adsorbed on films of different 
thicknesses [JPCC 119,2537,2015].

S18 178

Crystal Structure Predictions on NaxC6O6 for Sodium-ion 
Batteries

* Tomoki Yamashita1, Hiroyoshi Momida2, Tamio Oguchi2

1) Elements Strategy Initiative for Catalysts and Batteries, Kyoto University 
2) Institute of Scientific and Industrial Research, Osaka University 

Sodium rhodizonate (NaxC6O6) is one of the most promising organic cathode materials owing 
to significant advantages of its natural abundance and good electrochemical properties. 
Intercalation reactions in range of 2≤x≤4 in NaxC6O6 are observed in experiments[1]. 
However, its crystal structures during the discharge/charge cycle still remain unclear. In 
addition, the atomistic mechanisms of the discharge/charge reactions are unsettled. In this 
work, density functional theory calculations in conjunction with an evolutionary algorithm[2] 
are performed in order to predict stable crystal structures of NaxC6O6 (x = 2, 2.5, 3, 3.5, 4).

Our calculations of the crystal structure predictions turned out to find a new stable crystal 
phase: π–π stacking of C6O6 molecules is stabilized in 2<x≤4. The calculated voltages with 
Na desertion/insertion in this phase are consistent well with experimental results. 
Dependences of exchange-correlation functionals including van der Waals corrections for 
the structural stability and electronic structures of NaxC6O6 are also discussed. Our predictions 
could be the key to understanding the discharge/charge mechanisms of NaxC6O6.
Reference:
[1] K. Chihara et al., Electrochim. Acta 110, 240 (2013).
[2] A. O. Lyakhov et al. Comp. Phys. Comm. 184, 1172 (2013).
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S18 179

Water in two dimensions 

* Tanglaw Roman1, Axel Groß1

3) 1) Institute of Theoretical Chemistry, Ulm University, 89069 Ulm, Germany 

The properties of the contact layer of water/ice on solid surfaces is still a very wide open 
topic – even the most basic spatial motifs and molecular orientations are all very much up 
for discussion. In response to the need for a deeper understanding of interfaces involving 
water, we present in this meeting a systematic sweep of structural possibilities of water in 
two dimensions using density functional theory complemented with dispersion corrections, 
screening one and two-layer structures over different symmetries. Starting with free-standing 
models, calculations yield structures that differ from those previously reported using classical 
molecular dynamics, and include several structures which we find more stable than the 
traditional hexagonal bilayer. Results are discussed with respect to observed water structures 
confined within hydrophobic walls, and on how these impact our understanding of water 
structure at solid surfaces of varying symmetries and reactivities.

S18 180

Phase stability of the ZnO(0001) surfaces in contact with liquid 
water: A first-principles approach

* Su-Hyun Yoo1, Mira Todorova1, Joerg Neugebauer1

1) Department of Computational Materials Design, Max-Planck-Insitut fuer Eisenforschung, Max-
Planck-Strasse 1, D-40237 Duesseldorf, Germany 

Zinc oxide is a wide bandgap semiconductor, which is intensively studied due to its various 
applications in different fields, such as (photo-)catalysis, protective coating, optoelectronics 
and others. Understanding the impact a humid or an aqueous environment has on the 
properties of this material is important in the context of several of these applications. Focusing 
on the polar Zn terminated ZnO(0001) surface, we study the stability of surface phases 
combining density functional theory calculations with thermodynamic concepts. We 
supplement our previous studies on the stability of surface phases of ZnO(0001) in dry and 
humid environment [1] by considering the contact with liquid water. We model the liquid 
water film by an implicit water solvation model [2] and use our thermodynamic model [3] to 
construct surface Pourbaix diagrams for the investigated ZnO surface. The thus constructed 
phase diagrams provide direct insight into the impact of water on the structure and stability 
of the various ZnO surface reconstructions.
[1] M. Valtiner, M. Todorova, G. Grundmeier, and J. Neugebauer, Phys. Rev. Lett. 103, 065502 (2009).
[2] M. Fishman, H. L. Zhuang, K. Mathew, W. Dirschka, and R. G. Hennig, Phys. Rev. B 87, 245402 

(2013).
[3] M. Todorova and J. Neugebauer, Phys. Rev. Applied 1, 014001 (2014).
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S18 181

Formation Processes of Solid Electrolyte Interphase at Electrode 
Interfaces in Lithium-Ion Battery

* Yoshitaka Tateyama1,2,3, Keisuke Ushirogata4, Keitaro Sodeyama1,3, Yukihiro Okuno4

1) National Institute for Materials Science 
2) Japan Science and Technology Agency 
3) Kyoto University 
4) FUJIFILM Corporation 

LIBs with larger power density as well as higher reliability are quite demanded for next-
generation energy storage. Several key properties are governed by the quality of solid 
electrolyte interphase (SEI) formed on the interface between negative electrode and organic 
electrolyte. However, the interfacial processes have not been fully understood yet due to the 
difficulty in experimental observation. We have addressed such unresolved issues by using 
DFT-MD sampling techniques.

The SEI formation is initiated by the electrochemical decomposition of the electrolyte 
molecules such as solvents, additives, and anions. We first examined the reductive 
decomposition of the electrolyte molecules, using a representative LIB system with EC 
solvents and VC additives, and found that VC passivation to EC anion radical is more 
appropriate mechanism than the conventional scenario with sacrificial reductive 
decomposition of VC [1].

Next, we extracted stable SEI film components (SFCs), and investigated the characteristic 
of the probable SFC aggregates. We then found that they have unstable adhesion to the 
graphite electrode surface and high electronic insulation. With these results, we discuss the 
mechanism of SFC aggregate growth toward the SEI formation [2].

[1] K. Ushirogata et al. JACS 135, 11967 (2013). [2] K. Ushirogata et al. submitted.

S18 182

Kinetics of phase separating battery materials: Continuum 
processes from ab-initio calculations.

* Nicolas Georg Hoermann1,2, Axel Gross2,1

1) Helmholtz Institute Ulm (HIU) - Electrochemical Energy Storage 
2) Institute of Theoretical Chemistry, Ulm University 

The continuum description of the kinetics of phase separating battery materials is shortly 
reviewed by studying a prototypical homogeneous free energy which can e.g. describe the 
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two main (de-)lithiation pathways, via a solid solution and via a nucleation and growth 
mechanism [1]. The connection of the two phenomena with basic microscopic processes 
is pointed out. It will be shown that a lot of knowledge can be obtained from the determination 
of Li defect energies in the relevant ground-state phases of the convex hull combined with 
a consistent statistical treatment. As a result the structure and properties of electrodes for 
electrochemical energy storage during (de-)lithiation can be derived and the kinetic 
performance of Li batteries estimated by ab-initio calculations. The delithiation of Li2FeSiO4 
is studied using the described methodology, taking also into account the influence of 
surfaces [2].
[1] Malik, R., Abdellahi, A., Ceder, G., J. Electrochem. Soc., 160, A3179-A3197 (2013)
[2] Hörmann, N., Groß, A., J. Solid State Electrochem., 18, 1401-1413 (2014)

S18 183

Energy band alignment at amorphous carbon/water interfaces

* Miguel A. Caro1, Jukka Määttä1, Olga Lopez-Acevedo1, Tomi Laurila1

1) Aalto University 

In recent years, amorphous carbon (a-C) has gathered widespread attention in the context 
of electrochemical detection of biological compounds. It has a number of properties that 
makes it ideal for in vivo measurement of biomolecule concentrations. Our team has been 
researching intensively on improving the material towards optimal performance, for instance 
regarding the detection of the neurotransmitter dopamine [1], but also in a more general 
way.

As part of a combined effort, we are also working on computational simulations of a-C [2] 
and strategies towards the accurate description of the a-C/water electrochemical interface. 
We will present a computational study mixing different levels of theory: classical MD, Kohn-
Sham DFT and generalized (hybrid-functional) Kohn-Sham DFT towards a comprehensive 
and detailed simulation of energy-band alignment that aims at avoiding the different pitfalls 
and bottlenecks associated with each level of theory [3]. In this way we can increase the 
simulated system size (250ٱ C atoms + 60 H2O molecules) without critical compromise 
of energy band alignment accuracy.
[1] T. Laurila et al., Diam. Relat. Mater. 49, 62 (2014).
[2] M. A. Caro et al., Carbon 77, 1168 (2014).
[3] M. A. Caro et al., J. Appl. Phys. 117, 034502 (2015).

http://corrosion.org/
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S18 184

Space−Charge Layer Effect at Interfaces of Oxide Cathode/Buffer 
Layer/Sulfide Electrolyte in All-Solid-State Lithium-Ion Battery

* Jun Haruyama1, Keitaro Sodeyama1, Kazunori Takada1, Yoshitaka Tateyama1

1) National Institute for Materials Science (NIMS) 

All-solid-state Lithium-ion batteries (ASS-LIBs) involving inorganic solid electrolytes have 
shown good performance such as storage stability and long cycle life. In case of sulfide type 
electrolyte batteries, the maximum resistance is observed at cathode/sulfide electrolyte 
interfaces. However, interfaces with buffer layer show dramatically reduced resistance. [1] 
So we consider that the oxide cathode/sulfide electrolyte interfaces have a universal difficulty 
in the Li-ion conduction, and the interposed buffer layers solve the problem. In this study, we 
have investigated the representative oxide cathode/buffer layer/sulfide electrolyte interfaces 
with and without buffer layer. We calculated the stable structures and the electronic states 
using DFT+U method. It is found that the interposition of buffer layers introduces smoothly 
matched interface and suppresses the inhomogeneity of Li distribution. The Li chemical 
potentials based on the vacancy formation energy indicate that subsurface Li in the sulfide 
side distribute to the cathode/sulfide interspace, which suggests the space−charge layer 
growth (SCL). Furthermore, the buffer layer interposition suppresses the growth of SCL. [2]

[1] N. Ohta et al., Adv. Mater. 18, 2226 (2006). [2] J. Haruyama et al., Chem. Mater. 26, 4248 (2014). 



Ψk-2015

418 Abstracts of  Poster Session 1 •  Monday, September 7,  2015

Symp. 19: Materials Design
Organized by Nicola Marzari

Poster Area F

S19 185

Soft Norm Conserving Accurate Pseudopotentials

* Santanu Saha1, Stefan Goedecker1

1) Department of Physics, University of Basel 

Soft and accurate pseudopotentials are necessary for efficient prediction and discovery of 
new materials for different applications. Adding non-linear core correction (NLCC) along with 
semi-core states to the Goedecker pseudopotentials [1], [2] and optimizing the shape of the 
orbitals we generated soft and accurate pseudopotentials for Perdew, Burke, Ernzerhof 
(PBE)[3] functional till second period of periodic table. They have an average ∆-value of less 
than 0.2 meV/atom in Delta Test [4]. During the construction of the pseudopotential, all 
possible excited states along with the ground state of the atom are considered. Hence,it is 
transferable by construction. Benchmarking against the G2-1 Test Set we obtained average 
atomization energy error of 1.32 KCal/mol. The all-electron atomization energies for G2-1 
Test set were obtained using aug-cc-pV5Z gaussian basis set.

[1] C. Hartwigsen, S. Goedecker, and J. Hutter,Phys. Rev. B 58, 3641 (1998)
[2] A. Williand et al., J. Chem. Phys. 138, 104109 (2013)
[3] P. Perdew, K. Burke, and M. Ernzerhof, Phys. Rev. Lett. 77, 3865 (1996)
[4] K. Lejaeghere et al. Critical Reviews in Solid State and Materials Sciences 39, 1-24 (2014)

S19 186

Engineering a fully-compensated half-metallic ferrimagnet

* Mario Zic1, Thomas D. Archer1, Stefano Sanvito1, Karsten Rode2, Naganivetha 
Thiyagarajah2

1) CRANN and School of Physics, Trinity College Dublin 
2) CRANN, AMBER and School of Physics, Trinity College Dublin 

A fully-compensated half-metallic ferrimagnet (FCHMF), which offers 100% spin polarization 
and no stray magnetic field, has been a long sought material for spintronic applications. A 
significant step towards this goal was made recently [1] by doping the half-Heulser alloy Mn2Ga 
with Ru. Despite the experimental evidence of large spin polarization the prospect of having 
half-metallicity in these materials remains an open question [2]. Here we present the results of 
an extensive high-throughput DFT study of electronic properties of the Mn2RuxGa (MRG) 
compounds on the crystal structure parameters, Ru doping, site and chemical disorder. The 
enthalpies of formation of various competing MRG phases have been calculated and the 
energetically most favorable defects studied in detail. We have found an intricate interplay of 
mechanical strain, Ru concentration and defect formation, affecting both the magnetization 
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and spin polarization. Our investigation demonstrates how strain and Ru doping can be 
effectively used in conjunction, in order to recover half-metallicity in MRG compounds and 
retain the magnetization compensation, thus leading to a realization of a first FCHMF.
[1] Kurt et al., Phys. Rev. Lett. 112, 027201 (2014)
[2] Galanakis et al., J. Appl. Phys. 116, 033903 (2014)

S19 187

Functionalizing noble surfaces via self-assembled metal-organic 
and covalent nanostructures

* Andrea Floris1, Alessio Comisso2, Sam Haq3, David B. Amabilino4, Rasmita Raval3, 
Alessandro De Vita2, Lev Kantorovich2

1) CIC Energigune, Albert Einstein 48, 01510 Miñano (Álava), Spain. 
2) Department of Physics, King’s College London, London, Strand WC2R 2LS, United Kingdom. 
3) Surface Science Research Center and Department of Chemistry, University of Liverpool, 

Liverpool L69 3BX, United Kingdom. 
4) School of Chemistry, The University of Nottingham, University Park, Nottingham NG72RD, 

United Kingdom. 

Molecular assembly on surfaces is mediated by interactions of increasing strengths, allowing 
to functionalize the substrates by steering adlayers with different properties. Using DFT, we 
study the self-assembly of metal-organic adlayers of alkali and transition metals co-deposited 
with TCNQ molecules on Ag(110). Different adlayers with defined chiral and electrostatic 
properties are obtained, depending on the metal centre and the metal-organic bond [1]. This 
allows us present a novel route to fine tune the surface work function via a combination of 
alkali and fluorinated molecules, crucial for the interface level alignment [2]. We then study 
the covalent assembly of functionalised porphyrins on Cu(110). We rationalize the most 
probable chemical reactions involving different molecules and the formation of 1D structures 
whose orientation is connected to the specific functionalization. We show how the reaction 
products result from selective diffusion patterns and de-hydrogenations catalyzed by the 
substrate and activated by heating [3, 4]. We suggest more complex designs to be exploited 
in molecular devices operating in extreme conditions.

[1] N. Abdurakhmanova, A. Floris et al., Nat. Commun. (2012)
[2] A. Floris et al., ACS Nano (2013)
[3] M. In’t Veld et al., Chem. Commun. (2008)
[4] A. Floris et al., submitted (2015)
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S19 188

* First-principle studies of catalytic activity of metal-phospide 
M2P(M=Fe, Co, Ni): (0001) surfaces 

Kapil Gupta1,2, Satadeep Bhattacharjee1,2, U. V. Waghmare2, S. C. Lee1,3,4

1) Indo-Korea Science and Technology Center (IKST), Bangalore, India 
2) Theoretical Science Unit & Sheikh Saqr Laboratory, Jawaharlal Nehru Centre for Advanced 

Scientific Research (JNCASR), Bangalore, India 
3) Fuel Cell Research Center, Korea Institute of Science and Technology, Seoul Korea 
4) Electronic Materials Research Center, Korea Institute of Science and Technology, Seoul Korea 

There has been a constant effort to find a replacement to the precious metal Pt as a catalyst 
in Hydrogen Evolution Reaction (HER). Non-precious Metal phospides are found to show 
remarkable catalytic activity as compared to platinum. In this work from our first principle 
density functional calculations we discuss the electronic structure and catalytic activity of 
Ni2P(0001) surfaces. Our calculations show that Ni2P(0001) surface is catalytically more 
active than Ni(111) surface but still lesser active than Pt(111) surface. We propose microscopic 
understanding of this behavior. We further suggest possible ways to make catalytic activity 
of Ni2P(0001) surface comparable to that of Pt surfaces as an attempt to possibly replace Pt 
as an electrode in fuel cells. We also discuss a relative comparison among Fe2P(0001), 
Co2P(0001) and Ni2P(0001) surfaces

S19 189

Novel rare-earth-free hard-magnetic materials

* José A. Flores-Livas1,2

1) Max-Planck Institut für Microstrukture Physics 
2) University of Basel 

It is difficult to over state the importance of hard magnets for human life in modern times; 
they enter every walk of our life from medical equipments (NMR) to transport (trains, planes, 
cars, etc) to electronic appliances (for house hold use to computers). All the known hard 
magnets in use today contain rare-earth elements, extraction of which is expensive and 
environmentally harmful. Rare-earths are also instrumental in tipping the balance of world 
economy as most of them are mined in limited specific parts of the world. Hence it would be 
ideal to have similar characteristics as a hard magnet but without or at least with reduced 
amount of rare-earths. This is the main goal of our work: search for rare-earth-free magnets. 
To do so we employ a combination of density functional theory and crystal prediction 
methods. The quantities which define a hard magnet are magnetic anisotropy energy (MAE) 
and saturation magnetization (Ms), which are the quantities we maximize in search for an 
ideal magnet. In my talk I will present details of the computation search algorithm together 
with some potential newly discovered rare-earth free hard magnet.
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S19 190

Study of hydrogen bonds in LDH MgAl-OH through Born charges.

* Cristina Cuautli1, Joel Ireta1

1) Universidad Autonoma Metropolitana - Iztapalapa, México 

The Layered Double Hydroxides (LDH) are lamellar materials with current and potential 
applications. Layers are composed of a mixture of divalent an trivalent cations that leads to 
a net positive charge compensated by anions located in the interlayer space. In order to 
understand how the composition modulate the MgAl-OH LDH properties it is investigated 
the hydrogen bonds (hbs) formed between the anion and the layer hydroxyl groups using 
Born charges. 

A Born charge is a proportionality coefficient between the change in dipole moment and 
an atomic displacement under the condition of zero macroscopic electric field. These contain 
information of the electrostatic interactions, charge transfer and polarization of the perturbed 
bond. First we show that Born charges adequately describe hbs in model systems: infinite 
chains and dimers of HCN, 4-Pyridone, Formamide and acetylene. We found that H atoms 
with Born charges larger than 0.25e form hbs, and the magnitude of the Born charges 
increases as the hbs become stronger. Next we show that in LDHs not all H atoms that fulfill 
the standard hb geometric criteria actually form them.
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S19 191

How is Transmetallation Reaction Mechanism helpful for Cu 
deposition in nanometer scale?

* Gangotri Dey1, Simon Elliott2

1) University of Iceland, Iceland 
2) Tyndall National Institute, University College Cork, Ireland 

Atomic layer deposition (ALD) is a process for depositing highly uniform and conformal thin 
films by alternating exposures of a surface to vapours of two chemical reactants. ALD 
processes have been successfully demonstrated for many compounds but for very few pure 
metals. Copper is replacing aluminium in electronic interconnect because of its good 
conductivity and superior resistance to electro-migration. But a continuous thin layer (~2 nm 
is needed for seed layers) is very difficult to deposit, even with ALD, because of the tendency 
of copper to agglomerate into islands.

A new ALD process for Cu has been developed by Lee et al. based on the following 
transmetallation reaction:

Cu(dmap)2 + Et2Zn -àCu0 + Zn(dmap)2 + C4H10.................(1)
The applicability of transmetallation ALD has been extended to other ligands and co-

reagents. A solution phase study revealed the possible mechanism and reaction intermediates.
We are studying theoretically how the transmetallation mechanism works via quantum 
chemical (DFT) calculations using the TURBOMOLE package. The mechanism in the 
solution phase as well as during the surface ALD process is studied. We examine the intrinsic 
reactivity of the transmetallation precursors (gas-phase model) and explicitly model how 
they react with a copper metal surface (cluster model of surface), using both geometry 
optimisation and molecular dynamics at the DFT level.
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S19 192

Density Functional Theory study of newCu(I)carbene compounds 
as prospective precursors for Cu ALD

* Gangotri Dey2, Simon Elliott1

1) Tyndall National Institute, University College Cork, Ireland 
2) University of Iceland, Iceland 

A very thin layer (~ 2nm) of metallic Cu is needed by the semiconductor industry to be used 
as a seed layer for the electrodeposition of Cu. An ideal technique to deposit it will be Atomic 
Layer Deposition (ALD), if continuous films can be produced at low temperatures. Several 
innovative precursors have been proposed for Cu ALD. Cu(I) compounds were proposed by 
few authors. In our previous work we have found that Cu(I) compounds are formed as an 
intermediate at the surface even when Cu(II) compounds are the initial precursor. This gives 
a reason for investigating Cu(I) compounds as precursors for ALD of the metal.

In our work, we explore through Density Functional Theory (DFT) whether various Cu(I)
carbene complexes can be suitable ALD precursors (Figure 1). A carbene containsa neutral 
carbon atom with a valence of two, leaving two unshared valence electrons.As a ligand, the 
carbene is neutral.We have studied N-heterocyclic carbenes (represented as NHC 
henceforth) that conjugate with Cu in order to form complexes of the type (NHC)CuX, where 
X = various anions such as OEt, N(SiMe3)2. The Cu carbene precursors that we have studied 
varyin terms of conjugation and steric hindrance in the carbene moiety and in terms of 
identity of the anion.

S19 193

Defect-induced faceted phosphorene nanotubes

* Yierpan Aierken1, Ortwin Leenaerts, Francois Peeters
1) University of Antwerp

Phosphorene was recently proposed as a new member of the ever increasing family of two-
dimensional materials. The buckled nature of the phosphorene sheets gives rise to various 
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possible structural phases, such as black and blue phosphorene. Similar to graphene, it is 
also possible to create nanotubes from the phosphorene sheets. Due to the buckled nature 
of the phosphorene family, the traditional rolled-up nanotubes can be modified in various 
ways. As shown by Guan et al. [1], it is possible to join different structural phases of 
phosphorene to create so-called faceted nanotubes which can be more stable than simple 
rolled-up tubes. In our work, we took a different approach to construct more stable 
phosphorene nanotubes. We started from (single-phase) blue phosphorene sheets and 
introduced various defect lines to induce kinks with well-defined angles in the system. 
Combining the defect lines in appropriate ways leads to faceted blue phosphorene nanotubes 
with low formation energies. We investigated the stability and electronic properties of these 
faceted tubes and compared them to the traditional rolled tubes and the faceted multiphase 
tubes. 

[1] J. Guan, Z. Zhu, and D. Tomnek, Phys. Rev. Lett. 113, 226801 (2014) 
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S19 194

Absorption and diffusion of oxygen in Ti-Al bulk alloys

* Alexander Bakulin1,3, Tatyana Spiridonova2, Alexander Latyshev3, Svetlana 
Kulkova1,3, Qing Miao Hu4, Rui Yang4

1) Institute of Strength Physics and Materials Science of Siberian Branch of Russian Academy of 
Sciences, Russia 

2) National Research Tomsk Polytechnic University, Russia 
3) National Research Tomsk State University, Russia 
4) Institute of Metal Research, Chinese Academy of Sciences, China 

Oxygen absorption and diffusion in TiAl, TiAl3, Ti3Al alloys is investigated by the plane-wave 
pseudopotential method. It is shown that the interaction of O atom with Ti is much stronger 
than that with Al as in case of O adsorption on the low-index surfaces. Oxygen prefers to be 
surrounded by titanium atoms that agrees with experiment. Influence of oxygen on structural 
and electronic properties of Ti-Al alloys is analyzed. The preferential paths for oxygen 
diffusion in bulk alloys and corresponding energy barriers are calculated. The values of 
barriers depend significantly on local environments of oxygen atom in bulk alloy (fig. 1). The 
barrier increases significantly when oxygen hops from Ti-rich site. In TiAl alloy the barrier for 
O diffusion between octahedral Al-rich sites is much lower than that between Ti-rich sites. 
Diffusion between tetrahedral sites crossing Ti layer (2.17 eV) is higher than that through Al 
layer (0.08 eV). In general, the increase of the Al content in alloy results in decrease of 
activation energy for oxygen diffusion.

This work is partially supported by the Russian Foundation for Basic Research (14-02-
91150_a_NSFC) for the Chinese-Russian Cooperation.
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S19 195

Oxygen adsorption on low-index γ-TiAl and TiAl3 surfaces

* Svetlana Kulkova1,2, Alexander Bakulin1,2, Alexander Latyshev2, Tatyana 
Spiridonova3, Qing Miao Hu4, Rui Yang4

1) Institute of Strength Physics and Materials Science of Siberian Branch of Russian Academy of 
Sciences 

2) National Research Tomsk State University 
3) National Research Tomsk Polytechnic University 
4) Institute of Metal Research, Chinese Academy of Sciences 

Oxygen adsorption on low-index (001), (100) and (110) surfaces of γ-TiAl and TiAl3 is 
investigated by using plane-wave pseudopotential method. The most preferential adsorption 
sites for oxygen atom are determined. Oxygen prefers to be adsorbed in the hollow site on 
TiAl(001)Ti surface whereas the bridge site is found to be more preferential for O atom on 
TiAl(001)Al surface as well as on both terminations of TiAl(110) one. Position above Al 
subsurface atom is favored for O adsorption on stoichiometric TiAl(100) surface. Mechanism 
of chemical bonding of O atom with Ti-Al alloy surfaces is discussed (fig. 1). The energy 
barriers for oxygen diffusion from different surface terminations in the subsurface region are 
calculated. The increase of barriers when oxygen hops from Ti-rich sites on the surface or in 
subsurface region is found. Finally, the investigations of influence of oxygen concentration 
on atomic and electronic structure of alloy surfaces and the formation of oxide layers are 
performed.

This work is supported by the Russian Foundation for Basic Research (14-02-91150_a_
NSFC) for the Chinese-Russian Cooperation.
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S19 196

Substrate Doping: A Strategy for Enhancing Reactivity on Gold 
Nanocatalysts by Tuning sp Bands

* Nisha Mammen1, Stefano de Gironcoli2, Shobhana Narasimhan1

1) Jawaharlal Nehru Centre for Advanced Scientific Research, Bangalore, India 
2) SISSA, Trieste, Italy 

Gold catalysis has gained much attention in the recent years due to their low temperature 
catalytic activity for oxidation reactions. In this work, we study the interplay between the 
charge, geometry and the catalytic activity of the supported Au clusters, and also gain 
chemical understanding of the principles of gold catalysis. 

Performing density functional theory calculations on a model system of Au20/MgO, we 
show that substrate doping with an electron donor not only switches the morphology of the 
cluster from its stable 3D tetrahedral geometry to the 2D planar geometry, but also leads to 
a significant increase in reactivity towards oxygen dissociation. We attribute the change in 
morphology and the enhanced reactivity of the cluster to the charge transfer from the doped 
substrate to the Au cluster. 

The \\\‘d-band model\\\’ that succesfully explains trends in the reactivity of transition 
metals, claims that, higher in energy the d-band center of the metal is, better is its reactivity. 
The lowering of dissociation barriers observed in our study however, cannot be explained by 
the behavior of the Au d-states alone, but instead, can be explained by the lowering of 
energies of Au electrons in the sp-states.

S19 197

Graphene Oxide as An Optimal Methane Storage Material: Insights 
and Design Principles

* Rajiv Kumar Chouhan1, Kanchan Ulman1, Shobhana Narasimhan1

1) Jawaharlal Nehru Centre for Advanced Scientific Research, Jakkur, Bangalore 560064, India 

Methane, the primary constituent of natural gas,binds too weakly to nanostructured carbons 
to meet the targets set for on-board vehicular storage to be viable. We show, using density 
functional theory calculations that incorporate van der Waals interactions, that replacing 
graphene by graphene oxide increases the adsorption energy of methane by 50%. This 
enhancement is sufficient to achieve the optimal binding strength. In order to gain insight 
into the sources of this increased binding, that can also be used in formulating design 
principles for novel storage materials, we consider a sequence of model systems, that 
progressively take us from graphene to graphene oxide. A careful analysis of the various 
contributions to the weak binding between the methane molecule and the graphene oxide 
shows that the enhancement has important contributions from London dispersion interactions 
as well as Debye interactions and higher-order electrostatic interactions, aided by geometric 
curvature induced primarily by the presence of epoxy groups.
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S19 198

Influence of the correction to the Wills-Harrison approach on the 
thermodynamics of liquid transition-metal binary alloys

Nikolai Dubinin1,2, Leonid Son1,3

1) Ural Federal University, 19 Mira st., Ekaterinburg, 620002, Russia 
2) Institute of Metallurgy of the Ural Branch of the Russian Academy of Sciences, Amundsen st. 

101, Ekaterinburg 620016, Russia 
3) Ural State Pedagogical University, Cosmonavtov ave. 26, Ekaterinburg 620219, Russia 

Some years ago, we applied the Wills-Harrison (WH) [1] approach in conjunction with the 
variational method of the thermodynamic perturbation theory to calculate thermodynamic 
properties of Fe-Co and Fe-Ni liquid alloys [2, 3].

Later, we introduce the correction to the WH model due to the non-diagonal coupling 
between d electrons on different atoms and applied this correction to investigate the WH 
effective pair interactions in liquid Fe, Co and Ni [4].

Here, the influence of this correction on the thermodynamics of Fe-Co and Fe-Ni liquid 
alloys near their melting temperatures at different component concentrations is studied.

This work is supported by the the Russian Program of Scientific Schools (grant 
3354.2014.3) and Program of UB RAS (project 15-7-3-15). 
[1] J.M. Wills, W.A. Harrison, Phys. Rev. B, 1983, 28, 4363. 
[2] N.E. Dubinin, L.D. Son, N.A. Vatolin, J. Phys.: Condens. Matter, 2008, 20, 114111. 
[3] N.E. Dubinin, J. Phys.: Conf. Ser., 2009, 144,012115.
[4] N.E. Dubinin, J. Phys.: Conf. Ser., 2012, 338, 012004.
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S19 199

Identifying promising earth-abundant nitride semiconductors 
through first principles computational screening

* Yoyo Hinuma1, Taisuke Hatakeyama2, Yu Kumagai3, Yoshinori Muraba2, Hikaru 
Sato2, Hidenori Hiramatsu4, Isao Tanaka1, Hideo Hosono4, Fumiyasu Oba4

1) Department of Materials Science and Engineering, Kyoto University, Kyoto 606-8501, Japan 
2) Materials and Structures Laboratory, Tokyo Institute of Technology, Yokohama 226-8503, Japan 
3) Materials Research Center for Element Strategy, Tokyo Institute of Technology, Yokohama 226-

8503, Japan 
4) Materials and Structures Laboratory and Materials Research Center for Element Strategy, Tokyo 

Institute of Technology, Yokohama 226-8503, Japan 

Semiconductors obviously cover very wide applications in electronics, optoelectronics, and 
photovoltaics, and there is always demand for novel useful semiconductors. Semiconductors 
that are composed solely of earth-abundant and non-toxic elements are highly appreciated 
because production will be less affected by short supply of key elements and these materials 
are likely to be environmentally friendly. Nitride semiconductors are attractive in view of the 
nitrogen constituent but those currently commercialized are mostly limited to GaN and 
related alloys. We hereby explore ternary nitride compounds to identify promising 
semiconductors using high-throughput first principles calculations. Our algorithm involves 
looking at thermodynamic and lattice dynamic stability as well as electronic properties. 
ZnSnN2 is a material starting to attract interest because this compound consists of earth-
abundant elements only and has a theoretical direct band gap of 1.4 eV, which is very well 
suited for potential applications in thin film photovoltaics [1]. Other examples of previously 
reported ternary nitrides include LiZnN [2]. We demonstrate that the algorithm identifies 
previously reported nitride ternaries as well as finds unreported and promising compounds.
[1] L. Lahourcade et al., Adv. Mater. 25, 2562 (2013). [2] K. Kuriyama et al., Phys. Rev. B 49, 4511 

(1994).

S19 200

High-throughput search for efficient thermoelectrics

* Sandip Bhattacharya1, Stephane Jacobs2, Radek Chmielowski2, Gilles Dennler2, 
Georg Madsen1

1) CMAT, ICAMS, Ruhr University Bochum, Germany 
2) IMRA Europe S.A.S., 06904 Sophia Antipolis, France 

Our procedure to design efficient, commercially viable and environmentally friendly 
thermoelectrics based on sulfides will be discussed. This is done in a four step procedure. 
First candidates are screened by a high-throughput calculation of Seebeck coefficients and 
electrical conductivities using Boltzmann\’s equations. In a second high-throughput step the 
intrinsic doping limits of candidates exhibiting exceptional power-factors are calculated. 
Favourable candidates are then screened for extrinsic dopants which would allow the 
realization of the predicted transport properties. In the final step, the promising candidates 



Ψk-2015

430 Abstracts of  Poster Session 1 •  Monday, September 7,  2015

are synthesized using spark plasma sintering techniques and their transport properties were 
experimentally measured. 

With the above procedure, we first identified Tin(II)Sulfide as a promising thermoelectric 
candidate [1]. From the defect thermochemistry, one can conclude that $p-$doping in SnS 
can be achieved effectively with monovalent cations, particularly Ag+,Cu+,Li+, substituting 
the Sn position.[1]. We will discuss the two principle ubiquitous effects that limits the itinerant 
carrier concentrations. These undesired phenomena include the formation of coupled 
defects and oxidation of the dopant. We will lay down rules to achieve an efficient p-doped 
SnS thermoelectric.[2] Consequently, the procedure has been extended to a large database 
of potential sulfide thermoelectrics and the most promising candidates will be discussed.

[1] C. Bera, et al, Phys. Chem. Chem. Phys. 16, 19894 (2014).
[2] S. Bhattacharya, et al, Phys. Chem. Chem. Phys, 17, 9161-9166 (2015).

S19 201

The effect of non-magnetic impurities on magnetism and cohesion 
of grain boundaries

* Monika Vsianska1, Mojmir Sob2

1) Central European Institute of Technology, CEITEC MU, Masaryk University, Brno, Czech 
Republic 

2) Institute of Physics of Materials, Academy of Sciences of the Czech Republic, Brno, Czech 
Republic 

3) Masaryk University, Faculty of Science, Department of Chemistry, Brno, Czech Republic 

We present a systematic ab initio study of segregation of 12 non-magnetic sp-impurities (Al, 
Si, P, S, Ga, Ge, As, Se, In, Sn, Sb and Te) at Σ5(210) grain boundary (GB) and (210) free 
surface (FS) in fcc ferromagnetic cobalt and nickel and at the Σ5(310) GB and (310) FS in bcc 
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ferromagnetic iron and analyse their effect on magnetic and mechanical properties. All 
impurities studied strongly reduce magnetic moments at the GB and FS in cobalt. In nickel, 
many of them even kill the magnetic moments at the FS and, when segregating interstitially at 
the GB (i.e., Si, P, S, Ge, As, and Se), they produce magnetically dead layers. We determine 
a change of the ideal work of interfacial separation (strengthening/embrittling energy) and 
evaluate both chemical and mechanical contributions to this energy. We find interstitially 
segregated Si as a GB cohesion enhancer and interstitially segregated S, Ge, As, Se and 
substitutionally segregated Ga, In, Sn, Sb and Te as GB embrittlers in nickel and cobalt. As 
there is very little experimental information on GB segregation in nickel and cobalt, most of the 
present results are theoretical predictions which may motivate future experimental work. 

S19 202

Designing Metal/Molecule Nanocontacts from Mechanochemical 
Considerations

* Martin Zoloff Michoff1,2, Jordi Ribas-Arino1,3, Dominik Marx1

4) 1) Ruhr-Universitaet Bochum, Bochum, Germany 
5) 2) Universidad Nacional de Cordoba, Cordoba, Argentina 
6) 3) Universitat de Barcelona, Barcelona, Spain 

Thiolate-gold interfaces have been intensively studied for many decades using experimental 
and computational techniques, mainly due to its many potential technological applications. 
It has been recently found that considering the mechanical properties of such metal/molecule 
hybrids becomes a crucial factor when designing such nanodevices.

There is a growing interest in multidentate thiolate ligands to build such interfaces. 
Nevertheless, there is not much information available regarding how these self-assembled 
monolayers or nanojunctions respond to external stress.

In this work [1], we shed some light into this topic by investigating, using electronic 
structure calculations, the thermal and mechanical desorption of a series of bidentante 
thiolated ligands adsorbed on gold. The focus of our work has been set on the effect of the 
length of the carbon bridge separating the anchoring sulfur atoms on the rupture of the 
respective molecule/gold junctions.

We found that the preferred thermally activated desorption product is the detachment of 
the cyclic disulfides. In contrast, mechanical detachment leads to cyclic gold complexes, 
with metal atoms extracted from the surface complexed in tweezer-like arrangement by the 
sulfur atoms.

[1] M. E. Zoloff Michoff, J. Ribas-Arino and D. Marx, Phys. Rev. Lett. 114, 075501 (2015).
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S19 203

Influence of impurities on hydrogen absorption and diffusion in 
metals of IV-group

* Tatyana Spiridonova1, Alexander Bakulin2,3, Svetlana Kulkova2,3

1) National Research Tomsk Polytechnic University 
2) Institute of Strength Physics and Materials Science of Siberian Branch of Russian Academy of 

Sciences 
3) National Research Tomsk State University 

Metals of group IV is widely used in aerospace, marine, automobiles, chemical, medical 
industries. Microscopic understanding of interstitial impurities behavior in bulk metals and 
alloys can serve as the basis for controlling their mechanical properties. Absorption and 
diffusion of hydrogen in metals of IV group are investigated using the projector augmented-
wave method within the density functional theory. The binding energies of hydrogen are 
calculated for different sites inside metals matrix. The preference of octahedral and 
tetrahedral sites for H sorption in these metals is discussed alongside with available 
experimental and theoretical results. Doping by transition and simple metals does not affect 
the preference of octahedral site for H sorption in Ti but influences considerably in case of 
Zr and Hf. Energy barriers for H diffusion along six trajectories among the most preferable 
positions are estimated. Diffusion of hydrogen between tetrahedral sites is found to be most 
preferred in metals in comparison with its diffusion between octahedral sites. It is found that 
doping of Ti by simple metals leads to increase of energy barriers whereas transition metals 
with not fully occupied d-band lead to its decrease. The peculiarities of hydrogen diffusion in 
Zr and Hf are also discussed.

S19 204

From Density Functional Theory to Open Innovation

* Yann Pouillon1, Angel Rubio2

1) University of the Basque Country & Materials Evolution, Donostia-San Sebastian, Spain 
2) University of the Basque Country, Donostia-San Sebastian, Spain & Max Planck Institute, 

Hamburg, Germany 

The numerous undergoing paradigm shifts have created an enormous hype around the 
word “open”: open source, open standards, open access, open data, open innovation. All 
these expressions have already become usual and profoundly challenge most of the 
traditional and established structures and mindsets. Behind the scenes, a varied and 
complex ecosystem has been growing which is now creating multiple bridges at multiple 
levels from the most theoretical publicly-funded research groups to the largest private 
companies. Only a few of the start-ups and spin-offs created on the way will grow to full-
fledged companies and play a major role in shaping the rapidly-expanding landscape of 
open innovation. By zooming-in to a little part of this vast ecosystem, the one thriving on 
density functional theory, we discuss some of the major assets, pitfalls, challenges, 
achievements, and fruitful encounters, that make up the path to open innovation for those 
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who dare walking it. We also show the extreme importance of honest collaboration, highest 
business ethics, and mutual respect, for such a journey to be successful, as well as why the 
concept of community is at the very core of this process, and not just a fashionable 
terminology.

S19 205

Compositional Tuning of magnetic anisotropy in Ni2MnGa 
magnetic shape memory alloy

* Rudra Banerjee1, Julie Staunton1

1) University of Warwick 

The Ni-based Heusler alloy Ni2MnGa is an interesting and well studied material with a 
large magnetic-field-induced-strain and magnetocaloric effect around Martensitic temperature 
TM. In the ferromagnetic tetragonal phase below TC, the alloy exhibits a magnetic shape 
memory effect which depends on its magnetic anisotropy. In spite of its promising properties, 
some problems remain however for practical applications. Ni2MnGahas a very low TM\\
approx 200K and TC\\approx365K. So, there is a long standing problem of how to increase 
TM and TC whilst keeping its magnetic anisotropy energy(MAE) high. Experimentally it has 
been found that off-stoichiometric compositions have higher TM\’s. We have therefore 
carried out\\textit{ab-initio} electronic structure theory calculations of the MAE of these 
compounds and investigate how it varies with composition. TC is also enhanced by replacing 
some Mn with Fe.

We have also study this doping effect on the MAE.

S19 206

Density functional theory study of methanol and other biomass 
derived alcohols decomposition on Metal Surfaces

* Qiang Li1, Rodrigo Garcia-Muelas1, Nuria Lopez 1

1) Institute of Chemical Research of Catalonia (ICIQ) 

Methanol as well as other biomass derived alcohols decomposition to CO and H2 on transition 
metals, usually concentrating in a particular set of reactions in the main reaction path, have 
been widely investigated by both theoretical and experimental studies. In this work, we 
present an extensive density functional theory study that considers the all potential elementary 
steps on four closed-packed surfaces including Cu, Ru, Pt and Pd that shows the different 
behaviours and alternative routes through which the decomposition can take place by 
theoretical methods including dispersion or hydrogen bond contributions changing the first 
step in Pt and Ru from methylenic to alcohol H activation. In addition, reverse reaction 
networks which can be inspected for the formation of methanol from CO and hydrogen have 
also been considered. By using Brønsted-Evans-Polanyi (BEP) relationships, the compilation 
of the results with comparable computational set-ups presents a detailed database that can 
be added to the thermodynamics and kinetics for other reactions, such as methanation, with 
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which they share a common list of reactions or employed when analysing larger alcohols as 
those derived from biomass.

S19 207

Anatase and Rutile TiO2 Nanoparticles: Density Functional and 
Force Field Calculations

* Maria de los Angeles Caravaca1, John E. Lowther2, Caudio Ariel Ponce3, Ricardo 
Antonio Casali3

1) Facultad de Ingeniera. Universidad Nacional del Nordeste. Resistencia, Argentina. 
2) School of Physics and DST-NRF Centre of Excellence in Strong Materials, University of the 

Witwatersrand, Johannesburg, South Africa. 
3) Facultad de Ciencias Exactas y Nat y Agrim. Universidad Nacional del Nordeste. Corrientes, 

Argentina. 

Nano structures of anatase and rutile TiO2 are investigated using both density functional 
and force field approaches. Both density functional calculations and force field show the 
importance of atomic relaxation toward the nano particle surface, although the density 
functional calculations indicate that nano structures exhibit bulk like behavior over that 
predicted from force field calculations. Density functional calculations also allow for a study 
of the electronic structure and notably the change of electronic density of states due to the 
complexes formation at surface. However in the density functional approach the fundamental 
character of the polytype is retained. The effects of the size until 3.1 nm of stoichiometric 
rutile and anatase nanoparticles, on the structure was analyzed by a refinement of the pair 
distribution function (PDF) of the Ti-Ti and Ti-O pairs. The calculated pair distribution functions 
Gcalc(r), of our NP\’s indicate the sizes of crystalline core of anatase and rutile. This finding 
is confirmed by the inspection of electronic DOS.The relative stability anatase-rutile is 
determined according to the surface energies. The re-distribution of charge in the whole 
particle and its effects on functional and hypotetical behavior are interpreted.
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S19 208

Ab-initio Studies of Structure, Electronic Properties and Relative 
Stability of SnO2 Nanoparticles as a Function of Stoichiometry, 
Temperature and Oxygen Partial Pressure

* C. Ariel Ponce1, Maria A. Caravaca2, RIcardo A. Casali1

1) Facultad de Ciencias Exactas, Universidad Nacional del Nordeste 
2) Facultad de Ingenieria, Universidad Nacional del Nordeste, Argentina 

Relative stability of nanocrystals of rutile SnO2 with defined sizes and controlled stoichiometry 
was studied allowing the full relaxations of nanoparticle (NP) atoms. Once stabilized in 
energy, the structure was analyzed by a refinement of the pair distribution function (PDF) of 
the Sn-Sn and Sn-O pairs. The calculated pair distribution functions Gcalc(r), of our NP\’s 
larger than 3 nm, indicate a rutile crystalline core of 2.4 nm size, which are well compared 
with recent Gexp(r) determined from XRD experiments. This finding is confirmed by the 
inspection of electronic DOS. Oxygen atoms at the surface can bond forming dimers and 
trimers whose electronic states fix the NP Fermi levels and then acting as active centers. 
The dependence of thermodynamic stability of the NP\’s with oxygen pressure and 
temperature is studied. It was found that at normal O2 pressures and T<860k the=”” more=”” 
stable=”” case=”” is=”” np=”” with=”” o=”” in=”” excess=”” while=”” at=”” low=”” o2=”” 
pressures=”” and=”” t=””>350K, the stable is the deficient in oxygen one. This study therefore 
help to improve the understanding of the electronic and thermodynamic properties of SnO2 
nanocrystals at actual environment conditions of operations in gas sensor devices.
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S19 209

Rational Catalyst Design for Nitrogen Reduction and Water 
Splitting?

* Aleksandra Vojvodic1

1) SLAC National Accelerator Laboratory 

In this talk I will first address how a quantitative theory of heterogeneous transition metal 
catalysis is able to make predictions as well as explain limitations of catalyst performance. 
This enables rational design of catalysts. In Ref. 1 it was demonstrated that there is ample 
room for finding better nitrogen reduction catalysts if we could find effective ways of 
circumventing the energy scaling relations, or finding active site motifs that have a lower-
lying scaling relation than the ones found for metal surfaces. I will further discuss possible 
strategies to overcome these energy scaling relations.3 The oxygen evolution reaction on 
transition metal oxides will be used as an illustrative example.3,4

[1] A. Vojvodic, A. J. Medford, F.  Studt, F. Abild-Pedersen, T. S. Khan, T. Bligaard, and J. K. Nørskov, 
Chemical Physics  Letters 598, 108-112 (2014).  

[2] New Design Paradigm for Heterogeneous Catalysts, A.Vojvodic and J. K. Nørskov, National Sci-
ence Review,  Accepted, doi: 10.1093/nsr/nwv023 (2015).

[3] A. D. Doyle, J. H. Montoya, and A.  Vojvodic, ChemCatChem 7, 738-742 (2015).
[4] A. S. Walton, J. Fester,  M. Bajdich, M. A. Arman, J. Osiecki, J. Knudsen, A. Vojvodic, and J. V. 

Lauritsen, ACS Nano 9, 2445-2453  (2015). 

S19 210

Ab-initio calculation of the Wagner interaction parameter between 
interstitial and substitutional solutes in ferrite solid solution

* Jaysree Pan1, Marcel Sluiter1

1) 3mE, TU Delft, Mekelweg 2 2628 CD Delft, Netherlands 

Steel is a solid solution of various alloying elements in iron. The chemical activity of an 
alloying element in steel not only depends on the concentration of the element but also on 
the strength of its interaction with the other alloying elements present in the matrix. In the 
interaction parameter model, the activity coefficient is related to the composition as:

Where, represents the Wagner interaction parameter relating the influence of the element 
‘j’ in solution on the activity coefficient of element ‘i’

In the study, using ab-initio method we calculated Wagner parameter for the interaction 
between interstitial and substitutional solutes in ferromagnetic bcc Fe matrix. The results 
show that the elastic relaxation of lattice primarily determines the nature of this interaction 
globally. Presence of a substitutional element in the matrix expands or contracts the lattice. 
This governs the excess energy required to introduce an interstitial element to the modified 
lattice site. 
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S19 211

Electronic structure prediction of chemical ordering in 
heterometallic particles of several nm

* Sergey Kozlov1, Gábor Kovács1, Riccardo Ferrando2, Konstantin Neyman1,3

1) Universitat de Barcelona 
2) Università di Genova and CNR/IMEM 
3) Institucío Catalana de Recerca i Estudis Avançats 

Chemical ordering is the pattern in which atoms of two or more elements are located in a 
crystal lattice. Among many other properties chemical ordering defines surface composition 
of a material and its chemical and catalytic activity. “Brute-force” optimization of chemical 
ordering requires calculations of millions of structures, which makes application of electronic 
structure methods unfeasible and forces one to employ less reliable interatomic potentials. 
Herein, we propose a method of chemical ordering optimization in heterometallic nanoparticles 
(NPs), which involves fitting results of electronic structure calculations to a topologic energy 
expression. We show that this method is almost as accurate as the underlying electronic 
structure method and allows optimization of 5 nm large particles composed of 3000+ atoms. 
This method can be easily extended to simulations of nanoparticles i) on a support, ii) in a 
reaction atmosphere, and iii) at finite temperature. Parameters in the energy expressions 
have clear physical interpretation and provide insights into binding between components. 
For instance, this method allows rationalizing core-shell structures of PdAu, PdAg and PtCo 
nanoparticles, partial surface segregation in PdCu and PtSn NPs, ordered L10 structure of 
PdZn particles and interplay between core-shell and phase-segregated structures of CuNi 
NPs. 
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S19 212

Conductivity in solid-state lithium-ion conductors for battery 
applications 

* Aris Marcolongo1, Nicola Marzari1

1) EPFL, École polytechnique fédérale de Lausanne 

Lithium salts and organic♂ solvents are the main components of state-of-the-art electrolytes 
used in commercial batteries. Unlucikily, these materials are flammable and the formation of 
passivating films♂ at the cathode, not flexible enough to sustain volume changes, pose 
limitations to their ultimate lifetime. Solid electrolytes avoid these problems and therefore 
there is an interest in finding fast solid-state litium-ion conductors with neglibible electronic 
conductivity (necessary to prevent shorting), high ionic conductivity, stable against lithium 
and with a wide electrochemical window.

LGPS [1] is one of the fastest solid state electrolytes known; it based on lithium ions as 
charge carriers and displays♂ a large ionic conductivity of 12 mS cm^-1. Ionic diffusion in 
this material happens in a nondiluite and liquid regime, where kinetic monte Carlo simulations 
can fail and collective modes play♂ a significant role. We therefore here present the analysis 
of extensive Car-Parrinello molecular dynamics simulations of this material, ranging in 
temperatures from 200 to 1200 Kelvin, in supercells of 50 to 400 atoms, in order to get 
insight into the nature of ionic transport in fast-ion conductors.

[1] N. Kamaya et al., Nat. Mater. 2011, 10, 682-686

S19 213

Core-level shifts in nanostructured MoS2: reconciling theory and 
experiment

* Albert Bruix1, Henrik Füchtbauer1, Mie Andersen1, Alexander Walton1, Flemming 
Besenbacher1, Jeppe Vang Lauritsen1, Bjørk Hammer1

1) Aarhus University, iNANO and Department of Physics and Astronomy 

Nanomaterials based on MoS2 are very versatile; MoS2 nanoparticles are proven catalysts 
for processes such as hydrodesulphurization and the hydrogen evolution reaction, and 
transition metal dichalcogenides in general have recently emerged as novel 2D components 
for nanoscale electronics and optoelectronics. However, only the edges exposed by 
MoS2 nanoparticles are catalytically active,[1] and their characterization under reactive 
conditions remains challenging.

By means of DFT-based methodology, we have studied the atomic and electronic structure 
of representative computational models of supported MoS2 nano-clusters. These models 
have been used to generate simulated Scanning Tunnelling Microscopy (STM) images and 
to calculate the binding energy shifts of the core electrons of the Mo and S species of the 
MoS2 nanoparticles. The calculated shifts allow identifying the spectral features detected by 
Ambient-Pressure X-Ray Photoemission Spectroscopy in MoSx model catalysts, which 
follow in-situ the transformation of the catalytically relevant edge sites into their active state. 
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A consistent picture emerges in which the core level shifts for the edge Mo atoms evolve 
counter-intuitively when the nanoparticles are reduced. These shifts are explained by 
surprising alterations in the metallic character of these sites, which should be a distinct 
spectroscopic signature of the MoS2 edges under working conditions.[2]

[1] Jaramillo TF et al. Science, 317: 100-102, 2007.
[2] Bruix A. et In-situ detection of active edge-site coordination in single-layer MoS2 catalysts, submit-

ted.

S19 214

Predicting High Entropy Alloys – The Ultimate Solid Solution 
Alloys

* G. Malcolm Stocks1, M. Claudia Troparevsky1, James R. Morris1, Paul R. C. Kent1, 
Andrew R. Lupini1

1) Oak Ridge National Laboratory, Oak Ridge, TN 37831-6114, US 

Alloy development is one of the oldest of sciences. It was therefore surprising when the new 
class of High Entropy Alloys (HEA) was discovered; alloys with considerable potential for 
technological application. The term HEA typically refers to near equiatomic metallic alloys 
comprising of 5, 6, 7… elements that form random solid solution alloys on simple underlying 
lattices; FCC CrMnFeCoNi and BCC VNbMoTaW being textbook examples. The appellation 
“High Entropy Alloy” refers to the early conjecture that these unusual systems are stabilized 
as solid solutions by the high entropy of mixing associated with the large number of 
components, even though entropy alone was quickly shown to be insufficient. Here we 
describe a model that, through the use of high-throughput computation of the enthalpies of 
formation of binary compounds, predicts specific combinations of elements most likely to 
form single-phase HEAs. The model correctly identifies all known single-phase alloys, while 
rejecting similar elemental combinations that are known to form an alloy comprising multiple 
phases. In addition, we predict numerous additional alloy compositions that can be used to 
guide future experimental searches.

Work supported by Materials Sciences and Engineering Division, Office of Basic Energy 
Sciences, US-DOE.
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S19 215

First-principles study of carbon monoxide and oxygen adsorption 
on Pt/γ-Al2O3 (001) surface

* Naoki Uemura1, Tamio Oguchi1

1) The Institute of Scientific and Industrial Research, Osaka University 

The catalytic reaction of carbon monoxide and oxygen on metal surfaces has been studied 
both experimentally and theoretically for a long time to solve energy and environmental 
issues. Pt metals supported on metal oxides have been known to show good catalytic 
properties, and used for the practical applications such as a catalytic converter in automobiles.

 In this study, we investigate interactions between gas molecules on Pt/γ-Al2O3 surfaces 
by means of the first-principles density-functional theory method. At first, the most stable 
structure of Pt on γ-Al2O3 (001) surface is calculated without gas molecules. We theoretically 
generate a stable model consist of single atomic layer of Pt with steps, which is covered on 
γ-Al2O3 (001) surface. Next, adsorption energies, charge transfers, and stable structural 
configurations of carbon monoxide and oxygen on Pt/γ-Al2O3 (001) surfaces are investigated.

S19 216

Pseudopotential Libraries and High-throughput Computational 
Screening. The case of Rare-Earth Perovskites for Light 
Harvesting

* Ivano Eligio Castelli1, Nicolas Mounet1, Nicola Marzari1

1) Theory and Simulation of Materials, École Polytechnique Fédérale de Lausanne, Lausanne, 
Switzerland 

The discovery of novel materials is nowadays guided by ab-initio quantum mechanical 
simulations. Data obtained from simulations are used as descriptors that link calculated 
microscopic quantities and macroscopic measured properties. Many codes and 
pseudopotential libraries are currently available and few attempts of evaluating errors inside 
simulations have been made.

Here, we compare the equations of state for elemental systems using seven libraries of 
pseudopotentials against all-electron results. A pseudopotential is first screened against the 
squared deviation of two equations of states (Delta [Critical Reviews in Solid State and 
Materials Sciences 39, 1 (2014)]). We also investigate the energy cutoffs required by 
pseudopotentials to converge phonons, heats of formation, and stresses as well as the 
computational costs. Based on these ingredients, we propose optimal pseudopotential 
libraries, called Standard Solid State Pseudopotentials (SSSP), with a focus on efficiency 
and accuracy, displaying Delta values of 0.45 and 0.31 meV, respectively.

We apply the SSSP library and a high-throughput screening technique based on stability, 
position and size of bandgap, which has been previously established for oxide and oxynitride 
perovskites, to identify novel rare-earth based materials for light harvesting and conversion 
into hydrogen and oxygen through electrolysis of water.
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S19 217

Materials Beyond the Periodic Table: A High-Throughput Structure 
Prediction Study

* Martin Uhrin1, Chris J. Pickard2

1) École polytechnique fédérale de Lausanne 
2) University College London 

The properties of any material are, on some level, a function of its internal structure making 
an understanding of structure key to the discovery process.

We use the Lennard-Jones potential as a convenient proxy to describe the features 
common to many bulk forming systems: Long range attraction and short range repulsion. 
We see varying the potential parameters of interaction strength and particle size as sweeping 
through a simple, continuous, periodic table. Given just these `knobs\’ and stoichiometry we 
ask: What are all the binary crystal structures that can form?

Structure prediction is used to populate a schemaless database with over 20M structures, 
many more than current databases populated from experiment or electronic structure 
calculations. We discuss some challenges of performing local and global analysis over such 
a large dataset.

Some fascinating finds are highlighted including structures reported for the fist time. 
Furthermore our model allows us to break free from the constraints imposed by the periodic 
table such as the range of atom sizes and binding energies and explore structures that lie 
beyond atomic crystals. We make a connection to self assembly and show that is may be 
possible to realize these structures using artificial superatoms.
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S19 218

3d-5d exchange interaction in quadruple perovskites AMn3B4O12

* Masayuki Toyoda1, Kunihiko Yamauchi1, Tamio Oguchi1

1) The Institute of Scientific and Industrial Research, Osaka University and CREST, Japan Science 
and Technology Agency 

A-site-ordered quadruple perovskite oxides AA\’3B4O12 exhibit a rich magnetic phase diagram 
due to the fact that they can include magnetic transition-metal (TM) ions both at the A\’ and 
B sites. In Cu-based quadruple perovskites (A\’ = Cu), high-TC ferrimagnets have been 
synthesized such as CaCu3Fe4O12 (TC = 210 K) and CaCu3Fe2Re2O12 (TC = 560 K). The inter-
sublattice A\’-B magnetic exchange interaction is thus expected to be strong. However, the 
other materials such as CaCu3Ru4O12 and CaCu3Ir4O12 are known to be paramagnetic where 
Cu2+ (S = 1/2) spins are no longer localized but itinerant due to the A\’-B interaction. In order 
to utilize the inter-sublattice A\’-B interaction for high-TC ferrimagnets, we propose possible 
candidate materials based on Mn-based quadruple perovskites (A\’ = Mn). The electronic 
structures of LaMn3B4O12 and YMn3B4O12 (B = 5d-TM) are calculated based on the density-
functional theory and the generalized gradient approximation. The results show that the 
Mn2+ (S = 5/2) and Mn3+ (S = 2) spin moments remain localized. From the comparison of the 
total energy, ferrimagnetic states arefound to be more stable than antiferromagnetic phases 
for B = W, Re, or Os.

S19 219

First-principles simulations of the switching mechanism in 
tantalum oxide-based resistive memory devices

* Akira Nakayama1, Jun-ya Hasegawa1, Hisao Nakamura2

1) Catalysis Research Center, Hokkaido University, Sapporo, Japan 
2) National Institute of Advanced Industrial Science and Technology (AIST), Tsukuba, Japan 

The resistive switching memory has attracted increasing attention due to its high endurance, 
long retention, and fast switching speed. In this work, the switching mechanism of tantalum 
oxide-based resistive memory devices is investigated by the first-principles simulations. 
First, the crystal structure of the tantalum oxides and also the effect of oxygen defects are 
explored in detail, and then the stability and mobility of the oxygen defects in crystal and 
amorphous structures are examined by the first-principles molecular dynamics simulations. 
The nonequilibrium Green’s function calculations are performed for a model of Ta/Ta2O5-x/
Ta at various configurations and oxygen concentration of Ta2O5-x oxides in order to 
investigate the electronic transport properties, and the atomic details of formation and 
rupture processes of conduction filaments will be discussed.



Ψk-2015

 Abstracts of  Poster Session 1 •  Monday, September 7,  2015 443

S19 220

Carbon sp wires connecting graphene fragments and nanoholes

* Giovanni Onida1, Nicola Manini1

1) Dipartimento di Fisica dell’Universita degli Studi di Milano - Via Celoria 16, 20133 Milano, Italy 

Density Functional Theory can be a powerful tool for to exploit the interplay between 
electronic properties and structural degrees of freedom in materials design. Nanostructured 
carbon containing monoatomic nanowires is an example with many exciting potential 
applications, ranging from nanoelectronics to spintronics [1].We show how mechanical, 
electronic, vibrational and magnetic properties of systems containing sp monoatomic wires 
coupled to sp2 graphitic fragments are influenced by structural details, such as the geometry 
of chain terminations or tensile and torsional strain.DFT theoretical results suggest that sp-
carbon chains are strongly stabilized by bonding to the edges of graphitic nanofragments, a 
results which has subsequently be confirmed by many experimental findings.Quantum 
electron conductances exhibit narrow resonant states, so that the system behaves as a 
spin-polarized semiconductor.The calculation of vibrational properties within Density 
Functional Perturbation Theory allow us to interpret the nontrivial features of experimental 
Raman spectra of cluster-beam deposited pure-carbon samples, including the spectral 
modifications and decay induced by exposure to air [2-5].

[1] A. La Torre, et al., “Strain-induced metal-semiconductor transition observed in atomic carbon 
chains”, Nature Communications, (2015).

[2] E. Cinquanta et al.J. Chem. Phys. 140 244798 (2014)
[3] I.E. Castelli et al., J. Phys.: Condens. Matter 24 104019 (2012)
[4] Z. Zanolli et al, ACS Nano 4 5174 (2010)
[5] L. Ravagnan et al. Phys. Rev. Lett. 102 245502 (2009).



Ψk-2015

444 Abstracts of  Poster Session 1 •  Monday, September 7,  2015

S19 221

Theory-guided design of thin-film superlattice structures with 
extreme stiffness: A combined atom probe tomography and ab 
initio study

* Martin Friak1, Darius Tytko2, David Holec3, Pyuck-Pa Choi2, Philip Eisenlohr4, Dierk 
Raabe2, Mojmir Sob5, Joerg Neugebauer2

1) Institute of Physics of Materials, Academy of Sciences of the Czech Republic, v. v. i., 61662 
Brno, Czech Republic 

2) Max-Planck-Institut für Eisenforschung GmbH, 40237 Düsseldorf, Germany 
3) Montanuniversität Leoben, 8700 Leoben, Austria 
4) Michigan State University, East Lansing, MI 48824, USA 
5) Central European Institute of Technology, CEITEC MU, Masaryk University, Brno, Czech 

Republic 

The theory-guided design of hard coatings with nano-scaled superlattice structures promises 
advanced lamellar composites with application-tailored stiffness and hardness. For the case 
of the elastic properties of AlN/CrN superlattices deposited by reactive radio-frequency 
magnetron sputtering we show how by combining theoretical and experimental methods 
such an approach can be realized. In these alloys, CrN epitaxially stabilizes AlN in a 
metastable B1 (rock salt) cubic phase. This phase, however, is stable only in the form of a 
layer that is very thin, up to a few nanometers. Due to the fact that B1-AlN crystals do not 
exist as bulk materials, experimental data for this phase are not available. Therefore, 
quantum-mechanical calculations have been applied to simulate an AlN/CrN superlattice 
with a similar bilayer period. The ab initio predicted Young modulus (428 GPa) along the 
[001] direction is in excellent agreement with measured nano-indentation values (408 +/- 32 
GPa). Aiming at a future rapid high-throughput materials design of superlattices, we have 
also tested predictions obtained within a linear-elasticity continuum model using elastic 
properties of B1-CrN and B1-AlN phases as input. Using single-crystalline elastic constants 
from ab initio calculations for both phases, we demonstrate the reliability of this approach to 
design nano-patterned coherent superlattices with unprecedented mechanical properties. 

S19 222

Ni-based nanoalloys: Towards thermally stable highly magnetic 
materials

* Dennis Palagin1, Jonathan P. K. Doye1

1) Physical & Theoretical Chemistry Lab, Department of Chemistry, University of Oxford 

Molecular dynamics simulations and density functional theory calculations have been used 
to demonstrate the possibility of preserving high spin states of the magnetic cores within Ni-
based core-shell bimetallic nanoalloys over a wide range of temperatures. We show that, 
unlike the case of Ni-Al clusters, Ni-Ag clusters preserve high spin states (up to 8 µB in case 
of Ni13Ag32 cluster) due to small hybridization between the electronic levels of two species. 
Intriguingly, such clusters are also able to maintain geometrical and electronic integrity of 
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their cores at temperatures up to 1000 K (e.g. for Ni7Ag27 cluster). Furthermore, we also 
show the possibility of creating ordered arrays of such magnetic clusters on a suitable 
support by soft-landing pre-formed clusters on the surface, without introducing much 
disturbance in geometrical and electronic structure of the cluster. We illustrate this approach 
with the example of Ni13Ag38 clusters adsorbed on the Si (111)-(7x7) surface, which, having 
two distinctive halves to the unit cell, acts as a selective template for cluster deposition.

S19 223

Two-dimensional electronic states in perovskite-type KTiO2H: 
comparison with KTiO2X (X = F, Cl, Br) and MTiO2H (M = Li, Na, 
Rb, Cs)

* Nobuya Sato1, Ryosuke Akashi1, Shinji Tsuneyuki1,2

1) Depertment of Physics, The University of Tokyo 
2) Institute for Solid State Physics, The University of Tokyo 

Perovskite-type oxides ABO3 have been widely studied and used for ferroelectricity or 
piezoelectricity. Substitution of A or B cations controls these dielectric properties such as 
Pb(Zr,Ti)O3 (PZT), while compositions of these cations are limited for charge neutrality. As 
well as the substitution of cations, substitution of oxygen anions has been tried with halogen 
anions and also substitution with hydrogen anions (H−) has recently become available [1], 
suggesting that more various compositions of cations might be realized, e.g. A+B4+O2−

2H
−.

In the present work, we investigate an unsynthesized model composition KTiO2H with 
first-principles calculation based on density functional theory as one of such possibilities. 
The compound is energetically stable and shows large electronic polarization comparable 
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with PbTiO3. More interestingly, it is found to have a two-dimensional electronic state 
originating from hydrogen and oxygen at the top of the valence band [2]. We compare the 
electronic state with those of KTiO2X (X = F, Cl, Br) and MTiO2H (M = Li, Na, Rb, Cs) to find 
that the small electron affinity of hydrogen and the symmetry of the hydrogen 1sorbital are 
key factors for the peculiar electronic state.

[1] Y. Kobayashi et al., Nature Mater. 11, 507 (2012).
[2] In preparation.

S19 224

Ab initio non-equilibrium molecular dynamics combined with 
color-diffusion algorithm: a theoretical study of ionic conductivity 
in Gd and Sm –doped CeO2

* Olga Vekilova1

1) KTH Royal Institute of Technology 

Solid oxide fuel cells (SOFCs) are the sources of energy, which are harmless to environment. 
Ceria (CeO2) doped with rare-earth elements is considered as one of most promising 
electrolyte materials for SOFCs. Therefore reliable theoretical tools that allow one to 
describe ionic conductivity in solids and predict materials, where it is high, are of great 
importance.
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Different theoretical approaches used to study ionic conductivity in ceria on the accurate 
quantitative level, are the ab initio static zero K diffusion barrier calculations, Kinetic Monte 
Carlo based techniques and molecular dynamics. These methods either do not fully account 
for temperature or computationally expensive. Also, the agreement among the theoretical 
and experimental results is rather poor.

We have implemented non-equilibrium molecular dynamics coupled with the color-
diffusion algorithm, which substantially decreases simulation time and makes ab initio 
studies of oxygen transport in ceria possible.

Successful application has been done to ionic conductivity in Gd- and Sm- doped CeO2 
at operating temperatures 800-1200 K. Good agreement with the existing experiment data 
proves the new technique is a valuable tool for the future research in the field.

S19 225

Hydrophobicity of rare-earth oxides: a DFT study

* Carchini Giuliano1, García-Melchor Max2, Łodziana Zbigniev3, López Núria1

1) ICIQ - The Institute of Chemical Research of Catalonia 
2) Stanford University 
3) Polish Academy of Science 

Water on metal oxides is responsible for many phenomena, included corrosion and 
passivation.

Among other causes, this is due to water altering the oxygen intake of these compounds; 
the effects can be dramatic, since metal oxides are well known to easily change their 
oxidation state by losing or acquiring oxygen. Rare-earth oxides are characterized by great 
thermodynamical stability and strong hydrophobicity.

For this reason, they can be particularly resistant to harsh conditions in aqueous 
environment.

It has been hinted that the major factor behind their hydrophobicity could be the electronic 
structure reducing the formation of hydrogen bonds, weakening the interaction with water 
[1].

Still, a full understanding of this phenomenon is missing.
To fill this gap, we studied the adsorption of water on CeO2 and Nd2O3, by means of 

Density Functional Theory. As comparison we analyzed other oxides, including the hydrophilic 
Al2O3.

We evaluated the electronic and geometric contributions and determined their role in this 
process; from there, we can tune the property by doping the host material [2]. This could 
lead to design new materials with a well defined hydrophobic/hydrophilic character.
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[1] Azimi, G. et al., Nat. Mater. 2014, 12, 315-320.
[2] Carchini, G. et al., in preparation.

S19 226

Screening next-generation solar materials: chemical insight as a 
descriptor

* Keith Butler1, Aron Walsh1, Adam Jackson1

1) University of Bath 

The development of next-generation solar energy technology necessitates the discovery of 
new materials and the re-investigation of hitherto overlooked ones. For the latter task high-
throughput materials’ screening enterprises such as Materials Project and the OQMD are 
well suited to the application of DFT for assessing the merits of known materials. The former 
task, however, necessitates the exploration of novel combinations of atoms (and indeed 
molecules). The blind exploration of the combinations and permutations of the periodic table 
is a daunting task, to paraphrase Samuel Beckett we feel lost before the confusion of 
innumerable prospects.

Happily centuries of chemical research have provided us with myriad rules for assessing 
the feasibility of a given stoichiometry and the likelihood of particular crystal arrangements. 
In this presentation we introduce the SMACT (Semiconducting Materials by Analogy and 
Chemical Theory) package, which combines these chemical rules with combinatorial 
searching of chemical space to predict plausible and heretofore unknown compounds. We 
demonstrate the potential of the method by predicting new photoferroic materials in the V-VI-
VII and hybrid ABC hexagonal semiconductor classes, both of which have recently been 
touted for their photovoltaic [1] and ferroelectric properties [2].
[1] K. T. Butler, J. M. Frost, and A. Walsh, Energy Environ. Sci., 2015, 8, 838
[2] J.W. Bennett, K. F. Garrity, K. M. Rabe and D. Vanderbilt, Phys. Rev. Lett., 2012, 109, 167062
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S19 227

Accurate Description of the Dispersion Interaction in Alkali Metals

* Minho Kim1, Hyungjun Kim1

2) 1) Korea Advanced Institute of Science and Technology 

Although van der Waals interaction is pivotal to determine the structure of molecules and 
solids, the density functional theory (DFT) fails to describe this long-range dispersion 
interaction. One of the most efficient methods to correct dispersion interaction in DFT is a 
semi-empirical correction method where a pairwise potential based on dispersion coefficient 
C6 is added to the Kohn-Sham DFT energy. It is therefore necessary to define C6 in a 
systematic and accurate way, and many previous works employ the Casimir-Polder formula 
which relates C6 to the atomic polarizability. However, they have focused on the well-defined 
systems within DFT where correlation mostly consists of dynamic contribution, though the 
systems with strong correlations such as bulk metals are questionable. Based on the study 
of the two-body correlation in no-pair bonding, we discuss that the Casimir-Polder coefficient 
includes both static and dynamic contributions of correlation. We have shown that it gives 
overcorrection to the cohesive energy of bulk metals where the error cancellation of static 
correlation and exchange in DFT is fortuitous. Finally we suggest a new semiempirical 
method based on the dynamic contribution of C6 which can circumvent the double correction 
of static correlation and give further improvement of dynamic correlation.

S19 228

H, N, O and Li Impurities in Si at Finite Temperature

* Jamie Wynn1, Andrew Morris1

1) University of Cambridge 

Understanding how impurities in materials cause their properties to deviate from those of the 
perfect crystal is of considerable importance -- examples include doping in semiconductors, 
nitrogen vacancy centres in diamond and the colours of gemstones. Ab Initio Random 
Structure Searching (AIRSS) has been very successful in predicting the structures of defects 
at zero temperature [1,2].

AIRSS has now been used to predict, at finite temperatures, the most favourable defects 
formed by H, N, O and Li in bulk Si. This is done by repeatedly randomising a small region 
of a bulk Si supercell, relaxing the resultant structures within the framework of DFT, and then 
minimising the free energy with respect to the defects\’ concentrations.

To construct the Helmholtz free energy, configurational contributions to the entropy of the 
resultant material are calculated from combinatorial and group-theoretical considerations, 
and vibrational contributions are included using DFT phonon calculations on the relaxed 
structures. The defects\’ abundances at finite temperatures are then predicted by a 
constrained minimisation of the free energy subject to fixed concentrations of the elements 
involved.
[1] Morris, A.; Pickard, C.; Needs, R. Phys. Rev. B, 78, 184102 (2008)
[2] Mulroue J.; Morris, A.; Duffy, D. Phys. Rev. B, 84, 094118 (2011)
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S19 229

First-principles simulations of Mg/MgO interfacial free energies

* Wenwu Xu1,2, Andrew Horsfield3, Peter Lee1,2

1) Manchester X-ray Imaging Facility, University of Manchester, Oxford Rd., M13 9PL, UK & 
Research Complex at Harwell, Didcot OX11 0FA, UK 

2) Research Complex at Harwell, Didcot OX11 0FA, UK 
3) Department of Materials, Imperial College London, South Kensington Campus, London SW7 

2AZ, UK 

Accurate determination of interfacial energies is critical to a proper understanding of the 
properties of bonded materials; this is especially so for nanomaterials having a large volume 
fraction associated with interfaces. Yet, in spite of this importance, reliable methods to 
measure interfacial energies of nanomaterials remain elusive. Experimental effort to measure 
interfacial energies especially for solid state interfaces on the nanoscale is very challenging; 
fortunately theoretical approaches provide a means to compute interfacial energies on the 
nanoscale. First-principles based simulation offers a robust way to compute both the 
energetics and structures of the relevant surfaces and interfaces at the atomic level at zero 
Kelvin, and can be extended to finite temperatures in solids by means of the harmonic 
approximation (HA). Here we study the Mg/MgO interface, employing density functional 
theory (DFT) calculations within the HA to determine the interfacial contribution to the free 
energy, as a function of both temperature and nanoparticle size, for MgO particulated Mg, an 
important metal matrix nanocomposite material. At a given temperature, interfacial energies 
of nano-interfaces increase with the decrease of particle size and change sharply when the 
particle size is reduced to smaller than a certain critical value.
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S19 230

Structure of Large Oxide-Supported Nanoparticles Based on 
Interatomic Potentials and Electron Microscopy

* Jacob Madsen1, Pei Liu2, Thomas Willum Hansen2, Jakob Schiøtz1

1) Department of Physics, Technical University of Denmark 
2) Center for Electron Nanoscopy, Technical University of Denmark 

We investigate the structure of metallic nanoparticles supported on oxide surfaces, focusing 
on nanoparticles in the size range relevant for industrial catalysis, i.e. diameters in the range 
5-10 nm. Nanoparticles in this size range are too large for direct calculations using DFT. While 
reasonable interatomic potentials exists for the metallic nanoparticles and the oxide, modelling 
their interaction remains a challenge. We fit interaction potentials, taking the many-atom nature 
of the metallic interactions into account. These methods are applied to several metal/oxide 
structures, including nanoparticles of Pt on Yttrium Stabilized Zirconia, and to Cu on Alumina, 
as examples of two systems with large and small lattice mismatch, leading to different interfacial 
structures. We extract an effective interface energy that can be used to predict the overall 
shape of the nanoparticles, e.g. using a generalized Wulff construction. As far as possible, the 
calculated structures are compared with locally produced TEM images of the same systems.

(a) Relaxed Cu nanoparticle on Alumina with a diameter of 5 nm. (b) The Cu atoms in the 
bottom layer of the nanoparticle have been colorcoded according to the average distance to 
their nearest neighbours to show the distribution of lattice strain.

S19 231

DFT and tight binding approach to nitride nanostructures

Abdelhakim Meziani1, Lemia Semra1, Azzedine Telia1

1) UNIVERSITE FRERES MENTOURI CONSTANTINE ALGERIA 

Calculation of band structures of III- nitrides mainly binary compounds AlN, GaN, InN and 
their ternaries using nearest neighbour sp3s* tight binding method (TBM) and Density 
Functional Theory (DFT) for wurtzite and zinc-blende. Al(In, Ga)N gaps and effective masses 
variation with molar (In, Ga) concentration are studied with comparison of calculations 
between the two polytypes and between the two methods. Results are applied to determine 
the 2DEG concentration in Al(In, Ga)N/GaN heterostructure.
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S19 232

Surface phase transition driven by deprotonation reaction 

* Chiara Paris1, Andrea Floris2, Lev Kantorovich1

1) Department of Physics, King’s College London, Strand, London WC2R 2LS, United Kingdom 
2) CIC Energigune, Albert Einstein 48, 01510 Miñano (Álava), Spain 

2D molecular self-assembly on surfaces is of great interest due to large number of applications 
such as catalysis and fabrication of new functional materials. 

In collaboration with the experimental group of Prof. Kuhnle at Mainz University, we aim 
to understand the reactivity of 2,5-dihydroxybenzoic acid (DHBA), an organic molecule 
deposited on a insulating substrate of calcite. NC-AFM experiments show that DHBA 
molecules initially form two different molecular structures:(i) a striped phase, which consists 
of hydrogen-bonded dimers and (ii) a dense, highly packed phase of de-hydrogenated 
molecules covalently bonded to the calcite surface. Interestingly, after several hours of 
observation the striped phase gradually transforms into the dense one, which then remains 
the only one present. We have investigated this phase transition by performing DFT 
calculations in conjunction with kinetics modelling. In partucular, we have studied the 
structure and stability of the dense and striped phase and performed NEB calculations to 
study (i) the detachment/attachment barriers from one phase to the other and (ii) the diffusion 
barriers and deprotonation mechanism(s) for single molecules and dimers. 

In the present communication, we will show our recent results in comparison with the 
experimental measurements.
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S19 233

CO adsorption and carburization through Fe 110 surface: 
A multiscale approach

* Aurab Chakrabarty1, Iwan Halim Sahputra1, Othmane Bouhali1, Normand 
Mousseau2, Charlotte S. Becquart3, Fadwa El Mellouhi1,4

1) Texas A&M University at Qatar 
2) Département de physique, Université de Montréal, Canada 
3) UMET, UMR 8207, Ecole Nationale Supérieure de Chimie de Lille, Université Lille 1, France 
4) Qatar Energy and Environment Research Institute, Qatar 

Carburization of metal surfaces via hydrocarbon absorption such as CO is a key 
phenomenon that triggers dusting corrosion in metals which is a severe issue in 
petrochemical industries. While metal dusting corrosion appears to be a microscale 
phenomenon, its complete understanding requires a multiscale treatment ranging from 
small-scale first-principles electronic calculations to large scale atomistic simulations 
performed with empirical interatomic potentials. We employ density functional theory 
(DFT) to model the adsorption and dissociation of CO on perfect and defective 110 surface 
of α-iron. Interestingly, we find that the dissociation barriers for CO display a significant 
decrease when Fe vacancies are present on the surface. Surface-to-subsurface diffusion 
is on the other hand examined using empirical interatomic potentials on few thousands 
atoms models. A comparative study is made between a reactive force field and an 
embedded-atom method for Fe-C interaction to evaluate their suitability in predicting at 
the same time surface and subsurface phenomena.

S19 234

Effect of Cu-substitution on Mechanical Stability,  
Electronic Structure and Magnetic Properties of Ni2MnGa, 
Pd2MnGa and Pt2MnGa

* Tufan Roy1, Aparna Chakrabarti1,2

1) HBNI, Raja Ramanna Centre for Advanced Technology, Indore-452013, India 
2) ISUD, Raja Ramanna Centre for Advanced Technology, Indore-452013, India 

Using first principles density functional theory, we study effect of Cu substitution at Mn site 
on the cubic austenite phases of Ni2MnGa, Pd2MnGa and Pt2MnGa. Experimentally, it is 
reported that doping Cu at Mn site of Ni2MnGa increases martensitic transition temperature. 
Additionally, Cu is inherently a ductile material, so there can be interesting changes in the 
mechanical, electronic as well as magnetic properties when Mn is replaced by Cu, which 
motivated us to probe the effect of Cu doping at the Mn site. From elastic constant calculation 
and by analyzing the ratio between calculated bulk and shear moduli as well as the Poisson\’s 
ratio, a qualitative idea about relative inherent brittleness of the Cu-substituted compounds 
with respect to the parent compounds has been obtained. In our previous work, we have 
reported that the inherent crystalline brittleness of cubic phase of Pt2MnGa is much lower 
than Ni2MnGa. Here we show systematically how as a function of Cu doping at the Mn site 
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of Ni2MnGa, Pd2MnGa and Pt2MnGa, the inherent crystalline brittleness of these alloys is 
changing. We report that among all materials, Pt2CuGa has the lowest inherent crystalline 
brittleness which may have useful potential application for designing effective new materials.

S19 235

Absolute interface stabilities and local bonding considerations 
for various GaP-Si interface configurations

* Andreas Stegmüller1,2, Ralf Tonner1,2

1) University of Marburg, Department of Chemistry 
2) University of Marburg, Materials Sciences Center 

Modern III/V heterostructure systems can be grown on the almost lattice-matched thin films 
of gallium phosphide and silicon.[1,2] Motivated by findings from Transition Electron 
Microscopy[3] and kinetic considerations on surface transport characteristics during MOVPE 
growth, we investigated whether the GaP-Si(001) interface is atomically abrupt.[4] Interface 
formation energies were calculated by DFT (PBE-D3) with large periodic supercells and it 
was found that among the various possible microscopic interface configurations ((001), 
(111), (112) and (113), including atomic layers with Si-Ga/P intermixing) some show 
significantly higher stabilities than

others. In most cases, considerations of simple bonding patterns together with the Electron 
Counting Model (”wrong bonds”) are qualitatively in line with the results from first principles. 
The most stable, microscopic interface configurations, however, cannot be described by the 
simple electron counting argument. As a consequence of growth kinetics and interface 
stabilities, the mesoscopic GaP-Si(001) interface is microscopically - in a region of 8 atomic 
layers along growth direction - not abrupt.

By applying the NPA partial charge scheme and local electrostatic potentials on the 
interface region we can support and rationalize our findings and suggest chemically motivated 
explanations for different absolute interface stabilities.
[1] A. Beyer et al., Journal of Applied Physics, 111, 2012, 08534.
[2] K. Volz et al., Journal of Crystal Growth, 315, 2011, 37.
[3] A. Beyer et al., Journal of Applied Physics, 109, 2011, 083529.
[4] A. Beyer, A. Stegmüller, et al., submitted, 2015.

S19 236

Unconventional point defects in hexagonal yttrium manganite

* Sandra Helen Skjaervoe1, Thomas Tybell2, Sverre Magnus Selbach1

1) Department of Materials Science and Engineering, NTNU, NO-7491 Trondheim, Norway 
2) Department of Electronics and Telecommunications, NTNU, NO-7491 Trondheim, Norway 

Hexagonal manganites have attracted considerable attention due to their multiferroic 
properties,[1] but have also recently shown promise for energy technology purposes due to 
their broad defect chemistry. The materials can accommodate the interstitial oxygen, not 
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common in perovskites. Hexagonal Dy1-xYxMnO3+δ can accommodate excess oxygen up to 
δ < 0.35 at temperatures of 250-400 ºC,[2] opening the possibility for use as oxygen storage 
materials at much lower temperatures than the current materials.[3] Here we show 
experimental data of electrical conductivity, mass change, and Seebeck coefficient clearly 
showing a correlation between the interstitial oxygen and p-type conductivity, also shown 
previously.[4] Complementary Density Functional Theory calculations further reveal the 
origin of the p-type conductivity and shows that the interstitial oxygen is enthalpy stabilized. 
The unusual nature of enthalpy stabilized defects does not conform to the conventional 
definition of point defects, as point defects usually require energy to form.
[1] van Aken et al. Nature Mater. 3 (2004) 164.
[2] Remsen and Dabrowski. Chem. Mater. 23 (2011) 3818.
[3] Vente et al. J. Solid State Electrochem. 10 (2006) 581
[4] Ren et al. Appl. Phys. Lett. 103 (2013) 152905.

S19 237

Cation ordering in tungsten-bronze-type 
oxides from first principles

* Gerhard Henning Olsen1, Ulrich Aschauer2, Nicola Spaldin2, Sverre Magnus 
Selbach1, Tor Grande1

1) Department of Materials Science and Engineering, NTNU, NO-7491 Trondheim, Norway 
2) Materials Theory, ETH Zurich, Wolfgang-Pauli-Strasse 27, CH-8093 Zürich, Switzerland 

Among ferroelectrics based on oxygen octahedra, the tungsten bronzes form the second 
largest group after the perovskites. The simplest compound of this type is lead metaniobate, 
PbNb2O6 (PN), which has a high TC of 570 °C. However, it is thermodynamically stable only 
at high temperatures (> 1250 °C), and in its ferroelectric state it is metastable with respect 
to a rhombohedral polymorph. Tungsten bronzes that are apparently stable at room 
temperature are solid solutions, such as SrxBa1–xNb2O6 (SBN), with the end members 
themselves not being stable in this structure. The tungsten bronzes, with the general formula 
(A1)4(A2)2(C)4(B1)2(B2)8O30, consist of a framework of corner-sharing octahedra along 
the c-axis. Corner sharing occurs in such a way as to accommodate different metal atoms at 
the A, B and C sites. The materials show a large degree of flexibility with respect to both 
chemical composition and cation ordering between the A1 and A2 sites, both of which will 
likely influence functional properties. Here, we use DFT calculations to investigate the effect 
of cation ordering on the A1 and A2 sites with particular focus on the PN and SBN systems. 
Configurations with different symmetry imposed by ordering of the cations are considered, 
with particular attention to their effect on the energetic stability. The functional properties of 
the systems are discussed in light of these trends.
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S19 238

Hybrid organic-ferromagnetic interfaces: 
A new approach to surface magnetism

* Rico Friedrich1, Vasile Caciuc1, Nikolai S. Kiselev1, Nicolae Atodiresei1, 
Stefan Blügel1

1) Peter Grünberg Institut (PGI-1) and Institute for Advanced Simulation (IAS-1), 
Forschungszentrum Jülich and JARA, D-52425 Jülich, Germany 

The properties of molecular spintronic devices are decisively determined by their hybrid 
organic/ferromagnetic interfaces [1,2]. Until recently, the main interest was focused on how 
the substrate affects the molecular properties and what are the consequences for spin-
injection into organic layers. Here we present new insights by showing that the adsorbates 
can also be used to specifically design surface magnetic properties.

Experimentally it has been demonstrated that phenalenyl-based molecules deposited 
onto a cobalt contact give rise to an interface magnetoresistance effect which was theoretically 
explained by the molecule induced magnetic decoupling of the first and second uppermost 
Co layers [3]. We outline that it is possible to chemically functionalize the magnetic exchange 
interactions of the hybrid organic-ferromagnetic interface by systematically investigating a 
series from boron to oxygen containing organic molecules [4]. Finally, we show that the 
interlayer magnetic exchange coupling can be selectively decreased and increased by 
switching between adsorbates of different spatial extend.
[1] N. Atodiresei et al., PRL 105, 066601 (2010)
[2] M. Callsen et al., PRL 111, 106805 (2013)
[3] K. V. Raman et al., Nature 493, 509 (2013)
[4] R. Friedrich et al., PRB 91, 115432 (2015)
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S19 239

Large molecules on surfaces: Metalloporphyrin adsorption  
and reactivity investigated by dispersion-corrected DFT  
and TDDFT methods

* Wolfgang Hieringer1

1) Theoretical Chemistry, University of Erlangen-Nuernberg

Results from density-functional calculations on the physical and chemical properties of 
porphyrin molecules on various metallic surfaces will be shown. Porphyrins represent an 
interesting group of prototypical molecules that can be employed to tune the properties of 
functional surfaces and other materials. [1] Metalloporphyrins, which contain a transition 
metal center embedded the porphyrin framework, are of special interest due to the possible 
metal-metal interactions at the surface. The latter are shown to influence the electronic and 
spin properties of the interface. [2] Van der Waals dispersion interactions are very important 
for the structure of the adsorbed porphyrins. [3,4] We compare adsorption distances and 
structural features obtained with a number of recent van der Waals dispersion correction 
schemes and discuss the agreement with experimental data. In addition, we will address the 
application of time-dependent density functional theory for the calculation of core-level 
spectra of large molecules such as porphyrins. [5]Finally, the influence of the molecule-
surface interaction on the chemical reactivity of the adsorbate system will be discussed in 
terms of the so-called surface trans effect. An outlook to even larger macrocyclic molecules 
at surfaces will also be given [6].
[1] W. Auwärter, D. Écila, F. Klappenberger, J. V. Barth, Nat. Chem. 2015, 7, 105.
[2] F. Buchner, K. G. Warnick, T. Wölfle, A. Görling, H. P. Steinrück, W. Hieringer, H. Marbach, J. Phys. 

Chem. C 2009, 113, 16450.
[3] W. Hieringer, K. Flechtner, A. Kretschmann, K. Seufert, W. Auwärter, J. V. Barth, A. Görling, H. P. 

Steinrück, J. M. Gottfried, J. Am. Chem. Soc. 2011, 133, 6206-6222. 
[4] S. Ditze, M. Stark, F. Buchner, A. Aichert, N. Jux, N. Luckas, A. Görling, W. Hieringer, J. Hornegger, 

H. P. Steinrück, H. Marbach, J. Am. Chem. Soc. 2014, 136, 1609.
[5] N. Schmidt, R. H. Fink, W. Hieringer, J. Chem. Phys. 2010, 133, 054703.
[6] Q. Fan, C. Wang, Y. Han, J. Zhu, W. Hieringer, J. Kuttner, G. Hilt, J. M. Gottfried, Angew. Chem. 

Int. Ed. 2013, 52, 4668.



Ψk-2015

458 Abstracts of  Poster Session 1 •  Monday, September 7,  2015

S19 240

Searching for superior piezoelectric materials by scanning 
metastable nitride alloys; combining theory and experiments

* Christopher Tholander1, Agnė Zukauskaitė2, Ferenc Tasnádi3, Jens Birch1,  
Igor A. Abrikosov3, Lars Hultman1, Björn Alling4

1) Thin Film Physics Division, Department of Physics, Chemistry, and Biology (IFM), Linköping 
University, SE-581 83 Linköping, Sweden 

2) Fraunhofer Institute for Applied Solid State Physics, Tullastr. 72, 79108 Freiburg, Germany 
3) Theoretical Physics, Department of Physics, Chemistry, and Biology (IFM), Linköping University, 

SE-581 83 Linköping, Sweden 
4) Max-Plank-Institute für Eisenforschung GmbH, Max-Plank-Strasse 1, 40237 Düsseldorf, 

Germany 

Physical vapor deposition, such as reactive magnetron sputtering, allows for synthesis of 
metastable alloys, inaccessible through growth methods operating close to thermodynamic 
equilibrium. Thus, a huge chemical space is opened for property optimization. Sc0.5Al0.5N is 
an example of such an alloy, where the piezoelectric response is increased by more than 
400% in comparison to AlN. This makes ScAlN an excellent candidate for use in 
micromechanical systems which are key components in modern electronic devices.

Using an approach of theoretical prediction and experimental verification, we study the 
mechanisms behind phase formation and the piezoelectric increase in metastable nitrides. 
We show that the effect of high piezoelectric constants is general for the III-A nitrides (AlN, 
GaN, InN) alloyed with III-B nitrides (ScN, YN). Furthermore, we find that the unit cell volumes 
of the parent phases need to match in order to give maximum piezoelectric response. Based 
on our determined criteria, we scan the periodic table for quaternary AlN-based alloys and 
mapped out new possible candidates suitable for metastable piezoelectric thin films, e.g, 
Tix/2Mgx/2Al1-xN, Zrx/2Mgx/2Al1-xN, and Hfx/2Mgx/2Al1-xN. 

S19 241

High-Throughput First-Principles Approach to Materials Design: 
Discovery of Novel Perovskites  
for Solar Thermochemical Water Splitting

* Antoine Emery1, Chris Wolverton1

1) Northwestern University 

High-throughput density functional theory (HT-DFT) is an efficient tool that is used to 
accelerate materials design as it allows the screening of a large number of compounds at 
once. In this work, we apply this technique on ABO3 perovskite compounds to screen for 
thermodynamically favorable two-step thermochemical water splitting materials for hydrogen 
production. We demonstrate the use of two screens, based on thermodynamic stability and 
oxygen vacancy formation energy, on 5329 different compositions to predict 389 stable 
potential candidate materials for water splitting applications. Several of these compounds 
have not been experimentally explored yet and present promising avenues for further 
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research. Additionally, our results show that several considerations such as the oxidation 
state and atomic sizes of the constituent elements influence the performance of TWS 
materials. Finally, the large dataset of compounds and stability in our possession allowed us 
to revisit the structural maps for perovskites. This study shows the benefit of using first-
principles calculations to efficiently screen an exhaustively large number of compounds at 
once. It provides a baseline for further studies involving more detailed exploration of a 
restricted number of those compounds.

S19 242

Ab initio Calculations of Open Cell Voltage in Li-ion Organic 
Radical Batteries

* Nicolas Dardenne1, Xavier Blase2, Geoffroy Hautier1, Jean-Christophe Charlier1, 
Gian-Marco Rignanese1

1) Université Catholique de Louvain 
2) Université Grenoble Alpes 

In the last decade, radical polymers have emerged as promising electrode materials for 
secondary batteries because of their stable high voltage, sustainability and potential low-
cost. Furthermore their electronic properties can be rationally tuned.

The most studied radical compounds for electrode applications are nitroxide-based 
polymers. Indeed, nitroxide can be reversibly n-doped to aminoxyl anion and p-doped to 
oxoammmonium cation in anodic and cathodic reaction, respectively. Poly(2,2,6,6-
tetramethyl-1-piperidinyloxy-4-yl methacrylate) (PTMA) is the most common active material 
which has already been used as a cathode in Li-ion cells. It displays a reversible redox 
process around 3.6 V vs Li/Li+ with a theoretical capacity of 111 mAh/g.

High-throughput ab initio calculations could be used for the molecular engineering of new 
radical materials with tunable electrochemical properties. As a first step in this direction, we 
test the agreement between theoretical and experimental data for various organic radical 
polymers used as active materials in batteries. A ΔSCF method based on density functional 
theory is compared to the higher-level GW many-body perturbation theory and to experimental 
values. The results indicate that the method provides a fast and accurate estimation of the 
open cell voltage of these organic radical Li-ion batteries, suggesting it would be sufficiently 
robust for a preliminary screening of theoretically designed radicals.

In a second step we perform high-throughput simulations on modified nitroxyl radicals 
where the methyl groups are para-substituted with various functional groups. These new 
radicals show theoretical voltages ranging from 3.4 to 6.2 V vs Li/Li+ and specific energies 
up to 564 mWh/g. Depending on the specific battery applications, the best candidates can 
be selected according to the desired open cell voltage and being tested experimentally.



Ψk-2015

460 Abstracts of  Poster Session 1 •  Monday, September 7,  2015

S19 243

Ab-Initio Studies of Ce-doped Phosphors for White LED

* Yongchao Jia1, Samuel Ponće1, Masayoshi Mikami2, Xavier Gonze1

1) Institute of Condensed Matter and Nanosciences, Université Catholique de Louvain, Chemin des 
étoiles 8, bte L7.03.01, B-1348 Louvain-La-Neuve, Belgium 

2) Mitsubishi Chemical Group, Science and Technology Research Center, 1000, Kamoshida-cho 
Aoba-ku, Yokohama, 227-8502, Japan 

At present, cerium doped materials are widely used as phosphors in white LED technology, 
and the corresponding research attracts much attention both from the aspects of academy 
and industry. A great effort has been devoted to the design of the efficient Ce activated 
phosphor system. However, most of the guiding depends on the semi-empirical method,[1] 
which only can provide a qualitative prediction, and even sometimes the performance of 
phosphor will be out of the expectation from the prediction. Thus, a detailed theoretical 
understanding about luminescence in Ce doped phosphor is urgently needed.[2]

In this study, we propose a theoretical method to describe the neutral excitation in 
Ce doped phosphors within DFT framework. The LaSi3N5:Ce3+ and La3Si6N11:Ce3+, as the 
paradigmatic example, are used to validate the model proposed. In the former compound, 
there is one unique site for the substituted Ce, while in the latter two nonequivalent sites 
exist. Table 1 lists the calculated absorption, emission energy and Stokes shift in the two 
compounds. The luminescent center site in La3Si6N11has been determined to be the 
symmetric one on the basis of difference of total energy comparison and agreement with the 
experimental data. 
[1] Dorenbos P. Phys. Rev. B 2002, 65, 235110.
[2] R.J. Xie, Y.Q. Li, N. Hirosaki, Nitride Phosphors and Solid-State Lighting, CRC Press, 2011
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S19 244

Magnetic coupling in unligated and ligated Fe phthalocyanine 
and Fe porphyrin macrocycles

* Heike Herper1, Barbara Brena1

1) Department of Physics and Astronomy, Uppsala University, 75120 Uppsala, Sweden 

Molecular magnetic materials are discussed as candidates for future electronic devices 
however reliable switching of the spin state or changing the magnetic coupling is still a 
challenging task. We present a first principles study (GGA+U, van der Waals) of the magnetic 
and structural properties of (FePc)2 sandwiches and FeP molecules with axial ligands serving 
as model systems for transition metal based molecular complexes.

Investigations include molecules in gas phase and adsorbed on metal substrates. (FePc)2 
is weakly bonded and the exchange coupling is weak and a flipping from FM to AF coupling 
can be achieved.

For (FePc)2 deposited on Co(001) the lower FePc couples in agreement with previous 
findings [1,2] FM to the Co film but the intermolecular coupling switches from FM to AF.

Adding a Cl ligand to FeP adsorbed on Cu(001) leads to a strong deformation of the 
molecule (see Figure) and a switching of the spin state from S=1 to S=2. [3]
[1] H. C. Herper et al., PRB 89, 085411 (2014)
[2] D. Klar et al., PRB 88, 224424 (2013)
[3] H. C. Herper and B. Brena, JAP 117, 17B318 (2015)
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S19 245

Magnetic and structural transition in manganese 
nanostructures over gallium nitride: 
an interplay between ab initio calculations and experiments

* Valeria Ferrari1,2, M. Andrea Barral5, Abhijit Chinchore3, Yingqiao Ma3, 
Pablo Ordejón4, Arthur Smith3

1) National Research Council of Argentina (CONICET) 
2) CAC- GIyA, CNEA, 1650 San Martín, Buenos Aires, Argentina 
3) Nanoscale and Quantum Phenomena Institute, Physics and Astronomy, Ohio University, Athens, 

Ohio 45701, USA 
4) Centre d’Investigaci´o en Nanoci`encia i Nanotecnologia - CIN2 (CSIC-ICN), Campus UAB, 

08193 Bellaterra, Barcelona, España 

In the quest for room-temperature spintronic materials, there have been considerable effort 
to attain the deposition of ferromagnetic nanostructures onto semiconductor surfaces to 
achieve spin-polarized transport. With this drive, we deposited Mn atoms onto gallium nitride 
(GaN) surfaces and, depending on the deposition temperature, two surface reconstructions 
are obtained. At low temperature, a metastable 3×3 structure forms, which upon mild 
annealing converts to a more stable √3×√3 structure through an irreversible phase transition. 
Using ab initio techniques, we propose models in consonance with the experimental findings. 
We find that the 3×3 structure consists of trimers of Mn adatoms, while the √3×√3 one, 
involves Mn atoms substituting surface Ga ions. This transition is concomitant with a change 
in the magnetic interactions among the Mn atoms, thus driving a magnetic transition along 
with the structural one.

S19 246

Clean and adsorbed 4H-SiC {0001} surfaces: 
towards crystal growth modelling

Elwira Wachowicz1,2, Adam Kiejna1

1) Institute of Experimental Physics, University of Wrocław, Wrocław, Poland 
2) Interdisciplinary Centre for Mathematical and Computational Modelling, University of Warsaw, 

Warsaw, Poland 

The wide band-gap semiconductor silicon carbide is very attractive for many applications in 
electronic devices. For electronic applications purposes hexagonal 4H-SiC is the preferred 
polytype. One of the main problems in the development of the SiC-based electronics is still 
poor quality of the SiC crystals. Therefore, it is necessary to understand the interaction of 
basic building bricks like Si, C, Si2C and SiC2 with the surface. Since hexagonal SiC crystals 
grow along <0001> direction the interaction of Si, C and Si2C interaction with Si- and 
C-terminated (0001) surfaces is examined within DFT framework. The most favourable 
adsorption sites are identified for two adsorbate coverages. We found that Si2C molecule 
lies almost flatly on both surfaces with Si atom connected to the underlying topmost substrate 
atom. Qualitative ab initio molecular dynamic simulations show that molecules bind to both 
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examined surfaces without dissociation. It is confirmed by quantitative DFT studies showing 
that there is no barrier for the molecule adsorption (Fig.). Moreover, a possible mechanism 
of Si2C on-surface dissociation is examined. We found that the dissociation is favourable on 
C-terminated surface, only (Fig.). Following, the coadsorption of another molecule was 
studied.

S19 247

A new Ice phase from DFT and DMC studies

* Cheng-Rong Hsing1, Ching-Ming Wei1

1) Institute of Atomic and Molecular Sciences, Academia Sinica, Taipei,Taiwan 

The phase diagram of ice is extremely rich, especially in the medium pressure region. In this 
work, we present a new ice phase structure using ab-initio random structure searching 
(AIRSS) method combined with DFT-LDA. The new phase has a body-centered cubic 
structure and its unit cell contains twelve water molecules. The structure stabilities (at 0 K) 
have been checked and confirmed by using DFT with LDA and various van der Waals 
functionals and diffusion Monte Carlo (DMC) approaches. The potential energy surface with 
DFT-LDA indicates the new ice phase is indeed a local minimum.

S19 248

DFT study of molybdenum oxides as selective 
catalysts to biomass conversion

* Marcos Rellán-Piñeiro1, Nuria López1

1) Institut Català de Investigació Química (ICIQ) 

Formaldehyde, one of the top chemicals with more than 6 M Tons produced yearly, is 
industrially obtained by catalytic methanol oxidation in the FormoxTM process.[1] The catalyst 
of this process is composed mainly by two phases, MoO3 and Fe2(MoO4)3.[2] The active 
phase of the catalyst and the reasons for the selectivity observed are still unknown. By 
means of DFT we illustrate the reaction network that drives the selective conversion of 
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methanol to formaldehyde on the molybdenum oxide phase to explain the activity and 
selectivity of the process and determinate the role of Mo and Fe phases.[3]

In addition, molybdenum oxides are promising catalysts to a selective bond cleavage in 
the catalytic conversion of biomass derived compounds. It has been experimentally shown 
that reduced MoO3 can drive the selective hydrodeoxygenation (HDO) of oxygenated 
compounds into unsaturated hydrocarbons.[4,5] A DFT study of the route to the selective 
glycerol conversion to propylene on oxygen defective MoO3 has been performed to illustrate 
the selective C-O bond cleavage over C-C bonds and pave the way to a better understanding 
of these HDO processes.

[1] www.formox.com, April 2015.
[2] C. Brookes et al., ACS Catal., 2014, 4, 243.
[3] M. Rellán-Piñeiro and N. López, ChemSusChem, 2015, DOI: 10.1002/cssc.201500315.
[4] T. Prasomsri et al., Energy Environ. Sci., 2014, 7, 2660.
[5] V. Zacharopoulou et al., Green Chem., 2015, 17, 903.

S19 249

Ab initio calculations for magnetic order 
in surface and bulk systems

* Frantisek Maca1, Vaclav Drchal1, Josef Kudrnovsky1

1) Institute of Physics ASCR, Praha, Czech Republic 

The present study centers around the evaluation of pair exchange interactions between 
magnetic atoms in the overlayers or in the bulk which allows for a detailed understanding of 
different types of magnetic ordering in these systems. As first example we present an ab 
initio study of the electronic structure and magnetic order of one Fe monolayer on the Ir(001) 
surface and also an analysis for this surface covered by adsorbed oxygen and hydrogen. 
We show that the adsorption of oxygen (and also of the hydrogen) leads to the p(2x1) 
antiferromagnetic order.

Second presented example is CuMnSb crystal. Here ab initio calculations found that the 
ideal antiferromagnetic (001) structure has lower total energy than the experimentally found 
(111) antiferromagnetic order. We show that the presence of disorder is needed to explain 
this inconsistency. Defects lower the total energy and change also magnetic exchange 
interactions. Both results are well understandable if a detailed exchange interactions 
knowledge is available.

file:///C:/Users/toshiba/Desktop/abstract.docx#_edn3
file:///C:/Users/toshiba/Desktop/abstract.docx#_edn3
file:///C:/Users/toshiba/Desktop/abstract.docx#_ednref3
file:///C:/Users/toshiba/Desktop/abstract.docx#_ednref1
file:///C:/Users/toshiba/Desktop/abstract.docx#_ednref2
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S19 250

Correlation between diffusion barriers 
and heat of formation in X3M alloys

* Ulrik Grønbjerg Vej-Hansen1,2, Jan Rossmeisl2,3, Jakob Schiøtz1,2

1) DNRF Center for Individual Nanoparticle Functionality (CINF), Department of Physics, Technical 
University of Denmark, DK-2800 Kgs. Lyngby, Denmark 

2) Center for Atomic-scale Materials Design (CAMD), Department of Physics, Technical University 
of Denmark, DK-2800 Kgs. Lyngby, Denmark 

3) Department of Chemistry, University of Copenhagen, DK-2100 København Ø, Denmark 

Alloys of platinum with e.g. nickel and cobalt have been investigated for several decades, 
and show increased activity for the Oxygen Reduction Reaction[1]. However they are not 
adequately stable for long time periods due to the many start up and shut down cycles 
required of a fuel cell during its operational lifetime [2]. More recently, alloys of Pt and early 
transition metals and lanthanides also show significantly improved activity over pure Pt, as 
well as high stability [3].

It has been assumed that alloys with a high heat of formation would also exhibit higher 
stability towards dissolution, despite a larger driving force toward dissolution[3]. We have 
used Density Functional Theory calculations to show that there is a correlation between the 
heat of formation of several X3M alloys and the diffusion barriers experienced by the minority 
element M. This supports the assumption of improved stability for these alloys, as the 
minority element will not dissolve into the solution if transport through the bulk to the surface 
has a very large barrier.

[1] V. R. Stamekovic, et al. Science 2007, 315, 493. [2] Chen et al., J. Electrochem. Soc. 2010, 1571, 
A82-A97. [3] J. Greeley, et al. Nature Chem. 2009, 1, 552.

S19 251

Ex Nihilo Structure Prediction of Materials

* Andrew J. Morris1, Clare P. Grey2, Chris J. Pickard3

1) Theory of Condensed Matter Group, Cavendish Laboratory, University of Cambridge, 
J. J. Thomson Avenue, Cambridge CB3 0HE, United Kingdom 

2) Department of Chemistry, University of Cambridge, Lensfield Road, Cambridge CB2 1EW, 
United Kingdom 

3) Department of Physics and Astronomy, University College London, Gower St, London WC1E 
6BT, United Kingdom 

I present my approach to materials discovery using the ab initio random structure searching 
(AIRSS) method [1].

The traditional lithium-ion battery anode is composed of graphite but recently silicon has 
been proposed as an alternative due to its ten-fold increase in theoretical capacity. Using 
AIRSS[1] we have predicted phases of lithium group 4, group 5 and group 6 compounds[2] 
finding many new phases. We calculate average voltages, capacities and chemical shielding 
and compare these with in and ex situ NMR experiments[3].
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Point-defects can dramatically alter the properties of materials, from semiconductors to 
electrodes and nuclear waste encapsulation. I show that AIRSS is effective at predicting the 
structure of new defects in materials. Along the way we also predict many novel phases 
including 2-dimensional layered phases of silicon, novel 4-lithium atom Zintl defects [4] and 
double-helix-forming Li-P nano-particles and infinite-chains.
[1] C.J. Pickard, and R.J. Needs, Phys. Rev. Lett. 97, 045504 (2006).
[2] Andrew J. Morris, C.P. Grey and Chris J. Pickard, Phys. Rev. B 90, 054111 (2014).
[3] K. Ogata et al, Nature Comm. 5, 3217, (2014).
[4] Andrew J. Morris, R.J. Needs, Elodie Salager, C.P. Grey, and Chris J. Pickard, Phys. Rev. B 87, 

174108, (2013).

S19 252

How does thermal motion influence lattice atoms? 
Challenges on the {100} facet of ceria

* Marcal Capdevila-Cortada1, Nuria Lopez1

1) Institute of Chemical Research of Catalonia (ICIQ) 

The {100} facet of ceria remains a rather unexplored termination. It presents macroscopic 
polarization along the surface normal, which causes surface instability that is somehow 
intrinsically compensated. Despite being substantially less stable than other ceria termination 
planes, it appears to be the only exposed facet of well-defined ceria nanocubes, which 
present marked differential reactivity than other nanoshapes. STM and HREM images of 
ceria nanocubes revealed separated regions either cerium or oxygen terminated. DFT 
studies are usually based on the c(2x2) reconstruction where half of an oxygen monolayer 
is transferred from the surface to the bottom of the slab, accounting for the resolved images 
exhibiting oxygen termination. An alternative reconstruction composed by CeO4 pyramids 
exposing Ce atoms has also been suggested. This termination is slightly more stable than 
the former and would account for the cerium-terminated regions.

In this work, Born-Oppenheimer Molecular Dynamics simulations have been performed 
on the two aforementioned reconstructions of the (100) surface slab, as well as on the 
thoroughly studied (111) surface. The simulations, performed at temperatures ranging from 
400 to 800 K, are based on DFT+U calculations using the PBE functional. The common 
picture of static lattice atoms ready to interact with a given adsorbate appears to be 
questioned by the simulations. Instead, lattice oxygen atoms exhibit high mobility and may 
even present diffusion at T≥700 K.
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S19 253

Lattice dynamic of antiferro-  
and ferro-magnetic phases of FeRh

* Maxim Belov2, Alena Ponomareva1, Ekaterina Smirnova1, Vladimir Dikan1,  
Viktor Koledov1, Igor Abrikosov2

1) Materials Modeling and Development Laboratory, National University of Science and Technology 
2) Department of Physics, Chemistry and Biology (IFM), Linköping University, SE-581 83 Linköping, 

Sweden 
3) Laboratory of Magnetic Phenomena, Kotelnikov Institute of Radio Engineering and Electronics of 

RAS, Mokhovaya 11-7, Moscow, 125009, Russia 

FeRh undergoes an unusual antiferromagnetic-to-ferromagnetic (AFM-FM) transition just 
above room temperature. This magnetic transition was discovered for the first time in the 
late 1930s [1] but the origin of this transition is still a source of active debate. There are basic 
questions about what drives this transition, and usually the driving force is discussed in 
terms of magnetic, lattice and electronic entropy differences between the phases. The lattice 
entropy was extracted from experimental data only at low temperatures [2] and to the best 
of our knowledge have never been calculated theoretically. In this work we have carried out 
calculations in the framework of Temperature Dependent Effective Potential method (TDEP) 
[3] based on ab initio molecular dynamics (AIMD) and obtained full phonon spectra and 
corresponding lattice entropies of AFM and FM FeRh in the wide temperature range. In this 
way we have clarified the effect of lattice entropy difference term.

The support from the Grant of Ministry of Education and Science of the Russian Federation 
(Grant No. 14.Y26.31.0005) is gratefully acknowledged.

[1] M. Fallot, Ann. Phys. Serie 11 18, 291 (1938).
[2] David W. Cooke and F. Hellman, Phys.Rev.Lett 109, 255901 (2012).
[3] O. Hellman, I.A. Abrikosov, & S.I. Simak, Phys. Rev. B 84, 180301 (2011).

S19 254

Designing new materials with the high-throughput toolkit

* Rickard Armiento1

1) Department of Physics, Chemistry and Biology (IFM), Linköping University, Linköping, Sweden 

We give an overview of our recently launched software framework for large-scale database-
driven high-throughput computation that powers our materials-gnome-type online repository 
of ab-inito predicted materials properties at http://openmaterialsdb.se. Our comprehensive 
open-source software library enables preparation, execution, and analysis of ab-initio 
simulations in high-throughput with a high level of automatization. The website repository 
publishes our own results, but also allows others to contribute cryptographically signed 
datasets. We also outline our progress in two important areas of method development for 
high-throughput materials design: (i) a new generalized-gradient approximation (GGA) 
functional for use in Kohn-Sham density-functional theory that improves the orbital description 
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and band structure [1]; (ii) methods for very fast estimates of thermodynamic stability based 
on state-of-the art machine-learning techniques [2].

[1] R. Armiento and S. Kümmel, Phys. Rev. Lett. 111, 036402 (2013); V. Vlcek, G. Steinle-Neumann, 
L. Leppert, R. Armiento, S. Kümmel, Phys. Rev. B 91, 035107 (2015). 

[2] F. Faber, A. Lindmaa, O. A. von Lilienfeld, R. Armiento, Int. J. Quantum Chem., http://dx.doi.
org/10.1002/qua.24917 (2015)

S19 255

Cohesion of the electrodes on diamond device surfaces

* Tack Uyeda1, Isaac Motochi2, Nicholas Makau3, George Amolo3, Ryo Maezono1

1) School of Information Science, Japan Advanced Institute Science and Technology 
2) School of Physics, University of the Witwatersrand 
3) Computational Materials Science Group, Department of Physics, University of Eldoret 

We have investigated the cohesion of electrodes on the diamond semiconductor surface, for 
the application of next generation power devices. The present DFT study aims at exploring 
alternative metals, V, Ti and Ta, rather than Au and Pd, focusing on several transition metals 
having high affinity with carbon to produce transition metal carbides. (111) diamond surfaces 

http://www.formox.com/
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are investigated with H or O terminations as well as bare surfaces. It was found that the O 
termination significantly improves cohesion with transition metal electrodes while it doesn\’t for 
Au and Pd electrodes. The Ta electrode with O terminated surfaces indicates the highest 
cohesion. We also performed p-DOS analysis to confirm whether the localized surface states 
of the pristine diamond surface disappear to form Ohmic contacts. Though Ta gives the highest 
cohesion, our DOS analysis shows that Ti and V have higher carrier density near the Fermi 
level than Ta, implying that they have the capability to form the contact with higher mobility. 

S19 256

Computational search for stable 
and efficient photovoltaic absorbers

* Sabine Körbel1, Miguel Marques1, Silvana Botti1

1) Friedrich-Schiller-Universität Jena, Fürstengraben 1, 07743 Jena, Germany 

Thin-film solar cells, which are a cheaper alternative to conventional ones made of crystalline 
silicon, can be produced by relatively simple processes from abundant elements, which 
makes them in principle a very promising sustainable energy technology.

However, most thin-film solar cells cannot compete with the conventional ones so far: in 
part, the performance of thin-film solar cells is limited by a low thermodynamic stability of the 
absorber compound.

What is needed, therefore, are strategies to stabilize the absorber without compromising 
its functionality. The absorber candidates that interest us the most in this respect are inorganic 
and “hybrid” organic-inorganic perovskites (such as CsPbI3 and CH3NH3PbI3), and 
chalcopyrites (CIGS and CZTS).
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Possible strategies of increasing stability, which we investigate, are
1) doping (substitutionals),
2) replacing one or more elements of the compound, or
3) replacing the entire compound.
An efficient way to test the stability of a compound, and to screen for other, more stable 

ones, consists in calculating the convex hull of the total energy as a function of the composition 
with density-functional theory.

We perform such stability calculations for inorganic and “hybrid” organic-inorganic 
perovskites, and for chalcopyrites.

Besides stability, a crucial requirement of an absorber material is its optical band gap and 
its absorption strength above the band gap, which we model using GW, in order to obtain 
accurate gaps, and the Bethe-Salpeter equation, in order to include excitonic effects.

S19 257

Computational prediction and analysis of layered material 
impurities in photovoltaic devices

* Lee Burton1, Fumiyasu Oba1

1) Tokyo Institute of Technology 

Nanometer thicknesses of 2D materials have been observed to spontaneously form at 
interfaces between solid components and sulfide materials in photovoltaic devices. 
Coincidentally, sulfide photovoltaic materials underperform compared to their selenide or 
telluride counterparts, which has proved frustrating due to the greater costs of the latter 
elements. A simple explanation for such behaviour is that the formation of interstitial 2D 
semiconductors is inhibiting the charge extraction process necessary for successful PV 
device performance. While this may indeed be the case, there are many more considerations 
that must be made in order to fully understand such systems.

We employ density functional theory to analyse the hypothetically configuration depicted 
in Figure 1, using electronic structure, intrinsic defect and bulk calculations. Our key results 
to date are threefold. Firstly, our calculations show that almost all of the photovoltaic device 
configurations with sulfide materials reported in the literature are likely to contain 2D interface 
impurities. Secondly, the electronic effects of these interstitial phases are not always harmful 
to photovoltaic performance, and could be used to boost performance in certain circumstances. 
Finally we are able to suggest optimal configurations using previous unexplored device 
components that are still earth-abundant and relatively inexpensive.
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S19 258

Materials Design of the Low-cost, Environment-friendly  
and High-Efficiency Photovoltaic Solar Cells by Self-regeneration 
Mechanism and Self-organization  
of Nano-structures in Perovskite CsSnI3

* Takuto Kishida1, Tetsuya Fukushima1, Kazunori Sato2, Hideo Asahina1, Hiroshi 
Katayama-Yoshida1

1) Graduate School of Engineering Science, Osaka University 
2) Graduate School of Engineering, Osaka University 

We propose (i)self-regeneration mechanism and (ii)self-organized nano-structures by 
spinodal nano-decomposition in perovskite CsSnI3 for the low-cost, environment-friendly 
and high-efficiency photovoltaic solar cells using first-principles calculations. CsSnI3 shows 
very weak covalent bonding, where due to the Sn-5s and I-5p hybridizations the top of the 
valence bands is mainly formed by these anti-bonding states. In this sense, one can make 
the crystal more stable by inducing holes into the valence bands. The formation energies of 
the defect complexes in CsSnI3 indicate that [VSn+2SnCs], [VCs+SnCs] and [2VCs+Sni] 
have small and negative formation energies under the Sn-rich and Cs-poor conditions. This 
is due to the self-regeneration mechanism by the acceptor (VCs and VSn)-donor (SnCs and 
Sni) self-compensation effect. At the same time, in the Perovskite CsSnI3, we can expect 
self-organized nano-structure by spinodal nano-decomposition. The mixing energies of 
[VCs+SnCs] in CsSnI3 are the convex upward, which proves that the system tends to phase 
separation into CsSnI3 and CsSn2I5 (or SnI5), resulting in the formation of the self-organized 
nano-structure. We will show the combination of the (i) self-regeneration mechanism and (ii) 
self-organized nano-structures by spinodal nano-decomposition makes it possible to fast 
electron-hole separation by type-II band alignment in perovskite CsSnI3.

S19 259

Systematic first-principles lattice  
thermal conductivity calculations

* Atsushi Togo1, Isao Tanaka1,2

3) Center for Elements Strategy Initiative for Structural Materials, Kyoto University 
4) Department of Materials Science and Engineering, Kyoto University 

We have been making systematic calculations of lattice thermal conductivities, for which we 
employed the direct solution of the linearized phonon Boltzmann transport equation1. Lattice 
thermal conductivities of rocksalt (RS), zincblende (ZB), and wurtzite (WZ) type compounds 
were calculated. The figure shows that the calculations at the room temperature are in good 
agreements with experiments in many compounds. It will be also shown that the calculations 
reproduce well experiments in a wide pressure range. It is empirically known that derivative 
of lattice thermal conductivity with respect to volume is nearly constant. For the RS, ZB, and 
WZ compounds, we calculated the linear coefficients. These values can be useful to estimate 
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lattice thermal conductivity at some temperature or pressure using thermal expansion 
coefficient or compressibility.

In this study, the lattice thermal conductivities were calculated with supercell and finite 
displacement approach using phonopy code2. Phonon-isotope scattering is considered for 
the calculations in the figure. Forces on atoms were obtained using VASP code3.
[1] L. Chaput, Phys. Rev. Lett., 110, 265506 (2013)
[2] A. Togo et al., Phys. Rev. B 91, 094306 (2015)
[3] G. Kresse and J. Furthmüller, Comput. Mat. Sci. 6, 15 (1996). 

S19 260

Computational materials design of attractive Fermion system with 
large negative effective Ueff in the hole-doped Delafossite of 
CuAlO2, AgAlO2 and AuAlO2: charge-excitation induced Ueff < 0

* Akitaka Nakanishi1, Tetsuya Fukushima1, Hiroki Uede1, Hiroshi Katayama-Yoshida1

5) Graduate School of Engineering Science, Osaka University 

On the basis of general design rules for negative effective U (Ueff) systems by controlling 
purely-electronic and attractive Fermion mechanisms, we perform computational materials 
design for the negative Ueff system in hole-doped two-dimensional (2D) Delafossite CuAlO2, 
AgAlO2 and AuAlO2. It is found that the large negative Ueff values are realized for the hole-
doped attractive Fermion systems CuAlO2, AgAlO2 and AuAlO2. These values are 10 times 
larger than that in hole-doped three-dimensional (3D) CuFeS2. For future calculations of the 
superconducting critical temperature (Tc) and phase diagram by quantum Monte Carlo 
simulations, we propose the negative Ueff Hubbard model with the anti-bonding single 
π-band model for CuAlO2, AgAlO2 and AuAlO2 using the parameters obtained from ab initio 
electronic structure calculations. With the theory of negative Ueff Hubbard model by Nozieres 
and Schmitt-Rink, we discuss the behavior of Tc in the 2D Delafossite of CuAlO2, AgAlO2 
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and AuAlO2 and 3D Chalcopyrite of CuFeS2, which shows the interesting chemical trend, 
i.e., Tc increases exponentially in the weak coupling regime for the hole-doped CuFeS2, and 
then Tc goes through a maximum for the hole-doped AgAlO2 and AuAlO2, and finally Tc 
decreases with increasing in the strong coupling regime for the hole-doped CuAlO2.

S19 261

A first principles study of strengthening mechanism by boron in 
body-centered cubic iron through (Fe,Cr)23(C,B)6 precipitates

* Ryoji Sahara1, Tetsuya Matsunaga1, Hiromichi Hongo1, Masaaki Tabuchi1

1) National Institute for Materials Science 

It is known that even small amount of boron improves the mechanical properties in high 
chromium heat resistant ferritic steels. In the present study, we performed first principles 
calculations to reveal theoretically the strengthening mechanism by boron in body-centered 
cubic iron (bcc Fe) through (Fe,Cr)23(C,B)6 precipitates.

We analyzed the formation energy of the (Fe,Cr)23(C,B)6 and found that the compounds 
become relatively stable to elemental solids with boron concentration. Furthermore, we 
found that the interface energy of bcc Fe (110) || Fe23(C,B)6 (111) also decreases with boron 
concentration in the compounds. The lower interface energy, which is given by boron 
addition, is explained by the balance between the phase stability change of the precipitates 
and the misfit parameter change between the bcc Fe matrix and the precipitates.

These results claimed that boron is able to stabilize the microstructure of heat resistant 
steels, which is important to understand one of the origins of the creep strength in the ferritic 
steels.

S19 262

Relation between clustering and the electronic structure in 
(Ga, Mn)As and (In, Mn)As

* Van An DInh1, Kazunori Sato1, Hiroshi Katayama-Yoshida2, Tomoyuki Kakeshita1

1) Division of Materials and Manufacturing Science, Graduate School of Engineering, Osaka 
University 

2) Department of Materials Engineering, Graduate School of Engineering Science, Osaka 
University 

In order to re-consider the origin of the ferromagnetism (FM) in (Ga, Mn)As and (In, Mn)As, 
we have performed the electronic structure calculations by using the hybrid functional 
method (HSE06). For the present calculations, we used Vienna Ab initio Simulation Package 
(VASP). We prepared 2x2x2 supercell of zinc-blende structure and replaced some of cation 
atoms by Mn. The structure was fully optimized, and the band structure and decomposed 
band charge density were calculated. Since the clustering tendency of Mn atoms was found, 
we explored the change in band structure depending on the Mn concentration in clusters.
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For small concentrations on Mn atoms, we observed an overlap of impurity bands (IB) 
and valence bands (VB), i.e., the FM is origninated from the p-d exchange interaction. On 
the contrary, the separation of IB from VB was found at higher concentrations. This finding 
implies that the origin of FM in (Ga, Mn)As would change depending on the Mn concentration 
and clustering. We also found that the weight of the p-d exchange mechanism increases in 
(In, Mn)As. 

S19 263

Theoretical Studies of Electronic Structure and Magnetic Property 
in Transition Metal doped Ge2Sb2Te5 by Order-N Screened 
Korringa-Kohn-Rostoker Green’s Function Method

* Tetsuya Fukushima1, Hiroshi Katayama-Yoshida1, Kazunori Sato2, Hitoshi Fujii3, 
Elias Rabel4, Rudolf Zeller4, Peter Dederichs4, Wei Zhang5, Riccardo Mazzarello5

1) Graduate School of Engineering Science, Osaka University 
2) Graduate School of Engineering, Osaka University 
3) Japan Synchrotron Radiation Research Institute, SPring-8 
4) Peter Gruenberg Institut and Institute for Advanced Simulation, Forschungszentrum Juelich and 

JARA 
5) Institute for Theoretical Solid State Physics and JARA-Fundamentals of Future Information 

Technology, RWTH Aachen University 

Recently, magnetic phase-change materials have been synthesized experimentally by 
doping them with 3d transition metal impurities. Here, we investigate the electronic structure 
and magnetic properties of the phase-change material Ge2Sb2Te5 (GST) doped with V, Cr, 
Mn and Fe by density functional calculations. Both the supercell method and coherent 
potential approximation (CPA) are employed to describe this complex substitutionally 
disordered system. As regards the first approach, we consider a large unit cell containing 
1000 sites to model the random distribution of the cations and of the impurities in doped 
cubic GST. Such a large-scale electronic structure calculation is performed using the program 
KKRnano, where the screened Korringa-Kohn-Rostoker Green’s function method is 
optimized by a massively parallel linear scaling (order-N) all electron algorithm. Overall, the 
electronic structures and magnetic exchange coupling constants calculated by KKRnano 
agree well with the CPA results. We find that ferromagnetic states are favorable in the cases 
of V and Cr doping, due to the double exchange mechanism, whereas antiferromagnetic 
superexchange interactions appear to be dominant for Fe- and Mn-doped GST. The 
ferromagnetic interaction is particularly strong in the case of Cr. As a result, high Curie 
temperatures close to room temperatures are obtained for large Cr concentrations.
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S19 264

Equilibrium crystal shapes and surface energies of polar materials

* Hong Li1,2, Lutz Geelhar2, Henning Riechert2, Claudia Draxl1

1) Institut für Physik und IRIS Adlershof, Humboldt-Universität zu Berlin, Zum Großen Windkanal 6, 
12489 Berlin, Germany 

2) Paul-Drude-Institut für Festkörperelektronik, Hausvogteiplatz 5-7, 10117 Berlin, Germany 

Crystal morphologies are important for the design and functionality of devices based on low-
dimensional nanomaterials. The equilibrium crystal shape (ECS) is a key quantity in this 
context. It can be determined by Wulff\’s construction based on surface energies. These 
values are hard to access experimentally but can generally be well predicted by first-
principles methods. Unfortunately, this is not necessarily so for polar and semipolar surfaces 
of wurtzite crystals. By extending the concept of Wulff\’s construction, we demonstrate that 
equilibrium crystal shapes for this class of materials can be obtained based on combinations 
of surface energies only [1]. In this context, we evaluate the performance of different methods 
to compute surface energies, i.e., total-energy supercells calculations of periodic slabs and 
triangular-wedges, as well as the energy-density method [2,3]. We exemplify our approach 
for GaN, a technologically most relevant material. We identify different crystal shapes 
depending on the chemical potential, sheding light on experimentally observed GaN 
nanostructures.
[1] H. Li, L. Geelhar, H. Riechert and C. Draxl, Submitted to Phys. Rev. Lett. (2014).
[2] N. Chetty and R. Martin, Phys. Rev. B 45, 6074 (1992).
[3] M. Yu, D. Trinkle, and R. Martin, Phys. Rev. B 83, 115113 (2011).

S19 265

Pressure Dependent Electronic Properties of Organic 
Semiconductors from First Principles

* Franz Knuth1, Christian Carbogno1, Volker Blum1,2, Matthias Scheffler1

1) Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin 
2) MEMS Department, Duke University, Durham 

We report our recent implementation [1] of the analytical strain derivatives of the total energy, 
i.e., the stress tensor, in the numeric, atom-centered orbitals based all-electron electronic 
structure code FHI-aims. In addition to the contributions that arise at the LDA/GGA level of 
theory, our implementation includes the contributions that stem from van der Waals 
corrections and the exact exchange in hybrid functionals. Our implementation is then 
demonstrated and validated by investigating the influence of pressure on the geometric and 
electronic properties of crystalline trans-polyacetylene, a simple, prototypical example for 
conducting polymers that has challenged first-principles theory for a long time: In agreement 
with previous, high-level quantum chemical studies of one isolated chain [2], we find that the 
fraction of exact exchange included in the calculations critically affects the resulting 
dimerization and thus the band gap of this system. Our calculations also reveal that interchain 
interactions influence the band structure and gap at least as much as the dimerization. 
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Eventually, we point out trends for the electrical conductivity under pressure for the intrinsic 
and doped system.
[1] F. Knuth et al., Comput. Phys. Commun. 190, 33 (2015).
[2] T. Körzdörfer et al., J. Chem. Phys. 137, 124305 (2012).

S19 266

Strained Transition Metal Substrates and its Effects 
on the Adsorption of Water and Ethanol

* Rafael Freire1, Polina Tereshchuk2, Adam Kiejna3, Juarez Da Silva2

1) University of São Paulo, São Carlos Institute of Physics, SP, Brazil 
2) University of São Paulo, São Carlos Institute of Chemistry, SP, Brazil 
3) University of Wrocław, Institute of Experimental Physics, Wrocław, Poland 

The ethanol steam reforming process plays a critical role for hydrogen production from 
renewable resources, where understanding of the interaction of ethanol and water with 
transition-metal (TM) surfaces is a key step. In order to contribute to a better understanding 
of such systems, we report a density functional theory investigation of the role of strain 
effects and lower-coordinated sites on the adsorption properties of ethanol and water on 
different TM substrates, such as Cu(111), Au(111), Pt/Au(111), Pt/Cu(111), etc. As previously 
obtained, ethanol and water adsorb on the different TM substrates nearly parallel to the 
surface by oxygen atom at on-top sites, which is not affected by strain effects. However, the 
magnitude of the adsorption energies of ethanol and water over Pt mono- and sub-monolayers 
on Au(111) increases compared to Au(111), while it decreases for Pt/Cu(111). Furthermore, 
we noticed that, in general, the adsorption energies are closely related with strain effects 
through the d-band center of substrates, and the adsorbed systems have a decrease in the 
work function as a result of low-coordination and adsorption. The understanding of these 
effects can help to design catalysts for specific reactions.

Supported by CNPq (R. L. H. Freire Scholarship), CAPES and FAPESP
o:p>Supported by CNPq (R. L. H. Freire Scholarship), CAPES and FAPESP

S19 267

DFT+U investigation of Au subnanostructures 
on hematite (0001) surface

* Tomasz Pabisiak1, Maciej Winiarski2, Adam Kiejna1

1) Institute of Experimental Physics, University of Wrocław 
2) Institute of Low Temperature and Structure Research, Polish Academy of Sciences 

Highly dispersed gold particles supported on iron oxides are very active catalyst for the 
oxidation of CO at ambient temperatures [1]. In this work the adsorption of Au atoms [2] and 
small Aun nanoclusters (n = 2-4) on hematite (0001) surfaces is investigated using density 
functional theory with Hubbard corrections for strongly correlated Fe 3d electrons (DFT+U). 
The structural, energetic, and electronics properties are examined for the stable orientations 



Ψk-2015

 Abstracts of  Poster Session 1 •  Monday, September 7,  2015 477

of Aun subnanostructures adsorbed on both Fe- and O-rich terminated hematite surfaces. 
The tilted orientations are energetically more favored. The different character of both 
terminations of hematite is reflected in different changes of the adsorption binding energy 
with size of Aun cluster. On Fe-terminated surface the binding energy increases with the 
number of Au atoms in a cluster, whereas on O-rich termination it decreases with increased 
cluster size. Changes in the electronic structure of the Aun nanostructures and the oxide 
support, and consequences for their interactions with CO (Fig.1) are discussed. 

Supported by the National Science Center (NCN), Poland (Grant No. 2012/07/B/
ST3/03009).
[1] M. Haruta, Gold Bull. 37 (2004) 27.
[2] A. Kiejna, T. Pabisiak, J. Phys.: Cond. Matt. 24 (2012) 095003.

S19 268

Configurational effects on the piezoelectric properties of ScAlN

* Miguel A. Caro1, Siyuan Zhang2, Tomi Laurila1, Olga Lopez-Acevedo1

1) Aalto University 
2) Cambridge University 

ScAlN has gained interest as a novel piezoelectric semiconductor because of its enhanced 
piezoelectric response compared to AlN. AlN is CMOS-compatible, opening the door to the 
use of ScAlN in integrated circuits. ScAlN can be used in MEMS for energy harvesting as an 
improved AlN substitute, and has potential applications in the nitride lighting industry [1].

To reliably model ScAlN-containing systems access to good quality parameters is vital, 
in particular piezoelectric coefficients and spontaneous polarization. Large errors in 
experimental data require experiments to be complemented with simulations. The large 
internal strain [2] present in ScAlN together with the practicalities of the calculations 
also make simulations far from trivial. We will present DFT results on piezoelectric coefficients 
and spontaneous polarization of ScAlN in the full compositional regime that allow to interpret 
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the available experimental data. We include a detailed analysis of configurational effects 
and methodology issues that improves upon state-of-the-art simulations and allows to obtain 
meaningful results for this piezoelectric alloy [3].

[1] M. A. Moram et al., J. Mater. Chem. A 2, 6042 (2014).
[2] M. A. Caro et al., Phys. Rev. B 88, 214103 (2013).
[3] M. A. Caro et al., J. Phys.: Condens. Matter, accepted manuscript (2015).

S19 269

DFT studies of initial stages of oxidation of iron surfaces

* Tomasz Ossowski1, Adam Kiejna1

1) Institute of Experimental Physics, University of Wrocław, Wrocław, Poland 

Oxygen adsorption and coadsorption with water or hydroxyl group molecules at iron surfaces 
is a first step in oxide formation and corrosion processes, which are of great importance in 
materials science and many technologies. We present results of DFT investigations of 
adsorption and coadsorption of oxygen, water and its dissociation products at Fe (110) and 
(100) surfaces as well as structures and energetics of a thin iron oxide layers on these 
surfaces. The most stable structures of on-surface, and mixed on- and sub-surface oxygen 
[1] as well as on surface H2O at clean and oxygen precovered iron surfaces are determined 
and discussed. It has been found, that oxygen atoms adsorb in hollow sites at both considered 
surfaces whereas water molecules prefer on-top positions and flat lying orientation. We also 
discuss how the presence of oxygen affects the water and hydroxyl group adsorption at 
considered iron surfaces. Moreover the role of surface defects in adsorption and oxidation 
processes is discussed. The presented results give a contribution to understanding of the 
mechanisms of oxidation and oxides formation on iron surfaces.

Work supported by the National Science Centre (NCN), Poland (Grant No. 2012/07/B/
ST3/03009).

[1] T. Ossowski, A. Kiejna, Surf.Sci. 637-638 (2015) 35-41, doi:10.1016/j.susc.2015.03.001.

S19 270

Investigation of Prussian blue type redox 
catalysts for artificial photosynthesis

* Franziska Hegner1

1) Institute of Chemical Research of Catalonia (ICIQ), Av. Països Catalans 16, 43007, Tarragona, 
Spain

Materials based on Prussian blue ((iron(III)hexacyanoferrate(II)) are very promising water-
splitting catalysts. Not only they show high catalytic activities, but also they are stable and 
easy to prepare. The detailed catalytic mechanisms, however, are still not well understood.
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Via theoretical calculations on Prussian blue and its analogues, we draw conclusions about 
the electronic structure and relative stabilities of the different mixed-valence materials in 
order to draw conclusion about their catalytic behaviour.

S1 001

S19 271

Computational screening of new inorganic materials for photovoltaics

* Korina Kuhar1, Karsten Wedel Jacobsen1, Kristian Sommer Thygesen1, Mohnish Pandey1, 
Filip Anselm Rasmussen1

1) Technical University of Denmark 

We perform computational screening of new inorganic materials for photovoltaics using 
Density Functional Theory (DFT) to identify non-critical raw materials candidates to replace 
currently used materials in the PV industry (silicon, CdTe and CIGS). All the candidates are 
taken from the ICSD database as represented in the OQMD[1] database. The screening 
study requires a set of simple selection criteria which a material must fulfil to be a good PV 
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candidate. We use as selection criteria: 1) structural complexity, investigating the systems 
with the smallest number of atoms in the unit cell first; 2) band gap calculated with LDA; 3) 
band gap calculated with the GLLB-SC functional [2][3] that has been shown to give more 
accurate band gaps at an acceptable computational cost[4]; 4) electron and hole effective 
masses calculated from the GLLB band structure. We furthermore intend to address dielectric 
constants to estimate exciton binding energies, and light absorption calculated with TDDFT. 

On my poster I will present the results after the first few rounds of screening and show 
how the number of candidates is reduced when introducing a new criteria.
[1] 10.1007/s11837-013-0755-4
[2] 10.1103/PhzsRevA.51.1944
[3] 10.1103/PhysRevB.82.115106
[4] 10.1063/1.4893495

S19 272

Thermodynamic and elastic properties of bcc-Ti 
and V and their alloys from ab initio theory

* Maksim P. Belov1,2, Natalia V. Skripnyak2,3, Alena V. Ponomareva1, Svetlana A. 
Barannikova3, Igor A. Abrikosov1,2

1) Materials Modeling and Development Laboratory, National University of Science and Technology 
2) Department of Physics, Chemistry and Biology (IFM), Linköping University, SE-581 83 Linköping, 

Sweden 
3) LACOMAS Laboratory, National Research Tomsk State University, Leninskii Pr 36, Tomsk, 

634034, Russia 

The Titanium -Vanadium binary systems have been investigated by means of ab initio 
pseudopotential methods in the whole range of concentrations with help of special 
quasirandom structure technique (SQS) [1]. The effects of anharmonic lattice vibrations due 
to finite temperature on the phase stability of bcc -Ti alloys were studied. The enthalpy 
curves for the bcc Ti-V alloys were calculated as a function of concentration at different 
temperatures. The importance of the effect of atomic vibrations for calculated enthalpy of 
formation is clearly shown. The elastic properties of the metals and alloys were calculated at 
temperatures from 0 to 1300 K using the ab initio molecular dynamics (AIMD) and the 
methodology for extraction of elastic constants described in [2].

Acknowledgments: This work was supported by the Grant of Ministry of Education and 
Science of the Russian Federation (Grant No. 14.Y26.31.0005), Tomsk State University 
Academic D. I. Mendeleev Fund Program, and the Swedish Foundation for Strategic 
Research (SSF) program SRL10-0026.
[1] Zunger, A., Wei, S.-H., Ferreira, L. & Bernard, J. Phys. Rev. Lett. 65, 353–356 (1990).
[2] Peter Steneteg, Olle Hellman, Olga Vekilova, Nina Shulumba, Ferenc Tasnadi, and Igor A. 

Abrikosov, Phys. Rev. B. 87, 094114 (2013).
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S19 273

Do Cement Nanotubes exist?

H. Manzano7, A. N. Enyashin6, J. S. Dolado7, A. Ayuela4, J. Frenzel5, G. Seifert6

1) LABEIN-Tecnalia, Parque Tecnológico de Bizkaia, Edificio 700, 49160, Derio, Spain. 
2) Concrete Sustainability Hub, Civil and Environmental Engineering Department, Massachusetts 

Institute of Technology, 1-374 Cambridge MA02139, USA. 
3) Nanostructured and Eco-efficient Materials for Construction Unit, Associated Unit LABEIN-

Tecnalia/CSIC, Spain. 
4) Donostia Internacional Physics Centerand Departamento de Física de Materiales, Facultad de 

Químicas, Centro de Física de Materiales CSIC-UPV/EHU. 20018. San Sebastián/ Donostia. 
Spain. 

5) Lehrstuhl für Theorestische Chemie, Ruhr-Universität Bochum, D-44780 Bochum, Germany 
6) echnische Universität Dresden, Institut für Physikalische Chemie und Elektrochemie, D-01062 

Dresden, Germany 
7) 1, 2, 3 

Recent developments in the chemical and mechanical performance of cement-based 
materials have been mainly in relation to the fine tuning of their nanostructure, which consists 
mainly of layered Portlandite (Calcium Hydroxide) and the Calcium-Silicate-Hydrate (C-S-H) 
gel, as seen in Figure. Tayloring the nanostructure may imply the cement reinforcement with 
Carbon Nanotubes (CNT), in order to bring about the required improvement, as in 
nanocomposites, for example. However, progress in research on cement-based materials is 
largely hampered by the intrinsically hydrophobic nature of CNTs and their chemical 
incompatibility with cement hydrates. We herein present an interesting alternative to CNTs in 
the use of inorganic nanotubes (IN) as reinforcement for cementitious materials. We report 
on calculations from first principles that predict the existence and stability of two new varieties 
of INs with two of the most important cement hydrates, namely Portlandite and the C-S-H 
gel. The inherent compatibility of calcium hydroxide and CSH nanotubes with the cement 
matrix, together with their high stiffness and strength, means that they have the potential for 
widespread use as ultimate fibres for the reinforcement of concrete at the nanoscale.

Manzano,H., Enyashin, A.N., Dolado, J.S., Ayuela, A., Frenzel, J. and Seifert, G. Adv. 
Mater. 24, 3239 (2012).
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S19 274

Theoretical investigation compressibility 
of Ir-Os alloys under pressure

* Ekaterina Smirnova1,2, Alena Ponomareva1, Igor Abrikosov1,3

1) Materials Modeling and Development Laboratory, NUST ‘MISIS’, Moscow, Russia 
2) Theoretical physics and Quantum technologies department, NUST ‘MISIS’, Moscow, Russia 
3) IFM, Linköping University, Sweden 

The aim of this work is to theoretically investigate disordered alloys of the Ir-Os system in the 
whole concentration range.The lattice parameter obtained for fcc and hcp alloys changes 
very slowly with increasing concentration of Os because the lattice parameters of Ir and Os 
are close. Calculations performed in the local density approximation (LDA) give slightly lower 
results compared with the experiment, but the theoretical values and the experimental data 
still agree well with each other. The bulk modulus depends on the composition of alloys and 
increases with increasing osmium content. The experiment demonstrated that the alloy did 
not undergo structural transformations at pressures up to 55 GPa, however the dependence 
of the compressibility on the pressure had a peculiarity at 20 GPa. Such a peculiarity may 
be caused by the presence of the so-called electronic topological transition, associated with 
a change of the Fermi surface topology. To investigate this possibility, we have calculated 
the Fermi surface for this alloy at different pressures. However LDA-DFT calculations show 
the absence of electronic topological transition in this alloy upon compression.

The support from the Grant of Ministry of Education and Science of the Russian Federation 
(Grant No. 14.Y26.31.0005) is gratefully acknowledged.

S19 275

Ab initio study of bonding in zinc-modified zeolites

* Lubomir Benco1, Tomas Bucko2,3

1) Computational Materials Physics and Center for Computational Materials Science, Vienna 
University, Sensengasse 8, 1090 Vienna, Austria 

2) Department of Physical and Theoretical Chemistry, Comenius University, Mlynska dolina, 
Bratislava, Slovakia 

3) Institute of Inorganic Chemistry, Slovak Academy of sciences, Dubravska cesta 9, Bratislava, 
Slovakia 

Zinc-modified zeolites catalyse under mild conditions the decomposition of CO2 to O2 and C.
EPR spectra show that univalent Zn+ cations play a role in the intra-zeolite chemistry.
Bonding in zinc modified zeolites is investigated using density functional theory.
Mononuclear and multinuclear zinc particles located in the framework of chabazite and 

ferrierite are inspected. As active sites stable dimers [Zn-Zn]2+ are identified.
The analysis of bonding shows that in each dimer two Zn+ cations are bound by a covalent 

s-s bond. The [Zn-Zn]2+ dimer is a good acceptor of electron density, supporting reactions 
in which O atom dissociates, like the decomposition of CO2 and N2O.

Figure capture: The eight membered-ring in the zeolite framework.
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Two Si/Al substitutions are compensated by the [Zn-Zn]2+ dimer, which is a strong Lewis 
site exhibiting high catalytic activity.

S19 276

Designing improved corrosion inhibitors for copper: 
the case of benzotriazole

* Chiara Gattinoni1, Angelos Michaelides1

1) London Centre for Nanotechnology, University College London, UK 

The design of novel effective corrosion inhibitors has been one of the main goals of the steel, 
copper and, more generally, metallurgical industry for many years. Corrosion is an undesirable 
and costly process which can be prevented with the use of, among other methods, organic 
molecule based coatings. In this work, computer simulations are used to understand the 
behaviour of organic corrosion inhibitors for copper with the aim of building a new molecule 
with enhanced performance. In particular we focus on benzotriazole, a widely used but still 
not well understood corrosion inhibitor for copper, and some of its derivatives. The most 
suitable methods and density functional theory exchange-correlation functionals for these 
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systems are identified first, with a particular focus on the description of van der Waals 
interactions and hydrogen bonding. The films formed by these inhibitors on copper and 
copper oxide surfaces are then investigated, and a complex, coverage-dependent phase 
behaviour is found. The differences obtained with different chemistries are highlighted. 
These findings are correlated to a wide range of surface science and corrosion experimental 
results which confirm the validity of the structures found and allow us to identify the 
fundamental characteristics of an effective corrosion inhibitor.

S19 277

Ab-initio Modeling of Pyrphyrin Adsorption 
on Reconstructed Au(111) Surface

* Yeliz Gurdal1, Marcella Iannuzzi1, Sandra Luber1, Jurg Hutter1

1) University of Zurich 

We study adsorption of Porphyrin derived heterocyclic molecule with cyanide (CN) groups, 
Pyrphyrin (Py), on ideal and reconstructed Au(111) surfaces and compare favorable 
adsorption geometries of the molecule on both surfaces by DFT simulations. Experimentally 
the geometries of self assembly monolayers of Py has been observed. In order to classify 
the role of molecule/metal and molecule/molecule interactions as in the assembling process 
we consider the structure and electronic properties of adsorbed monomer and dimer.

Our calculations show that the most stable adsorption state is the one with adsorption of 
CN links along Au axis with adsorption energy of -82.97 kcal/mol. The interaction to the 
surface is dominated by van der waals with contribution of -79.31 kcal/mol, but the orientation 
and deformation of the molecule are determined by the attraction between the CN groups 
and the closest Au atoms (-1.84 kcal/mol for each CN links). Adsorbed dimer calculations 
show that there are repulsive interactions between CN links of the molecules which results 
in rotation of Py cores to opposite directions on Au surface. Results suggest that adsorption 
geometries of both monomer and dimer show differences with respect to the modeled Au 
surface whether is ideal or reconstructed.
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S19 278

Doping of Ni2MnGa: coherent potential approximation 
and supercell approach

* Martin Zelený1, Alexei Sozinov2, Torbjörn Björkman3, Ladislav Straka4, 
Risto M. Nieminen3

1) Central European Institute of Technology, CEITEC MU, Masaryk University, Brno, Czech 
Republic 

2) Material Physics Laboratory, Lappeenranta University of Technology, Savonlinna, Finland 
3) COMP/Department of Applied Physics, Aalto University School of Science, Aalto, Finland 
4) Aalto University School of Engineering, Laboratory of Engineering Materials, Aalto, Finland 

The influence of Co and Cu doping on phase stability and twining of Ni-Mn-Ga magnetic 
shape memory alloys is investigated by combining two density functional theory techniques. 
In the first step we employed exact muffin-tin orbital method together with the coherent-
potential approximation to find such combinations and concentrations of doping elements, 
which allows higher mobility of twins in tetragonal martensitic phase, i.e. lowering of the 
twinning stress. It seems that this can be achieved by reduction of tetragonal ratio c/a. 
Twinning stress is related to the stress resulting from <101>{101} shear, i.e. shear along the 
twinning plane. Consequently we used a plane-wave code VASP to obtain a series of total 
energies and shear stresses along the transformation path between both twin variants, 
which is associated with the described shear deformation. We used 32 atoms supercells 
with monoclinic symmetry to describe structures along the path. The structural optimization 
was performed applying the GADGET python tool. We have found 35% reduction of shear 
stress along the relaxed path when 3.1 at. % of Cu and Co was added to Ni-Mn-Ga. This 
corresponds well to experiments showing decreased twinning stress for doping by 4 at. % of 
Cu and Co.

S19 279

Computational studies of hydrogen bromide oxidation 
over RuO2(110)

* Michael Higham1

1) Institut Català de Investigació Química, ICIQ, Av. Països Catalans 16, 43007, Tarragona, Spain

Chlorine gas plays a valuable role in industrial chemistry, being used in the manufacture of 
polurethanes and polycarbonates. Bromine can also be utilised by industry, to functionalise 
unreactive alkanes. Both of these processes result in large quantities of HCl and HBr, 
respectively, from which Cl2 and Br2 need to be recovered in order to render these processes 
economical and sustainable. The Deacon process (2HX + 1/2O2 → X2 + H2O) is a possible 
ideal candidate. Ruthenium oxides have already been successfully employed as catalysts 
for the Deacon process for HCl. It is therefore of interest to investigate the catalysis of HBr 
oxidation by such materials. 

Plane-wave DFT as implemented in VASP was applied to a (2x1) slab for RuO2(110), 
consisting of five RuO2 layers interleaved by 15Å of vacuum. The chosen functional was 
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PBE, and a k-point sampling of 4x4x1 was used. Ab initio thermodynamics studies were 
performed, combining DFT results with experimental data. 

Supported by PGAA studies, it is revealed that there is a significant degree of substitution 
of surface O for Br, and penetration of Br to subsurface layers is possible. It is suggested that 
a vacancy-driven mechanism (c.f. HCl oxidation over CeO2) is responsible for the reaction.

S19 280

Mechanical and Structural Stability of Solids Under 
High Pressures From First Principles

* Andrey V Lugovskoy1,2, Igor Y Mosyagin1,3, Maksim P Belov1,3, 
Oleg M Krasilnikov2, Yuri K Vekilov1,2, Igor A Abrikosov1,3

1) Materials Modeling and Development Laboratory, NUST 
2) Department of Theoretical Physics and Quantum Technology, NUST 
3) IFM, LInkoping University, Sweden 

Mechanical properties and stability of metallic materials at extreme conditions, particularly 
high and ultra high pressures, are of increasing interest due to its significance for the practical 
applications in various fields of as well as rapid development of the experimental methods in 
this field, e. g. the possibility to reach pressures above 600 GPa in static experiment. This 
motivates the use of the computer modeling to study the high-pressure behavior of materials.
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We present a systematic study of the elastic, dynamical and electronic properties of the 
transition metals under pressure, calculated in the framework of the Density Functional 
Theory (DFT), using state-of-the-art methods, as well as methods specially developed for 
this study. The focus of the study is on the peculiarities of elastic behavior and electronic 
structure of the studied metals in the presence of deformation and pressure. This includes 
the precursor phenomena of the phase transitions, as well as changes of the mechanical 
properties of materials in specific pressure range.

The support from the Grant of Ministry of Education and Science of the Russian Federation 
(Grant No. 14.Y26.31.0005) and from the grants of The Russian Foundation for Basic 
Research 13-02-00338 and 13-02-00844 is gratefully acknowledged.

S19 281

Effect of Ni, Mn and Mo on phase stability in bcc Fe-Cr alloys 

* Alena Ponomareva1, Igor Abrikosov1,2

1) Materials Modeling and Development Laboratory, National University of Science and Technology 
‘MISIS’, Moscow, Russia, 119049 

2) Department of Physics, Chemistry, and Biology (IFM), Linköpings University, Linköping, Sweden, 
SE-581 83 

Using the exact muffin-tin orbitals method in conjunction with the coherent potential 
approximation as well as the projector-augmented-wave PAW- method we have calculated 
the mixing enthalpy, magnetic moments, effective chemical, strain-induced and magnetic 
exchange interactions to study the effect of alloying with Ni, Mn, Mo on the phase stability of 
the ferromagnetic bcc Fe−Cr system. The main factors leading to the destabilization of the 
solid solution are analyzed. 

It is well known that binary Fe-Cr alloys are anomalously stable at low chromium 
concentrations [1]. Our calculations show that an addition of 5 at. % Ni shifts the local 
minimum in the mixing energy toward lower Cr concentration. This means that Ni decreases 
the solubility of Cr in α-Fe. 

In Fe100-x-07CrxNi05Mn01Mo01 alloys we have not found alloy compositions that have negative 
enthalpy of formation. Analyzing the second derivative of mixing enthalpy, we predict that 
upon Ni, Mn and Mo alloying the spinodal region should become broader. 

The support from the Grant of Ministry of Education and Science of the Russian Federation 
(Grant No. 14.Y26.31.0005) is gratefully acknowledged.
[1] P. Olsson, I. A. Abrikosov, L. Vitos, and J. Wallenius, J. Nucl. Mater. 321, 84 (2003)
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S19 282

Comprehensively Integrated Environment for Materials 
Simulation (CINEMAS) for efficient design of materials

* Seung-Cheol Lee1,2, Kapil Gupta1, Satadeep Bhattachrjee1, Ki-Ha Hong3

1) Indo-Korea Science and Technology, Korea Institute of Science and Technology, Bangalore, 
INDIA 

2) Center for Electronic Materials Research, Korea Institute of Science and Technology, Seoul, 
KOREA 

3) Department of Materials Science and Engineering, Hanbat University, Daejon, KOREA 

Recently, there has been resurgent interest growing to develop a computational environment 
for the preparation, submission and control of massive multiple calculations. Though so far 
there is no single platform that provides a solution to all the requirement of a researcher 
performing density functional theory (DFT) calculations, on a single canvas. In the purview 
of materials simulations, most of the researchers still have been following traditional methods 
of performing these computations in split manner. A lot of advantages can be reaped out by 
graphically interfacing them with the end user through a personal computer.

We here present CINEMAS, a robust, comprehensive and integrated graphical user 
interface. This desktop client program connects, the massive job controller handling multiple 
jobs, structural visualization as well as data plotting customized specifically for the requirement 
of DFT calculations and manipulation of analyzed graphics to publication standards. 
CINEMAS platform also proved automated calculation modules to simulate most of the 
materials phenomena. This tool also enables a user to execute several predefined and 
custom arithmetic of the output data, which is frequently performed by users. In summary, 
this tool is expected to provide a solution to all DFT simulation requirement at a single 
canvas.

S19 283

First principles study of P2 and O3-Na2/3Mn1/3Fe2/3O2 cathode 
materials: relative stability and atomic ordering

* Nebil A. Katcho1, Javier Carrasco1

1) CIC Energigune 

Sodium salts for electrode materials are much more abundant than equivalent lithium salts, 
making them both cheap and easily obtainable. Therefore, Na-ion batteries are the focus of 
an intense research as an alternative to Li-ion batteries. In this quest, NaMO2 layered oxides 
(M = Cr, Mn, Fe, Co, Ni, and mixtures of them) are emerging as a promising familiy of high 
capacity cathode materials [1].

NaMO2 oxides typically crystallize in a variety of polymorphs and phase transitions 
among them are usual during charge and discharge processes. Understanding the relative 
stability of different polymorphs, associated Na/vacancy orderings, and atomic arrangements 
of different transition metals within a given compound are crucial to rationalize the 
electrochemical performance of these materials.
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In this work we report a density functional study on the P2 and O3-NaMnFeO2 phases, 
whose synthesis has recently been reported [2]. We found similar stabilities of both 
polymorphs, which we rationalize in terms of classical electrostatic. In addition, Monte Carlo 
simulations reveal a small preference for short range ordering in the Mn/Fe distribution.
[1] M.H.Han et al., Energy Environ. Sci. 8, 81 (2015).
[2] E.Gonzalo et al., J.Mat.Chem A, 2, 18523 (2014).

S19 284

Site preference of NH3-adsorption on Co,Pt and CoPt surfaces: 
the role of charge transfer,magnetism and strain

* Satadeep Bhattacharjee1,3, Kapil Gupta1,3, Namgee Jung2, Sung Jong Yoo2, Umesh V 
Waghmare1, Seung-Cheol Lee1,4

1) Indo-Korea Science and Technology Center, Bangalore, India 
2) Fuel Cell Research Center, Korea Institute of Science, Korea 
3) Theoretical Science Unit & Sheikh Saqr Laboratory, Jawaharlal Nehru Centre for Advanced 

Scientific Research (JNCASR), Bangalore 
4) Electronic Materials Research Center, Korea Institute of Science, Korea 

We present a comparative analysis of adsorption of NH3 on the (0001) surface of Co in the 
HCP structure and (111) surfaces of Pt and CoPt alloy in the FCC structure, using first-
principles density functional theoretical calculations. While NH3 binds more strongly with the 
Pt surface than with the Co surface, we find that its binding with Co atom is stronger than 
with the Pt atom on the surface of the CoPt alloy. We show that such reversal in adsorption 
behaviour on the CoPt alloy surface is mainly due to the charge transfer from Co to Pt and 
the strain effect arising from the lattice mismatch between them. We also show that 
magnetism plays and important yet weaker role.
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S19 285

Driving select architectures of nanoparticles: 
the role of the van der Waals interactions

Neyvis Almora-Barrios1, Nuria Lopez1

1) Institute of Chemical Research of Catalonia (ICIQ) 

The simulations with dispersion corrections provide a detailed atomistic model for understand 
of structure-function relations in the study of materials. Two scenarios that require this level 
of theoretical approximation are the study of the different architectures of Au nanoparticles 
and the stability, activity and selectivity properties of c-Pd(Pt) nanocatalysts. We have 
investigated a model based on DFT-D2 surface energy calculations to identify key of the 
leading interactions that drive the formation of Au nanorods. The complexity of the procedure 
can be analyzed in detail and the information provided by the calculations paves the way to 
a better compression of synthetic-structure relationships. In the field of catalytic activity, we 
have simulated surfactant on Pd and Pt surfaces and our results contribute to a better 
understanding of activity of the catalyst, modeling for the first time the structure of this novel 
family of material. The resulting insights significantly advance the state-of-the-art to improve 
our knowledge of the roles and effects of electrostatic and van der Waals interactions, 
opening a complete new perspective in the control of new architectures to design of the 
nanoparticles.
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S19 286

Revisiting the surface of La2NiO4:  
A density functional theory study

* Ji Wu1, Giuseppe Mallia1, Andrew Horsfield1

1) Department of Materials, Imperial College London 

La2NiO4 is a potential intermediate temperature solid oxide fuel cell (IT-SOFC) cathode 
material which belongs to the Ruddlesden-Popper (RP) structure series AO(ABO3)n. It 
offers a way to avoid Sr segregation and associated degradation, as Sr doping is not 
essential. While the bulk ionic conduction mechanisms are well studied, its surface structure 
and chemistry are still a matter of debate. Recent experimental work (both with and without 
dopants) reveals it has a La-terminated surface and a highly Ni deficient surface layer; this 
disagrees with earlier results from molecular dynamics, and undermines the conventional 
explanation for the oxygen reduction process at the surface. In this work we evaluate the 
surface energies of La2NiO4 with different phases, terminations and oxygen interstitials 
using hybrid density functional theory method. We find that the La-terminated surface can 
actually be the lowest energy surface. We propose that the difference between the current 
work and previous simulation results may be due to the effect of surface dipole and 
redistribution of electron densities. This new surface could serve as a basis for further oxygen 
adsorption/reduction studies.

S19 287

Reduced mixing enthalpy of TiN/Ti1-xAlxN(100) multilayers

* Fei Wang1, Sergei Simak1, Magnus Odén1, Igor Abrikosov1, Ferenc Tasnádi1

1) Department of Physics, Chemistry and Biology (IFM), Linköping University, SE-581 83 Linköping, 
Sweden 

Design of micro- and nanostructured materials is a sector in materials science with strong 
connection to cutting-edge technology. Superhard materials are developed in the form of 
superlattices and the hardness enhancement is explained by the hindered dislocation motion 
controlled by the materials microstructure and the accumulated coherency strain.

The details of the isostructural decomposition in multilayers and the impact of interfacial 
effects are not fully understood. In this work we extend the approach by Ozoliņš [1] to 
multilayers of alloys to investigate the thermodynamics of TiN/Ti1-xAlxN(100). The mixing 
enthalpy of multilayer is suppressed by both constituent strain and interface chemistry 
equally. We predict that the compositional variation of this decrease correlates with shape of 
the bulk mixing enthalpy of Ti1-xAlxN that is the largest suppression is derived at the 
composition where the bulk mixing enthalpy has a maximum. We find that local lattice 
relaxations along z direction at the interface become more substantial with increasing Al 
composition. The Ti and N atoms show large relaxations at the interface with higher Al 
composition, while Al atoms remain small relaxations regardless of Al composition.
[1] V. Ozoliņš et al. Phys. Rev. B 57, 4816 (1998)
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S19 288

Linear-scaling DFT study on the structural and electronic 
properties of Ge/Si core-shell nanowires

* Jian-Bo Lin1, Ayako Nakata1, David.R Bowler2, Tsuyoshi Miyazaki1

1) National Institute for Materials Science(NIMS) 
2) University College London(UCL) 

Silicon (Si) and germanium (Ge) core-shell nanowires (NWs) have many attractive properties 
for next generation devices. We can expect that the electronic properties can be controlled 
by varying the diameter of the core and/or the thickness of the shell of NWs. Thus, it is very 
important to clarify and understand how the strains are distributed in the actual NWs which 
caused by the lattice mismatch between Ge and Si.

In this work, using our linear-scaling or O(N) DFT code CONQUEST, we performed 
structure relaxation of the core-shell NWs whose diameters are up to 10nm. The code can 
complete DFT calculations on million-atom systems and we can calculate the structural and 
electronic properties of the NWs with the actual size. We will present the distributions of the 
strains in Si/Ge(Ge/Si) core-shell NWs with various sizes and models. We will also show the 
Kohn-Sham eigenstates near the Fermi level using Sakurai-Sugiura method by dealing with 
the Hamiltonian from O(N) DFT calculations.

This work is done in collaboration with the experimental group headed by Dr. N. Fukata 
at NIMS-MANA, Dr. S. Arapan(NIMS), Dr. Y. Futamura, Prof. T. Sakurai (Tsukuba Univ.), Dr. 
C. O’Roulke and Mr. S. Mujahed (UCL) for theoretical calculations.

S19 289

Modelling All-Solid-State Batteries

* Harald Oberhofer1, Christoph Scheurer1, Johannes Voss2, Alan Luntz2,  
Karsten Reuter1

1) Theoretische Chemie, TU München, Garching, Germany 
2) SUNCAT Center, Stanford University, Stanford, California, USA 

In view of climate change and fossil fuel depletion it is evident that humanity needs to 
transition from a fossil fuel based economy to one based on renewable energies. Yet, this 
process is hampered by insufficient and inadequate (for e.g.~mobility applications) alternate 
energy storage solutions. All-solid-state batteries, based on solid-state electrolytes (SSE), 
currently receive lots of attention due to their potentially high energy densities and stability. 
Yet, they suffer from very low power densities due to limited charge carrier transport across 
the interface with the electrodes.

In our contribution we present an effective model of an all-solid-state battery incorporating 
structural and dielectric properties of the material at hand as well as the concentration of 
dopants. Using this model we demonstrate the formation of charge carrier blocking layers in 
the electrolyte at open circuit conditions explaining the relatively poor performance of current 
SSE based devices. Furthermore, we investigate techniques currently discussed as a 
possible remedy, such as introduction of spacer layers between SSE and electrodes, and 
their effect on the expected device performance.
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S19 290

Circularly polarized luminescence in Eu-doped GaN

* Akira Masago1, Mitsuharu Uemoto1, Tetsuya Fukushima1, Kazunori Sato2, 
Hiroshi Katayama-Yoshida1

1) Graduate School of Engineering Science, Osaka University 
2) Graduate School of Engineering, Osaka University 

This study theoretically predicts that the circularly polarized luminescence occurs when 
magnetic moments appear in Eu-doped GaN, which is commonly known as a red light 
emitting diodes (LEDs), and the modifications that are proposed toward high-efficient red 
LEDs in our earlier works. In this study, we calculate electronic structures of ferromagnetic 
and antiferromagnetic states of the modifications, which have impurity positions different 
from the others. Herein, we used Vienna Ab initio Simulation Package (VASP). As a result, 
all the modifications are stable when the impurities assemble themselves in the host material. 
Moreover, all these modifications are stable in ferromagnetic states, though the energy 
differences between the ferromagnetic and the antiferromagnetic states are small. The 
electronic structures in the ferromagnetic states are suitable to the circularly polarized 
luminescence, because the transitions that can occur in those electronic structures must be 
accompanied with the spin inversion. However, the property may be realized in low 
temperature, because the critical temperature of ferromagnetism is related with an energy 
difference between the ferromagnetic and antiferromagnetic states.

S19 291

Inverse Design of Inorganic Electrides

Yunwei Zhang1, Hui Wang1, Yanchao Wang1, Yanming Ma1

1) State Key Lab of Superhard Materials, Jilin University 

Electrides, in which all of or part of the valence electrons occupy interstitial regions in the 
crystal and behave as anions, have been synthesized at ambient or high-pressure conditions.

Their loosely bound anionic electrons markedly differ from those nearly free electrons in 
metalsor trapped electrons at specific sites such as F-centres, that make electrides good 
candidates for electro-active materials.

Motivated by potential applications, we report a developed methodology to systematically 
design electrides for given chemical systems. The new approach is based on the swarm-
intelligence CALYPSO algorithm on structure prediction and requires only the chemical 
compositions to predict the electride phases. In contrast to the traditional ground state structure 
prediction method where the total energy was solely used as the fitness function, here we adopted 
the degree of interstitial electron localization as the fitness function in combination with the first-
principles calculation to select the optimal solutions for a description of given chemical systems.

Here, we conducted a large-scale search for new binary electrides with various 
stoichiometries. A series of energetically favourable electrides have been predicted and all 
experimentally known two-dimentional electride have been successfully reproduced, such 
as Ca2N and Y2C. The result suggested that our approach is reliable and can be widely 
applied into design of new electrides.
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S19 292

Phonon Engineering for Hot-Carrier Solar Cells

* Hugo Levard1, Sana Laribi1, Jean-Francois Guillemoles1

1) Institute for Research and Development on Photovoltaic Energy (UMR 7174 EDF-CNRS-Chimie 
ParisTech)

The practical development of the ultimate photovoltaic device that is the Hot-carrier solar cell 
has up to now been impeded by the stringent requirements on the absorber material 
properties. In particular, it must exibit a LO-phonon lifetime one order of magnitude longer 
than what it is in common semiconductors.

In the framework of hot-carrier solar cell absorber material design, we revisit the LO-
phonon decay processes in a wide variety of III-V and group IV binary semiconductors using 
state of the art ab intio methods. We present a detailed description of the two-phonon final 
states in a three-phonon process, from the exact dispersion relation calculated within the 
Density Functional Perturbation Theory formalism. We focus on the relations between 
Klemens surfaces features and atomic mass differences, and the importance of the Ridley 
channels. From these relations is highlighted a new material suitable for hot-carrier solar 
cells from a three-phonon process point of view. Finally, we investigate the relevance of 
including higher order-phonon processes to correctly descibe the LO-phonon decay.

S19

Thermodynamics of CuPt nanoalloys via a new DFT-fitted 
atomistic potential

* Kevin Rossi1, Luca Pavan1, Francesca Baletto1

1) King’s College London

Corresponding author: Kevin Rossi (kevin.rossi@kcl.ac.uk)

Bimetallic nanoclusters display an enhancement of catalytic properties with respect to their 
bulk counterpart mainly due to their high surface to volume ratio and the shift of their d-band 
center. Chemical and physical features of nanoalloys are strongly dependent on their size, 
shape and chemical ordering. [1] In order to simulate the finite temperature kinetics of large 
nanoparticles (number of atoms > 100) semiempirical potentials are often employed due to 
the fact that a full quantum treatment of the system is computationally expensive. In our work 
we develop the first parametrization of a Rosato-Guillope-Legrande [2](second moment tight 
binding approximation) to model Copper Platinum interaction in a nanoalloy  by means of 
density functional calculations. Furthermore the conformational space of CuPt nanoparticles 
is then explored via moleculary dynamics coupled with Metadynamics [3] and via melting/
freezing procedures.
[1] Jellinek, J; Ferrando, R;  Chem. Rev., 2008, 3, 108
[2] Rosato, V; Guillope, M; Legrand, B; Phil. Mag. A, 1989, 59, 321.
[3] Laio, A; Parrinello, M; PNAS, 2002, 99, 20
[4] Pavan, L; Rossi, K; Baletto, F; in preparation
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S20 293

Gaussian approximation potentials: the case of α-iron

* Daniele Dragoni1, Gábor Csányi2, Nicola Marzari1

1) Theory and Simulations of Materials (THEOS), and National Center for Computational Design 
and Discovery of Novel Materials (MARVEL), Ecole Polytechnique Fédérale de Lausanne, 1015 
Lausanne, Switzerland 

2) Engineering Laboratory, University of Cambridge, Trumpington Street, Cambridge, CB2 1PZ, 
United Kingdom 

Interatomic potentials are often necessary to describe complex realistic systems that would 
be too costly to study from first-principles simulations. Commonly, interatomic potentials are 
modeled with functional forms driven by physical intuition and fitted to experimental or 
computational data. The moderate flexibility of these functional forms limits their ability to be 
systematically improved by increasing the fitting datasets; on the other hand, their qualitative 
description of the essential physical interactions ensures a modicum degree of transferability. 
Recently, a novel trend has emerged where potential-energy surfaces are represented by 
neural networks fitted on large numbers of first-principles calculations, thus maximizing 
flexibility but requiring extensive datasets to ensure transferability. Gaussian Approximation 
Potentials in particular are a novel class of potentials based on non-linear, non-parametric 
Gaussian-process regression. We apply here this approach to the case of α-iron, training a 
GAP model from energies, stresses and forces taken from finite-temperature first-principles 
molecular dynamics simulations of pristine and defected bulk systems, and of surfaces with 
different crystallographic orientations, covering roughly 35000 local atomic environments. 
Finally, verify this GAP model by comparing its predicted structural, vibrational, and 
thermodynamic properties against those derived directly from first-principles.
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S20 294

QM-based Data Chemistry:  
A Strategy for Computational Molecular/Reaction Discovery 
Based on the Global Reaction Route Mapping

* Hiroko Satoh1, Tomohiro Oda2, Kumiyo Nakakoji3, Takeaki Uno1, Hiroaki Tanaka4, 
Satoru Iwata4, Koichi Ohno5

1) National Institute of Informatics, Tokyo, Japan 
2) Software Research Associates Inc., Tokyo, Japan 
3) Kyoto University, Kyoto, Japan 
4) University of Tokyo, Tokyo, Japan 
5) Tohoku University, Miyagi, Japan 

We have launched a project for molecular/reaction discovery based on big data of QM-
based global reaction route networks. The global reaction data includes equilibrium 
structures, dissociation channels, and transition structures, which are automatically 
calculated by global search on a potential energy surface using the GRRM (global reaction 
route mapping) method [1]. Applications for designing molecules and reaction routes are 
important part of the project. Data-mining and visualization technologies as well as 
chemoinformatics methods are essential to retrieve useful information from the reaction 
data. In the first stage of the project, we have developed a system, RMapViewer [2], to 
visualize and retrieve the GRRM outputs. We have applied this tool to global conformational 
search and obtained multiple minimum energy paths (MEP) for the flipping of a pyranose 
ring of monosaccharides. We have found some candidates structures with hyper-valence 
carbon as well as an interesting new carbon family, named prism C2n [3] and their sheet 
structures. We report here the overview of the project as well as the first application results.
[1] Ohno, K.; Maeda, S. A Chemical Physics Letters, 2004, 384, 277-282.; Maeda, S.; Ohno, K. J. 

Phys. Chem. A 2005, 109, 5742-4753. Ohno, K.; Maeda, S. J. Phys. Chem. A 2006, 110, 8933-
8941.

[2] http://sourceforge.net/projects/rmapviewer/
[3] Ohno, K.; Satoh, H.; Iwamoto, T. Chem. Lett. in press. (doi:10.1246/cl.150120)
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S20 295

Relations Between Machine Learning and Quantum Mechanics

* Gionni Marchetti1, Alexandre Tkatchenko1

1) Fritz-Haber-Institut der Max-Planck-Gesellschaft, 14195 Berlin, Germany 

Machine learning (ML) techniques, such as kernel ridge regression (KRR), have been 
recently successfully employed for accurate out-of-sample prediction of molecular properties. 
Much of the ongoing research aims to find an optimal representation (descriptor) of molecules, 
which could enable simultaneous and “chemically accurate” predictions for different 
molecular properties. In the search for such a “universal” descriptor, it would be desirable to 
identify a potential relationship between ML methods and quantum mechanics (QM). In the 
present work we study several quantitative relations between ML and QM in order to 
understand how much “quantumness” is embedded in KRR, and possibly to find a way 
which may lead to a better connection between ML and causal prediction of QM observables 
throughout chemical space.

S20 296

Estimation of band-gaps of binary compounds using density 
functional theory calculations and machine learning algorithms

* Joohwi Lee1, Atsuto Seko1, Kazuki Shitara1, Isao Tanaka1

1) Department of Materials Science and Engineering, Kyoto University, Japan 

Band-gap is a simple but important parameter to characterize semiconductors and insulators 
for optical and electronic applications. However, there is a well-known problem for 
conventional LDA and GGA-level calculations for the band gap: Typically band-gaps are 
significantly underestimated by such calculations. Several ways to overcome the problem 
have been reported. One is to use hybrid functionals and GW-level calculations to evaluate 
band-gaps more accurately. Another approach is to correct the band-gap based on a DFT 
systematic data set of the band gap for reference systems. In the present study, we 
demonstrate the applicability of regression techniques to predict relationships between 
different levels of approximations in the DFT calculation. We set a target property to the 
difference of eigenvalues of valence band maximum and conduction band minimum at 
gamma point for AX binary compounds. A first-principles data set was prepared by 
systematically performing the G0W0 calculation with HSE06 functional and DFT calculation 
with PBE and mBJ functionals for AX compounds. Prediction models for the GW band-gap 
were then made from DFT band-gaps, numerical information of constituent elements and 
crystal structure using the ordinary least squares and nonlinear support vector regressions. 
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S20 297

Density functionals via machine learning

* John C. Snyder1, Felix Brockherde1, Eberhard K. U. Gross2, Klaus-Robert Müller1, 
Kieron Burke3

1) Technische Universität, Berlin 
2) Max Planck Institute for Microstructure Physics, Halle 
3) University of California, Irvine 

Over the last few years, considerable progress has been made in using machine learning to 
accurately construct density functionals. In particular, we are concerned with approximating 
the kinetic energy as a functional of the density, in pursuit of a fast, scalable and 
accurate orbital-free density functional theory.

S20 298

A Gaussian Approximation Potential (GAP) 
for the Ge2Sb2Te5 phase change material

* Dr. Gábor Csányi1,2, Felix-Cosmin Mocanu3, Prof. Stephen Elliott2,3

1) Engineering Laboratory, University of Cambridge, Cambridge, CB2 1PZ, UK 
2) Department of Chemistry, University of Cambridge, Cambridge, CB2 1EW, UK 
3) Centre for Scientific Computing, Cavendish Laboratory, JJ Thomson Avenue, Cambridge, CB3 

0HE, UK 

Machine-learning techniques, such as gaussian process regression can be used to leverage 
large collections of ab-initio electronic structure data on interesting materials into fitted 
closed-form potentials. The aim is to lose as little of the accuracy of the ab-initio methods in 
order to carry out larger scale simulations with the same computational cost. Ge2Sb2Te5 
(GST) is a material with a fast thermal transition (down to 0.5 ns) between crystalline 
(“rocksalt-like”) and amorphous phases. The contrast in electrical resistivity between these 
two states has made the material a noteworthy candidate for fast and non-volatile memory 
devices operating at low-power. Its “plasticity” in terms of sequential or parallel voltage-pulse 
programming of the amorphous-crystalline transition, makes it a potentially well-suited 
material for (“brain-like”) neuromorphic computer architectures. We used data from ab-initio 
Molecular Dynamics simulations to fit an initial GAP model for GST. We then examined basic 
properties of the model for amorphous, crystalline and liquid configurations and compared 
them with independent DFT runs and experimental data. We studied the effects of enlarging 
the training data with: configurations of the stoichiometric material (Ge3Sb2Te5), configurations 
of the binary sub-lattices (GeTe and Sb2Te3) as well as configurations with different defect 
concentrations.
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S20 299

Locality of forces in molecular systems

* Max Veit1, Gábor Csányi1

1) University of Cambridge 

Machine learning models systematically interpolate interatomic potentials from electronic 
structure calculations, thereby exploiting the smoothness of the Born-Oppenheimer potential 
energy surface. However, the complexity of training and evaluating such a potential scales 
poorly with the size of the local atomic environment used as its input. Thus, the accuracy of 
these methods depends on the localization of the interatomic forces. We test an algorithm to 
quanify the locality of the DFT-derived forces in molecular systems. The insights gained from 
this research could pave the way for a systematic method to account for nonlocal forces in 
machine learning atomistic simulations.

S20 300

The NoMaD Laboratory and Big-Data Analytics:  
Extracting hidden information from repositories  
of computational materials science

* Fawzi Mohamed1, Luca M. Ghiringhelli1, Christian Carbogno1, Claudia Draxl1,2, 
Alessandro De Vita3, Daan Frenkel4, Francesc Illas5, Risto Nieminen6, Angel Rubio7,8, 
Kristian Sommer Thygesen9, Matthias Scheffler1

1) Fritz Haber Institute of the Max Planck Society, Faradayweg 4-6, D-14195 Berlin 
2) Humboldt-Universität zu Berlin, Physics Department and IRIS Adlershof, Zum Großen Windkanal 

6, D-12489 Berlin 
3) King’s College London, Department of Physics, Strand, London WC2R 2LS, United Kingdom 
4) Department of Chemistry, University of Cambridge, Lensfield Road, Cambridge CB2 1EW, 

United Kingdom 
5) Universitat de Barcelona, Departament de Química Física & IQTCUB, c/Martí i Franquès 1, 

E-08028 Barcelona 
6) Aalto University, COMP Centre of Excellence, Department of Applied Physics, PO Box 11100, 

FI-00076 Aalto, Espoo 
7) Max Planck Institute for the Structure and Dynamics of Matter, Luruper Chaussee 149, D-22761 

Hamburg 
8) University of the Basque Country CFM CSIC-UPV/EHU-MPC and DIPC, Nano-Bio Spectroscopy 

group and ETSF Scientific Development Centre Department of Materials Physics, Avenida de 
Tolosa 72, E-20018 Donostia 

9) Technical University of Denmark, CAMD, Physics Department, Anker Engelundsvej 1, Bld. 307, 
DK-2800 Kgs. Lyngby 

Initiatives like the NoMaD Repository [1] give access to the raw data of computational 
material-science studies performed with a variety of codes. To take advantage of the wealth 
of information hidden in this very heterogeneous, open access data, the base layer of the 
NoMaD Lab [2] − an infrastructure to perform advanced big-data analytics and complex 
queries over this kind of data − is presented.
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First a translation layer transforms the data into a standardized format that uses an hdf5 
or a json file. This file uses a flexible classification system that can be easily extended, to 
describe the data stored. As a consequence, all data are stored in a uniform, robust and 
extensible representation.

Then the reactive (responsive, resilient, message-driven and dynamically resizable) 
application that started the standardization might complete the data calculating derived 
quantities. Finally Apache Flink [3] (a fast large-scale data-processing engine) is used to 
efficiently perform complex queries on the extracted data.

Illustrative examples of the queries and data analytics enabled by the NoMaD Lab, and 
of its scalability, are demonstrated.
(*) Work done in collaboration with the NoMaD team [2]

[1] http://nomad-repository.eu/
[2] http://nomad-lab.eu/
[3] http://flink.apache.org/

http://sourceforge.net/projects/rmapviewer/
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Symp. 22: Electron Phonon Coupling and Thermoelectricity
Organized by Christian Carbogno, Nicola Marzari, Matthieu 

Verstraete, Claudia Draxl, George
Poster Area B,C,D

S22 301

Non-Perturbative Effects of Electron-Phonon Interaction  
in Strongly Disordered Systems

* DOMENICO DI SANTE1, SERGIO CIUCHI2

1) CNR-SPIN L’Aquila, Italy 
2) Department of Physical and Chemical Sciences, L’Aquila, Italy 

When disorder and electron-phonon interaction work on comparable energy scales, a strong 
entanglement between them arises, and the effect of disorder can no more be described as 
a mere broadening of the spectral features [1]. Using a combinations of DMFT, Typical 
Medium Theory, and Self-Consistent Non Crossing Approximation we study the half-filled 
disordered Holstein model. We found that near the Anderson localized phase the electron-
phonon interaction is able to drive the states near the Fermi energy toward localization. In 
the metallic phase polaronic signatures could be found up to very small values of e-ph 
coupling. Phonon quantum fluctuations instead favour metallic phase. These results, which 
are relevant for high electron density, can be of direct relevance to disordered electron-
phonon materials such as covalent semiconductors or A15 compounds.
[1] D. Di Sante & S. Ciuchi, Phys. Rev. B 90, 075111 (2014)

S22 302

Stability and electronic properties of the thermoelectric  
clathrates Ba8AlxSi46-x and Sr8AlxSi46-x

* Maria Troppenz1, Santiago Rigamonti1, Claudia Draxl1

1) Humboldt-Universität zu Berlin 

Clathrate compounds are promising candidates for high-efficiency thermoelectric materials. 
Their cage-like structure, containing guest atoms, allows for exploiting the idea of the 
phonon-glass electron-crystal and reaching a large figure of merit. Compared to the well-
studied Ga-Ge based clathrates, Al-Si counterparts are attractive in terms of price, weight, 
and environmental impact. We focus on Ba8AlxSi46-x and Sr8AlxSi46-x, where optimal electronic 
transport properties are expected close to the Zintl composition (x=16). However, the 
synthesis of samples with x > 10 for Sr or x > 15 for Ba has not been achieved so far [1]. We 
explore the structural stability of the compositional range 6 < x < 16, and the relative stability 
against competing phases observed in experiments (e.g. SrAl2Si2). Due to the large number 
of substitutional configurations we devise a special iterative cluster expansion (CE) approach 
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to find the groundstate configurations (Fig. 1-a). The low energy configuations are mostly 
metallic and their structural properties are in good agreement with experimental data. The 
Zintl compositions reveal semiconducting behavior (Fig. 1-b), which makes them 
technologically relevant.
[1] J. H. Roudebush et al.; Inorg. Chem. 51, 4161 (2012)

S22 303

Tight binding model for thermal properties of Si nanostructures

* Ankita Katre1, Georg K. H. Madsen1

1) ICAMS, Ruhr-Univeristät Bochum, 44801 Bochum, Germany 

Predictive modelling of the thermal conductivity of nanostructures remains a large challenge. 
Ab initio studies rely on parameterised models of scattering rates of the nanostructure 
elements.[1] Simplified interatomic potentials, on the other hand, often fail in the quantitative 
prediction of thermal conductivity.[2] However, this is not an inherent limitation of short 
ranged models.[3] We have developed a simple and short ranged orthogonal tight binding 
model for the thermal properties of different nanostructures of Si. The model is based on the 
functional form proposed by Goodwin et al.,[4] to parametrise the bonding and repulsive 
potentials. We systematically introduce separate handles to tune the value and slope of the 
potential energy with respect to interatomic distance. The model is shown to reliably 
reproduce the thermal conductivity and other thermal properties of diamond Si at the same 
time as the energetics. We also demonstrate the improvement over earlier tight binding 
models and contrast the transferability of our model with simple interatomic potentials.
[1] Katre et. al., JAP, 117, 045102 (2015).
[2] Broido et. al., PRB, 72, 014308 (2005).
[3] Katre et. al., JPCM, 25, 365403 (2013).
[4] Goodwin et al., EPL, 9, 701 (1989).
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S22 304

The electron-phonon coupling and superconductivity  
for light-actinides on fcc structure: a first principles study

* Paola Gonzalez-Castelazo1, Romeo de Coss-Martinez1, Omar De la Pena-Seaman1,2, 
Rolf Heid2, Klaus-Peter Bohnen2

1) Physics Institute (IFUAP), Benemerita Universidad Autonoma de Puebla (BUAP) 
2) Institute of Solid State Physics (IFP), Karlsruher Institute of Technology (KIT) 

We have studied the electronic structure, lattice dynamical properties, electron-phonon (e-
ph) coupling and superconducting properties of the light-actinides (Ac, Th, Pa, U) on fcc 
structure. These systems have been studied within the framework of density functional 
perturbation theory, using a mixed-basis pseudopotential method.

The electronic density of states (DOS), full-phonon dispersion as well as the Eliashberg 
spectral function (α2F(ω)) and the electron-phonon coupling (λ) parameter have been 
calculated with and without the inclusion of spin-orbit coupling (SOC).

The observed effects of SOC on α2F(ω) for the light-actindes under study have its roots 
on the changes of two quatities: the full phonon dispersion and the e-ph coupling matrix 
elements. The observed influence of these two ingredients is different depending of the 
actinide, and it is analyzed together with the contribution of the different states on the DOS 
at the Fermi level.

Finally, the superconducting critical temperature (Tc) has been analyzed solving 
numerically the Eliashberg gap equations on the strong-coupling regime with the information 
provided from α2F(ω) for the light-actinides.

S22 305

Indirect optical absorption using the Williams-Lax theory

* Marios Zacharias1, Christopher Patrick1, Feliciano Giustino1

1) Department of Materials, University of Oxford 

The electron-phonon interactions play a fundamental role in studying the temperature 
dependence of the electronic energy levels and the optical absorption in materials. Recently, 
the semi-classical Franck-Condon approximation (Williams-Lax theory) has been found to 
be successful in calculating photo-absorption spectra at a molecular level using a stochastic 
approach [1]. It has been proposed that this technique could be used not only to calculate 
phonon-assisted optical absorption, but also to investigate electron-phonon renormalizations 
[2]. In this work we systematically assess the performance of the semi-classical approach in 
the case of extended solids. We calculate from first principles the optical absorption spectra 
of silicon at several temperatures. For the treatment of nuclear dynamics and electronic 
excitations at finite temperature we use the importance sampling Monte Carlo method. Our 
results for the absorption coefficient compare well with the experimental measurements.
[1] C. E. Patrick and F. Giustino., Nature Commun., 4, 3006, 2013.
[2] C. E. Patrick and F. Giustino., J. Phys.: Condens. Matter, 26, 365503, 2014.
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S22 306

Thermoelectric properties of n-doped Silicon  
and simple metals from first-principles

* Mattia Fiorentini1, Nicola Bonini1

1) King’s College London 

Understanding transport phenomena is a key task to design and engineer materials for 
thermoelectric and nano-electronic applications. Despite the extensive activity in the field, the 
state-of-the-art still lacks a comprehensive first-principles numerical framework to tackle the 
problem. Here we present a computational infrastructure to calculate the electronic transport 
coefficients of bulk systems within the Boltzmann transport equation (BTE) formalism. The 
electronic and vibrational properties, including the electron-phonon interaction, are computed 
using Density Functional theory and Density Functional Perturbation theory. We exploit the 
Wannier interpolation to efficiently sample fine grids in reciprocal space. The linearized BTE is 
solved exactly using a Conjugate Gradient algorithm. Our method goes beyond the standard 
practice, which relies upon various flavors of the relaxation-time approximation and uses semi-
empirical models of carriers\’ dispersions and interactions. Here we study the thermoelectric 
properties of n-doped Silicon and simple metals in a wide range of temperatures. Our results 
are in good agreement with the experimental observations and elucidate the relative importance 
of the various scattering mechanisms in the different regimes. For the under investigation 
metals, we give an explanation for the anomalous behavior of the Seebeck coefficient. As an 
additional outcome, we assess the accuracy of simplified models and approximations that are 
commonly used to study transport in semiconductors.

S22 307

Correlated Electron-Nuclear Dynamics: Exact Factorization  
of the Time-Dependent Electron-Nuclear Wavefunction,  
Exact Potential Energy Surfaces and Berry Phases

* Ali Abedi1

1) Nano-Bio Spectroscopy Group, UPV/EHU and CFM, Centro Joxe Mari Korta, Avenida de Tolosa, 
7220018, Donostia-San Sebastian, Spain 

The coupling between electronic and nuclear motion plays an important role in many 
fascinating phenomena, such as superconductivity, the process of vision, as well as photo-
synthesis. As a first step towards a full ab-initio treatment of the coupled electron-nuclear 
system, we deduce an exact factorization of the electron-nuclear wavefunction into a purely 
nuclear part and a many-electron wavefunction which parametrically depends on the nuclear 
configuration. We derive formally exact equations of motion for the nuclear and electronic 
wavefunctions that lead to a rigorous definition of time-dependent potential energy surfaces 
(TDPES) and time-dependent geometric phases. We present important features of the 
TDPES in the presence of strong electron-nuclear coupling. In addition, we demonstrate that 
the molecular Berry phase is, in general, not a true topological feature of the exact electron-
nuclear wavefunction and only appears in the limit of infinite nuclear mass.

http://nomad-repository.eu/
http://nomad-lab.eu/
http://flink.apache.org/
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Starting from the electronic and nuclear equations in the exact factorization framework 
we discuss a novel derivation of the electron-phonon coupling that accounts for the coupling 
to the ground-state and excited-states phonons.

Finally, a novel mixed quantum-classical approach to the coupled electron-nuclear 
dynamics is presented.

S22 308

How sensitive are thermoelectric properties  
to the exchange account used to generate the band structure?

* Kristian Berland1, Clas Persson2

1) University of Oslo, SMN, Dept. of Physics 
2) University of Oslo, Structure Physics, Dept. of Physics 

With ongoing efforts to better account for electronic scattering mechanisms in density-
functional theory (DFT) based approaches to Boltzmann transport theory, we can expect 
more reliable predictions of thermoelectric properties such as the Seebeck coefficient.

This expectation motivates our study of how thermoelectric properties are affected 
by whether a traditional GGA-type or a more sophisticated hybrid functional is used to 
generate the underlying band structure. Considering a set of simple bulk thermoelectric 
materials, we find that traditional functionals often cause a premature onset of minority 
carrier transport.

Even if this issue is ameliorated by using band-gap widening, we still find that the choice 
of exchange functional can have a significant impact on thermoelectric properties. The 
results are analyzed in terms of the shape of the band structure and the transport-spectral 
function.

S22 309

Phonon-Phon Interaction in Strongly Anharmonic Crystals

* Lorenzo Paulatto1, Davide Campi2, Ion Errea3, Matteo Calandra1, Francesco Mauri1

1) Institut de Mineralogie, de Physique des Materiaux, et de Cosmochimie (IMPMC) - CNRS/UPMC 
Paris 6/MNHN - France 

2) Dipartimento Di Scienze dei Materiali - Universitá di Milano-Bicocca - Italy 
3) University of the Basque Country/Euskal Herriko Unibertsitatea - Donostia/San Sebastián and 

KERBASQUE, Bilbao - Spain 

Anharmonic effects can be treated perturbatively as long as they are weak. At lowest order, 
the harmonic phonon self-energy should be corrected by four Feynman self-energy diagrams. 

We have developed a method and a chain of computational tools to compute the effect of 
the four diagrams in the most computationally efficient way. The third order term is computed 
via the “2n+1” theorem [1]; the fourth order, is treated with the stochastic self-consistent 
harmonic approximation method [2]. The combination of the two methods allows us to 
simulate the phonon spectral function, at any energy and momentum; even in the presence 
of strong anharmonicity, where the density functional perturbation theory breaks down [3].
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We have applied this technique to strongly anharmonic palladium hydrate to predict the 
phonon spectral function [3] and to low thermal conductivity chalcogenides where, solving 
exactly the Boltzmann-Peyerl transport equation [4], we can explain the measure thermal 
transport as coming from electron-phonon coupling, anharmonicity and different sources of 
disorder.
[1] L.Paulatto, F. Mauri, M. Lazzeri. Phys. Rev. B 87, 214303 (2013)
[2] I. Errea, M. Calandra, and F. Mauri. Phys. Rev. Lett. 111, 177002 (2013)
[3] L. Paulatto, I. Errea, M. Calandra, F. Mauri. Phys. Rev. B 91, 054304 (2015)
[4] G.Fugallo, M.Lazzeri, L.Paulatto, and F.Mauri. Phys. Rev. B 88, 045430 (2013)
[5] D. Campi, L. Paulatto, et.al. In prep.

S22 310

Thermal stabilization and transport properties  
of SnSe from First Principles

* Antoine Dewandre1, Olle Hellman2, Aldo H. Romero3, Matthieu J. Verstraete1

1) Department of Physics, Université de Liège, allée du 6 août, 17, B-4000 Liège, Belgium 
2) Department of Physics, Chemistry and Biology (IFM), Linköping University, SE-581 83, 

Linköping, Sweden 
3) Department of Physics, West Virginia University, 207 White Hall, 26506, WV, USA 

Thermoelectric materials and the thermoelectric effect have a long history in material 
science. They are used to convert heat into electricity, or inversely to heat or cool a system 
using an electrical potential difference[1,2]. They are an excellent alternative energy 
source, harvesting waste heat from power production and other thermal engines. The 
recent discovery[3] of a high thermoelectric efficiency (ZT = 2.6) in monocrystalline Tin 
Selenide has revolutionized the field by demonstrating that it was possible to find efficient 
and economical intrinsic bulk systems and thus bypassing the need for expensive 
nanostructuring or complex doping strategies. It was shown a high thermoelectric efficiency 
was obtained for the high-temperature phase of SnSe. Here, we present a first principle 
study of the low and high temperature phase and a comparison of electrical transport 
properties calculated within the Boltzmann approach, with experiment[3]. We also discuss 
the phase transition that occurs as the temperature grows. We highlight the dynamical 
instability of the high temperature phase and show that a key feature to reproduce 
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experimental electronic properties is the charge carrier concentration that grows with 
temperature.
[1] G. S. Nolas, J. Sharp, and H. J. Goldsmid, Thermoelectrics: basic principles and new materials 

developments, volume 45, Springer, 2001.
[2] S. B. Riffat and X. Ma, Applied Thermal Engineering 23, 913 (2003).
[3] L.-D. Zhao et al., Nature 508, 373 (2014).

S22 311

First-principles calculation of femtosecond  
symmetry-breaking atomic forces in photoexcited bismuth

* Éamonn Murray1, Stephen Fahy1,2

1) Tyndall National Institute, Cork, Ireland 
2) Dept. of Physics, University College Cork, Ireland 

We present a first-principles method for the calculation of the polarization-dependent atomic 
forces resulting from optical excitation in a solid [1]. We calculate the induced force driving 
the Eg phonon mode in bismuth immediately after absorption of polarized light. When 
radiation with polarization perpendicular to the c-axis is absorbed, the photo-excited charge 
density breaks the three-fold rotational symmetry, leading to an atomic force component 
perpendicular to the axis. We calculate the initial excited electronic distribution as a function 
of photon energy and polarization and find the resulting atomic force components parallel 
and perpendicular to the axis. The changes in electronic distribution induced by x- and 
z-polarized photons are shown in the figure. The magnitude of the calculated force is in 
excellent agreement with that derived from recent measurements of the amplitude of Eg 
atomic motion and the decay-time of several femtoseconds for the driving force.
[1] É. D. Murray and S. Fahy Phys. Rev. Lett 144, 055502 (2015)
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S22 312

First-principles calculation of anharmonic phonon frequency, 
lifetime, and thermal conductivity of cubic SrTiO3:  
A self-consistent phonon approach

* Terumasa Tadano1, Shinji Tsuneyuki2,3

1) Department of Applied Physics, The University of Tokyo 
2) Department of Physics, The University of Tokyo 
3) Institute for Solid State Physics, The University of Tokyo 

Calculation of phonons at finite temperature is currently limited within the framework of 
ordinary DFT calculations, such as DFPT or the finite-displacement approach, due to the 
absence of anharmonic effects. For example, standard phonon calculations (at 0K) of cubic 
perovskites yield imaginary modes. This is a long-standing issue that prohibits us to obtain 
thermodynamical, dynamical, and transport properties of severe anharmonic systems 
including thermoelectric, ferroelectric, and superconducting materials. To overcome the 
limitation, a non-perturbative treatment of anharmonic effects is essential.

In this study, we present an efficient framework to calculate anharmonic phonon frequency 
and phonon lifetime that is applicable to severe anharmonic systems. The method is based 
on the self-consistent phonon theory and employs anharmonic force constants extracted 
from DFT calculations by using the compressive sensing technique.

We applied the method to the high-temperature phase of SrTiO3 and obtained phonon 
quasiparticles free from imaginary frequencies. We will demonstrate that phonon lifetimes 
and the lattice thermal conductivity can also be calculated by employing the perturbation 
theory on top of the SCPH result. In addition, the essential role of the polarization mixing in 
the ferroelectric soft mode will be shown.

S22 313

Engineering Phonon Scattering by Driving PbTe Materials  
to a Phase Transition via Strain or Alloying

* Ronan Murphy1,2, Eamonn Murray2, Stephen Fahy1,2, Ivana Savic2

1) Department of Physics, University College Cork, Cork, Ireland 
2) Tyndall National Institute, Cork, Ireland 

Efficient thermoelectric energy conversion is highly desirable as 60% of the consumed 
energy is wasted as heat. Low lattice thermal conductivity is one of the key factors leading 
to high thermoelectric efficiency of a material [1]. However, the major obstacle in the design 
of materials with this property is the difficulty in efficiently scattering phonons across the 
frequency spectrum [2]. Using first principles calculations, we predict that driving PbTe 
materials close to a Peierls-like phase transition could be a powerful strategy to solve this 
problem. We illustrate this concept by applying tensile [001] strain to PbTe and its alloys with 
another rock-salt IV-VI material, PbSe; and by alloying PbTe with a IV-VI Peierls-distorted 
material, GeTe. This induces extremely soft optical modes, which increase acoustic-optical 
phonon coupling and decrease phonon lifetimes at all frequencies. We show that such PbTe, 
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Pb(Se,Te) and (Pb,Ge)Te alloys could have the thermal conductivity considerably lower than 
that of PbTe. The proposed concept may open new opportunities for the development of 
more efficient thermoelectric materials.
[1] G. J. Snyder and E. S. Toberer, Nature Mater. 7, 105 (2008). 
[2] K. Biswas et al. Nature 489, 414 (2012).

S22 314

The EPW code

* Samuel Ponce1, Roxana Margine2, Carla Verdi1, Feliciano Giustino1

1) University of Oxford, United Kingdom 
2) Binghamton University SUNY, United States 

The electron-phonon interaction in the context of first-principles calculations is an often 
disregarded quantity due to its complexity and expected small contribution. Recent works 
have shown that this last assumption was incorrect and lead to a boom in the field.

The Electron-phonon Wannier (EPW) code is an open-source F90/MPI code which 
calculates properties related to the electron-phonon interaction using Density-Functional 
Perturbation Theory and Maximally Localized Wannier Functions. The code delivers Wannier 
interpolated electron and phonon self-energy lifetime within the Migdal approximation as 
well as the zero-point motion (ZPM) and temperature dependence of electronic eigenstate. 
The code can also be used to compute transport properties within the Migdal-Eliashberg 
theory 

We present the most recent developpements of the EPW software: (i) the code is now 
fully functional with the latest version of the Quantum Espresso 5 software; (ii) transport 
properties can be calculated; (iii) anisotropic Migdal-Eliashberg theory for electron-phonon 
superconductors; (iv) the real part of the electron self-energy can now be computed and give 
access to the ZPM as well as the temperature-dependence of eigenstates; (v) tutorials and 
documentation have been revamped to improve user-friendly experience.

S22 315

Strong electron-phonon coupling in the σ-band of graphene

* T Frederiksen1,2, F Mazzola3, J Wells3, T Balasubramanian4, B Hellsing1,5

1) Donostia International Physics Center (DIPC), UPV/EHU, E-20018 San Sebastián, Spain 
2) IKERBASQUE, Basque Foundation for Science, E-48013, Bilbao, Spain 
3) Department of Physics, Norwegian University of Science and Technology (NTNU), N-7491 

Trondheim, Norway 
4) MAX-lab, PO Box 118, S-22100 Lund, Sweden 
5) Material and Surface Theory Group, Department of Physics, University of Gothenburg, Sweden 

We present a first-principles study of the electron-phonon (e-ph) coupling strength in free-
standing graphene. We analyze it in terms of the dimensionless mass enhancement 
parameter λ, resolved in terms of final-state electron energy for a photohole created in either 
a σ- or a π-band, using the SIESTA code [1] in combination with a finite-difference scheme 
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for the e-ph coupling [2,3]. Our calculations show that λσ is significantly greater than λπ. Near 
the top of the σ valence band we obtain λσ ≈ 0.8 in agreement with recent angle-resolved 
photoemission spectroscopy (ARPES) experiments [4].

As proposed in the experimental work, we confirm that the longitudinal optical phonons 
provide the most essential contribution to the exceptionally large λσ value. However, we also 
find an important contribution to λσ and λπ from the interband scattering π→σ and σ→π, 
respectively, mediated by the out-of-plane phonons. Finally, we also explore the role of 
strain which turns out to diminish the interband scattering.
[1] J. M. Soler et al., J. Phys.: Condens. Matter 14, 2745 (2002)
[2] https://sourceforge.net/projects/inelastica
[3] T. Frederiksen et al., Phys. Rev. B 75, 205413 (2007)
[4] F. Mazzola et al., Phys. Rev. Lett. 111, 216806 (2013)

S22 316

Thermoelectric properties of two- and one-dimensional  
silicene and germanene from first-principle calculations

* Kaike Yang1, Andres Cantarero3, Angel Rubio1, Roberto D’Agosta1, Kaike Yang2, 
Angel Rubio2, Roberto D’Agosta2, Roberto D’Agosta4

1) Nano-Bio Spectroscopy Group, Departamento de Fisica de Materiales, Universidad del Pais 
Vasco UPV/EHU, Avenida de Tolosa 72, 20018 San Sebastian, Spain 

2) European Theoretical Spectroscopy Facility (ETSF) 
3) Instituto de Ciencia de Materiales, Universidad de Valencia, 46071 Valencia, Spain 
4) IKERBASQUE, Basque Foundation for Science, 40813 Bilbao, Spain 

It has been shown recently that the figure-of-merit of graphene nanoribbons embedded by 
hexagonal boron nitride can be remarkably enhanced [1]. Based on density-functional theory 
here we investigate the thermoelectric energy conversion efficiency of atomically thin Si and 
Ge, i.e., silicene and germanene [2]. We consider both the two-dimensional silicene and 
germanene, together with nanoribbons of different widths. For the nanoribbons, we have 
also investigated the possibility of nanostructuring these systems by mixing Si and Ge. We 
found that the figure of merit at room temperature of these systems is remarkably high, up 
to 2.5.
[1] K. Yang, Y. Chen, R. D’Agosta, Y. Xie, J. Zhong, and A. Rubio, Phys. Rev. B 86, 045425 (2012).
[2] K. Yang, S. Cahangirov, A. Cantarero, A. Rubio, R. D\\\’Agosta, Phys. Rev. B 89, 125403 (2014).
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S22 317

Optimal thermoelectric figure of merit 
of SiGe core-shell nanowires

* Kaike Yang1, Andres Cantarero2, Angel Rubio1, Roberto D’Agosta3

1) Nano-bio spectroscopy group - San Sebastian, Spain and Universidad del Pais Vasco/EHU - 
Donostia San Sebastian, Spain 

2) Universidad de Valencia - Valencia, Spain 
3) Nano-bio spectroscopy group - San Sebastian, Spain and Universidad del Pais Vasco/EHU - 

Donostia San Sebastian, Spain, and IKERBASQUE, Basque Foundation for Science - Bilbao, Spain 

We investigate the thermoelectric energy conversion efficiency of Si and Ge nanowires. In 
particular, we consider Si/Ge core-shell nanowires. We show how the presence of a thin Ge 
shell in a Si core nano-wire increases the overall figure of merit. We find the optimal thickness 
of the Ge shell in terms of providing the largest figure-of-merit of the devices. We consider 
also Ge core/Si shell nanowires and we show that there is not an optimal thickness of the 
shell, since the figure-of-merit is a monotonously decreasing function of the radius of the 
nano-wire. Finally, we verify the empirical law that relates the electron energy gap to the 
optimal working temperature, the one maximising the efficiency of the device. 

S22 318

Thermoelectric Properties of SiGe from First Principles

* Felipe Murphy Armando1

1) Tyndall National Institute, University College Cork 

We calculate the n-type carrier thermoelectric properties of SiGe alloys, using the Boltzmann 
transport equation and first-principles band structure and scattering lifetimes. The Seebeck 
coefficient, carrier resistivity and electronic thermal conductivity are calculated as a function 
of temperature, Ge content, doping concentration and strain, including bi-polar effects. We 
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use a 30 k.p band structure fitted to first principles GW calculations[1] and our previously 
calculated alloy[2] and electron-phonon[3] carrier scattering parameters, also obtained from 
first principles. Impurity scattering is included in the Brooks-Herring approach. We also 
calculate from first principles the change of the electronic bands with temperature. We find 
excellent agreement to experiments[4,5] (see Figure), and predict the effects of strain on the 
figure of merit, ZT. We also find the optimum configuration of doping, Ge content, temperature 
and strain for systems with reduced phonon thermal conductivity.
[1] D. Rideau et al, PRB 74, 195208(2006)
[2] F. Murphy-Armando and S. Fahy, PRL 97, 096606(2006)
[5] F. Murphy-Armando and S. Fahy, PRB 78, 035202(2008)
[10] J.P.Dismukes, et al.,JAP 35, 2899(1964)
[11] A.Amith,PR 139, A 1624 (1965)

S22 319

Refined forces within the FLAPW method:  
Drift forces and FD phonon spectra

* Daniel Aaron Klüppelberg1, Markus Betzinger1, Stefan Blügel1

1) Peter Grünberg Institut and Institute for Advanced Simulation, Forschungszentrum Jülich and 
JARA, D-52425 Jülich, Germany 

Density functional theory (DFT) is nowadays the workhorse for simulating the electronic 
structure of real materials. Atomic forces are indispensable for relaxing the geometric 
structure to its ground state and enable the calculation of phonon spectra via the finite-
displacement (FD) method. For the latter, typically a much higher accuracy of the force is 
required than for structural optimization.

We analyze the precision of the force formalism of Yu et al. [1] within the all-electron full-
potential linearized augmented plane wave (FLAPW) approach as realized in the FLEUR 
code [2]. We demonstrate that the precision of the forces can be increased by up to three 
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orders of magnitude by properly taking into account the tail of the energetically high-lying 
core states and the (slight) discontinuities at the muffin-tin sphere boundaries. Phonon 
spectra obtained by the FD method employing our refined force formalism [3] are shown.
[1] R. Yu, D. Singh, and H. Krakauer, Phys. Rev. B 43, 6411 (1991)
[2] www.flapw.de
[3] D. Klüppelberg, M. Betzinger, and S. Blügel, Phys. Rev. B 91, 035105 (2015)

S22 320

Assessment of the accuracy of hybrid  
density-functionals for polarons in oxides

* Sebastian Kokott1, Sergey Levchenko1, Matthias Scheffler1

1) Fritz Haber Institute of the Max Planck Society, Berlin 

Due to the reduction of the self-interaction error, hybrid density-functionals such as PBE0 or 
HSE06 are better suited to describe localization phenomena of charge-carriers in oxides than 
(semi-)local functionals. The fraction of the exact exchange α and the screening parameter ω 
in HSE06 are usually either taken unchanged, or are fixed with an extra condition [1,2]. For the 
hole polaron in MgO we find, similarly to an excess electron in TiO2 [3], that its calculated 
ground-state properties depend sensitively on (α, ω). Therefore, we determine the optimal 
parameters by the exact DFT constraint that the Kohn-Sham HOMO level should be constant 
as function of occupation. We consider localized lattice distortions in an otherwise perfect 
crystal, as well as Mg and O vacancies, to study the dependence of the optimal parameters on 
the system. The resulting range of α is 0.24-0.27 for ω = 0.11 bohr-1, and α= 0.21-0.24 for ω = 
0. For all these (α, ω), the ground state of the hole polaron is found to be Bloch-like, delocalized 
over all oxygen atoms.— [1] Richter et al., PRL 111, 045502 (2013); [2] Atalla et al., PRB 88, 
165122 (2013); [3] Spreafico and VandeVondele, PCCP 16, 26144 (2014).
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S22 321

Helmholtz Fermi surface harmonics: an efficient approach for 
treating anisotropic problems involving Fermi surface integrals

* Idoia G. Gurtubay1,2, Asier Eiguren1,2

1) Materia Kondentsatuaren Fisika Saila, Zientzia eta Teknologia Fakultatea, University of the 
Basque Country UPV/EHU, 644 Posta kutxatila, E-48080 Bilbo, Basque Country, Spain 

2) Donostia International Physics Center (DIPC), E-20018 Donostia-San Sebastian, Basque 
Country, Spain 

We present a new efficient numerical approach for representing anisotropic physical 
quantities and/or matrix elements defined on the Fermi surface (FS) of metallic materials. 
The method introduces a set of numerically calculated generalized orthonormal functions, 
which are the solutions of the Helmholtz equation defined on the FS, where the periodicity 
of the reciprocal space is treated as a boundary condition. In essence, what we introduce is 
a generalization of the Spherical Harmonics for any periodic Fermi surface (regardless of its 
topology). The main motivation of the approach is to handle anisotropic many-body problems 
very efficiently. In this context we demonstrate how our theory reduces, by several orders of 
magnitude, the computational effort when applied to several well know many-body theoretical 
models such as the electron-phonon. Moreover, the method is demonstrated to be very 
robust in handling problems with any crystal structure or topology of the FS. We illustrate the 
method showing applications on several relevant bulk systems [1]
[1] A. Eiguren and I. G. Gurtubay, New J. Phys. 16, 063014 (2014)

S22 322

Theoretical Study of Ga-based Chalcopyrite  
compounds as Thermoelectric Materials

* Hiroki Funashima1, Atsuko Kosuga2, Shun Miyaue1, Yosuke Fujii2, Akira Yanase3, 
Hiroshi Katayama-Yoshida1

1) Graduate School of Engineering Science, Osaka University 
2) Nanoscience and Nanotechnology Research Center, Research Organization for the 21st 

Century, Osaka Prefecture University 
3) Institute of Scientic and Industrial Research, Osaka University 

Recently, chalcopyrite compounds have interesting properties useful for thermoelectric 
materials. Above all, it is known that Ga-based chalcopyrite componds has beter thermoelectric 
properties. In addition, Kosuga and Fujii et al., showed that GaCuTe2 which is fabricated 
under room temperature and high pressure has better thermoelectric properties and 
existence of some structural phases. First of all, we discuss the phase stability under the 
pressure, 0 ~ 20 GPa, we found that the chalcopyrite phase is the most stable phase in 
these region, but in pressure high pressure, diffrence between the enthalpy of chalcopyrite 
phase and those of other phase is not so large. Secondly, we calculated the formation 
energy and indicated the process of the natural cu-vacancy. Under consideration of these 
facts, we calculated the thermoelectric properties, the Seebeck coefficient, electrical 
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conductivity and thermal conductivity using DFT and DFPT calculation. In our calculation, 
within semiclassical transport framework, calculation result of the seebeck coefficient is 
good agreement with experimental data. For phonon-phonon term in thermal conductivity, 
we indicate that anharmonic effect is important for Ga-based chalcopyrite componds. Finally 
we analyzed these mechanism from the crystal symmetry, electronic and phonon structure 
of these compounds.

S22 323

Ab-initio computational modelling  
of electron-phonon interaction in polar materials

* Carla Verdi1, Feliciano Giustino1

1) University of Oxford 

Accurate ab-initio calculations of electron-phonon properties in crystalline solids are still a 
challenging topic due to the considerable computational effort of such calculations. 
Moreover, the investigation of the electron-phonon interaction has been mainly driven by 
the study of metals and superconductors, but the interest is now strongly shifting to 
insulators and lightly doped semiconductors in order to better understand their charge-
transport properties for instance. A relevant class is the one of polar materials where the 
electrons can be strongly coupled to the macroscopic electric field induced by optical 
phonons at long wavelength (Fröhlich coupling). While most of the studies on the electron-
phonon interaction in polar materials employ a model Hamiltonian, in our work we manage 
to perform full ab-initio calculations using the Wannier function representation of EPW. In 
particular, we obtain fully converged electron-phonon coupling parameters for notable 
materials such as GaN and TiO2.
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S22 324

Vibrational Dynamics of Skutterudites: Role of the Fillers

* Susmita Basak1, Christian Carbogno1, Matthias Scheffler1

1) Fritz Haber Institute of the Max Planck Society, Berlin, Germany 

Skutterudites are regarded as promising materials in thermoelectric applications, since filling 
their cage-like structures with guest atoms allows to tune the electronic and vibrational 
transport and thus to optimize the thermoelectric efficiency. To explain experiments, various 
conflicting phenomenological models (e.g., localized incoherent rattling [1], coherent guest-
host coupling [2]) have been suggested.

However, the actual mechanism driving the vibrational dynamics is still topic of scientific 
debate. To clarify this question, we perform systematic density functional theory 
calculations for the electronic and vibrational (harmonic) properties of a set of skutterudites 
(CoSb3, CoAs3) and guests (Ga, In, Sn, etc.), whereby we carefully benchmark the role 
of exchange-correlation functionals (LDA, GGA, Hybrids) and discuss the associated 
errors. Our calculations reveal strong electron-phonon coupling in the empty hosts that 
can be tuned by guests, which translates into a sensible dependence of the electronic 
properties on geometries. This leads to drastically different dynamics for different guests, 
ranging from coherent phonon modes to the formation of localized polarons. Eventually, 
we discuss the implications of our findings for controlling the vibrational thermal 
conductivity.

[1] G. A. Slack, CRC Handbook of Thermoelectrics, pp 407 (1995).
[2] M. M. Koza et al., Nature Materials, 7(10), 805 (2008).

S22 325

Ab-initio calculation of the Raman spectrum 
of graphene-based materials

* Albin Hertrich1, Caterina Cocchi1, Pasquale Pavone1, Claudia Draxl1

1) Humboldt-Universität zu Berlin, Department of Physics 

Raman scattering is an important non-destructive method for characterizing carbon-based 
materials. The main features of experimental Raman spectra of pristine graphene and 
graphite are the first-order G-band at ≈1580 cm-1 and the dispersive second-order 2D-band 
at ≈2700 cm-1. While different stacking sequences of graphene layers have only little influence 
on the G-band, the 2D-band is affected in shape and position. We calculate Raman spectra 
fully ab-initio using the full-potential all-electron DFT package exciting [1], which allows for 
the calculation of both phonon dispersion, within the frozen-phonon approximation, and 
frequency-dependent dielectric tensors, from time-dependent DFT and the Bethe-Salpeter 
equation. In our approach [2], we expand the dielectric tensor with respect to the phonon 
normal coordinates. By taking its derivative and by computing vibrational matrix elements, 
we calculate Raman scattering intensities. Applying this scheme to graphene and graphite, 
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we obtain the G-band in good agreement with experiment. Furthermore, we explore the 
mechanism behind the 2D-band.
[1] A. Gulans et al. J. Phys.: Condens. Matter 26 (2014) 363202
[2] C. Ambrosch-Draxl et al. Phys. Rev. B 65, 064501 (2002)

S22 326

Electronic and vibrational properties of TiSe2  
in the charge-density wave phase from first principles

* Raffaello Bianco1, Matteo Calandra1, Francesco Mauri1

1) CNRS, UPMC-IMPMC 

We study the charge-density wave instability in TiSe2 by using first principle calculations.
We consider several local functionals and both experimental and theoretical cell 

parameters.
We show that, if the cell parameters used are in agreement with the experiment, density 

functional calculations are able to reproduce not only the structural instability of TiSe2 but 
also the effective distortion observed in the experiments. The results obtained are robust 
with respect to the local functional used.

We also study the electronic structure evolution of the system under the charge-density 
wave deformation.

In particular, we apply the unfolding techinque in order to compare the calculated energy 
bands for the distorted structure with angle-resolved photoemission spectroscopy (ARPES) 
data taken at low temperature.

In order to obtain a better agreement between ARPES and calculated bands, we 
investigate the effect of the correlation on the electrons of the localized Ti-d orbitals by using 
the LDA+U method. We show that within this approximation the electronic bands for both the 
undistorted and distorted structure are in very good agreement with ARPES. On the other 
hand, the U eliminates the phonon instability of the system.

Some possible explanations for this counter intuitive result are proposed.

S22 327

Theory of polaron bandnarrowing and phonon renormalization 
due to quadratic electron-phonon coupling

* Pablo Garcia Risueno1,2 Claudia Draxl1,2, Karsten Hannewald1

1) Humboldt Universitat zu Berlin, Zum Grossen Windkanal 6, 12489 Berlin, Germany 
2) Fritz Haber Institut (MPG), Faradayweg 6, 14195 Berlin, Germany 

We present a novel non-perturbative theory of electron-lattice interaction beyond the linear-
coupling regime. Based on a solution of the Holstein-Peierls model for quadratic electron-
phonon coupling, we derive explicit expressions for the polaron band structure as a function 
of temperature as well as for the dressed-phonon frequencies as a function of electron 
density. Special emphasis is put on the similarities and differences to the case of linear 
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electron-phonon coupling. Applications to real materials (e.g., organic crystals) by 
supplementing the theory with ab-initio material parameters are discussed.

S22 328

Formation of Vacancies in Si- and Ge-based Clathrates:  
The Importance of Broken Symmetries

* Amrita Bhattacharya1, Christian Carbogno1, Matthias Scheffler1

1) Fritz Haber Institute of Max Planck Society 

One promising material class for thermoelectric applications are clathrates, i.e., group-IV 
host lattices that can encapsulate guest atoms (sometimes called fillers or rattlers). Even in 
simple clathrates such as Si46 and Ge46 these guests induce important but not yet understood 
structural changes, e.g., the formation of vacancies.

We use density-functional theory to compute the formation energies of vacancies and 
their thermodynamic stability in K and Ba filled Si- and Ge-clathrates, whereby disorder, 
geometri relaxations, as well as vibrational and configurational entropies are accounted for.

Our calculations show that –in spite of their isoelectronicity– Si- and Ge-clathrathes 
behave fundamentally different, since filling gradually stabilizes vacancies in Ge, but not in 
Si: In thefully filled limit, the most favorable phases are the defect-free K8Si46 / Ba8Si46 phases 
and K8Ge44 / Ba8Ge43, featuring two / three vacancies. Our findings resolve controversial 
experimental discussions regarding the vacancy concentrations in these compounds. We 
trace back these contrasting trends in vacancy formation to qualitatively different Jahn-Teller 
distortions in Si and Ge that only occur in these clathrates. Eventually, we critically discuss 
the role of exchange and correlation by benchmarking various semi-local and hybrid 
functionals.

S22 329

The butterfly- modelling STM imaging on Si/Ge(001):H

* Mads Engelund1, Thomas Frederiksen2, Aran Garcia-Lekue2, Daniel Sanchez-
Portal1, Szymon Godlewski3, Marek Kolmer3, Rafal Zuzak3, Marek Szymonski3

1) Centro de Fisica de Materiales - Consejo Superior de Investigacion Cientifica 
2) Donostia International Physics Center 
3) Center for Nanometer-Scale Science and Advanced Materials, Jagiellonian University 

Dangling bond arrays on Si/Ge(001):H substrates can be patterned rapidly with atomic 
precision and exhibit complex and rich physics making them interesting from both 
technological and fundamental physics perspectives. But the complex behavior makes 
Scanning Tunneling Microscopy (STM) imaging difficult to interpret. In particular, an 
interesting symmetric empty-state constant-current topography, the “butterfly”, has so far 
eluded precise explanation.

We propose a simple model to explain the “butterfly”- that (1) the electron-phonon coupling 
is strong enough to quickly sample several degenerate microscopic states and that (2) the 
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transition rate out of a specific microscopic state is proportional to the STM current in that 
state. This model reproduces experimental STM images very well for both Si and Ge. 
Furthermore, based on our model, we propose a method to actively switch these microscopic 
states with high selectivity.

S22 330

Electron-Phonon Interaction with  
Numeric Atom-centered Orbitals

* Honghui Shang1, Christian Carbogno1, Patrick Rinke1,2, Matthias Scheffler1

1) Fritz-Haber-Institut der MPG, Berlin, DE 
2) Aalto University, Helsinki, Fi 

The electron-phonon interaction plays a crucial role in condensed matter, e.g., for the 
electrical and thermal conductivity, renormalization of the electronic structure, and 
superconductivity. In computational material science, it is however often neglected due to 
the associated numerical challenges. To overcome these limitations, we have implemented 
the analytical calculation of electron-phonon couplings using density-functional 
perturbation theory~(DFPT) in the all-electron, numeric atom-centered orbitals based code 
{\\it FHI-aims}~[1]. Our real-space approach combines the accuracy of a full-potential 
treatment with the computational efficiency of localized basis sets that is necessary to study 
large and complex systems.

It is applicable to molecules, clusters and crystals. We demonstrate the accuracy and 
efficiency of our DFPT implementation by comparing with vibrational frequencies and 
electron-phonon coupling matrix elements computed with finite differences. Furthermore, 
we showcase the importance of these contributions by investigating the renormalization of 
the electronic band gap due to zero-point motion in various semiconductors~(e.g., GaAs, 
ZnO) and discuss the implications for large-polaron formation using ZnO as an example~[2].
[1] V. Blum {\\it et al.}, Comp. Phys. Comm. {\\bf 180}, 2175 (2009)
[2] H. Sezen {\\it et al.} Nat. Commun. {\\bf 6}, 6901 (2015)
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S22 331

Thermoelectric signature of topological surface  
states in thin film chalcogenides

* Nicki Frank Hinsche3, Florian Rittweger1, Tomáš Rauch1, Jürgen Henk1, Ingrid Mertig2

1) Martin Luther University, Institute of Physics, Von-Seckendorff-Platz 1, DE-06120 Halle, 
Germany 

2) Max Planck Institute of Microstructure Physics, Weinberg 2, DE-06120 Halle, Germany 
3) Center for Atomic-scale Materials Design (CAMD), DTU Physics, 3072800 Kgs. Lyngby, 

Denmark 

Bulk chalcogenides, e.g. Bi2Te3 and Sb2Te3, as well as related heterostructures and ternary 
alloys are well known as efficient thermoelectric materials [1]. Today these chalcogenides 
are known to be strong topological insulators, i.e. their bulk is insulating, while their surface 
is metallic due to the presence of robust gapless surface states [2]. 

While focussing on spintronics, the low-temperature electrical transport gained much 
attention. Meanwhile the physics at room temperature and the thermoelectric transport is 
still under debate. 

To contribute on this, we studied the electronic structure of Bi2Te3 and Sb2Te3 thin films, 
with 3-160nm thickness, with fully relativistic density functional methods. The thermoelectric 
transport properties were calculated within the relaxation time approximation of the 
Boltzmann theory. The influence of thickness, temperature and doping on the thermoelectric 
transport properties were analysed in detail [3,4]. Bulk and surface contributions to the 
thermoelectric transport are separated by a special projection technique. As a result we 
show clear signatures of the topological surface state in the thermoelectric properties, 
which are corroborated by thermoelectric transport measurements on ALD-grown Sb2Te3 
thin films [4].
[1] N. F. Hinsche et al., Phys. Rev. B 86, 085323 (2012);
[2] H. Zhang et al., Nature Phys. 5, 438 (2009);
[3] F. Rittweger et al., Phys. Rev. B 89, 035439 (2014)
[4] N. F. Hinsche et al., ACS Nano, Nano 9 (4), 3397 (2015)
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S27 332

Modeling electronic transport in layered organic crystals

* Rajarshi Tiwari1, Stefano Sanvito1

1) School of Physics and CRANN, Trinity College Dublin, Ireland 

We present a study of the electronic and transport properties of two-dimensional organic 
semiconductors. These are formed by large molecules and have moderate lattice elastic 
costs,

so that lattice vibrations produce strong disorder and are the primary source of electronic 
scattering. The impact of vibrations on the electronic properties can be viewed as dynamic 
disorder acting on (i) the onsite energy levels and (ii) the electronic hopping. Consequently, 
they affect the electronic mobility. A reference tight binding model for durene, with diagonal 
Holstein coupling, gλ, and non-diagonal Peierls coupling, αλ, is sufficient to provide an 
adequate description of charge transport.

We use a combination of Holstein and Peierls model to mimic the finite temperature 
properties of these systems, and we solve the model by mean of a real-space Monte-Carlo 
approach. Our results (a) characterise the impact of lattice disorder on the electronic 
properties in durene-like layered systems, and (b) provide a quantitative estimation of carrier 
mobility of durene, based on its phonon spectra and electronic couplings determined via ab 
initio calculations. Furthermore it allows us to make predictions on the possibility to tune the 
electronic transport.
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S27 333

Anisotropic transport properties of Ba-122  
compounds calculated by the Kubo-formalism

* Gerald Derondeau1, Sebastian Wimmer1, Diemo Ködderitzsch1, Hubert Ebert1, 
Jan Minar1,2

1) Department Chemie, Ludwig-Maximilians-Universität München, 81377 München, Germany 
2) NewTechnologies-Research Center, University of West Bohemia, Pilsen, Czech Republic 

We have shown recently that the Korringa-Kohn-Rostoker-Green function (KKR-GF) method, 
in combination with the coherent potential approximation (CPA), indeed provides a very 
suitable platform to describe the impact of substitutional disorder on the electronic structure 
of iron pnictide superconductors. [1] Based on this we focused on the resistivity anisotropy 
of Ba-122 compounds, which lately received tremendous interest. [2, 3] We use the Kubo-
formalism to calculate the longitudinal resistivity of doped Ba-122 compounds in their 
antiferromagnetic state within the framework of the local approximation to density-functional-
theory. We are able to reproduce the unusual resistivity anomaly and investigate the transport 
behavior for different substitution types in BaFe2 As2.

The dependence of the transport properties on the type and the concentration of the 
dopant suggest a crucial influence of impurity scattering for the resistivity anomaly in iron 
pnictides.

[1] G. Derondeau et al., Phys. Rev. B 90, 184509 (2014).
[2] J.-H. Chu et al., Science 329, 824 (2010).
[3] S. Ishida et al., Phys. Rev. Lett. 110, 207001 (2013).

S27 334

Ab initio quantum transport in atomic carbon chains

* Jean-Christophe Charlier1

1) University of Louvain, Institute of Condensed Matter and Nanosciences,  
B-1348 Louvain-la-Neuve, Belgium 

Carbyne, the sp1-hybridized phase of carbon, is still a missing link in the family of carbon 
allotropes. Despite many efforts in synthetic chemistry, bulk phases of carbyne remain 
elusive, and this type of carbon material is believed to be unstable. Recently, detailed 
electrical measurements and first-principles electronic transport calculations have been 
performed on monoatomic carbon chains [1]. When the 1D system is under strain, the 
current-voltage curves exhibit a semiconducting behavior, which corresponds to the polyyne 
structure of the atomic chain with alternating single and triple bonds. Conversely, when the 
chain is unstrained, the ohmic behavior is observed in agreement with the metallic cumulene 
structure with double bonds. These measurements confirm recent theoretical predictions, 
namely that a metal-insulator transition can be induced by adjusting the strain in carbyne. 
The key role of the contacting leads is also scrutinized by ab initio quantum conductance 
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calculations, explaining the rectifying behavior measured in monoatomic carbon chains in a 
non-symmetric contact configuration [2].
[1] Electrical transport measured in atomic carbon chains O. Cretu, A. R. Botello-Mendez, I. Janows-

ka, C. Pham-Huu, J.-C. Charlier, and F. Banhart, Nano Letters 13, 3487-3493 (2013).
[2] Strain-induced metal-semiconductor transition observed in atomic carbon chains A. La Torre, A. R. 

Botello-Mendez, W. Baaziz, J.-C. Charlier, and F. Banhart, Nature Communications, in press (2015).

S27 335

Strong localization in quasi one-dimensional systems with 
realistic defects: application to carbon nanotubes

*Fabian Teichert1, Andreas Zienert2, Jörg Schuster3, Michael Schreiber1

1) Institute of Physics, Technische Universität Chemnitz, Chemnitz, Germany 
2) Center for Microtechnologies, Technische Universität Chemnitz, Chemnitz, Germany 
3) Fraunhofer Institute for Electronic Nano Systems, Chemnitz, Germany 

Investigating the influence of disorder on electron transport is difficult for very large systems. 
These systems cannot be treated by conventional quantum transport theory (QTT) and 
accurate electronic structure theory like density functional theory (DFT) within appropriate 
time. But quasi one-dimensional systems (nanotubes, nanowires) with short-range interaction 
can in general be treated very efficiently using a linearly scaling recursive Green’s function 
formalism on the level of QTT. Additionally, describing the electronic structure by a density-
functional-based tight-binding (DFTB) approach gives TB-simplicity and DFT-accuracy.

We apply this formalism to carbon nanotubes (CNTs), which are a possible material for 
future microelectronic devices, overcoming the miniaturization problem. We calculate the 
conductance of metallic armchair CNTs with realistic defects, namely monovacancies and 
divacancies, within a statistical analysis. The exponential dependence on the number of 
defects shows that the system is in the strong localization regime (i.e. Anderson localization). 
Consequently, localization lengths can be extracted. We present the conductance and the 
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localization length in dependence on defect density, temperature, and CNT diameter for 
different defect types. Furthermore, the influence of mixtures of defects is addressed. Finally, 
we show that the single-defect conductance is a good measure of disorder.

New J. Phys. 16 (2014), 123026

S27 336

Ab initio calculations of temperature dependent  
resistivity for transition metals
* David Wagenknecht1, Karel Carva1, Ilja Turek1,2

1) Department of Condensed Matter Physics, Faculty of Mathematics and Physics, Charles 
University, Ke Karlovu 3, 121 16 Prague, Czech Republic 

2) Institute of Physics of Materials, Academy of Sciences of the Czech Republic, Žižkova 22,  
61662 Brno, Czech Republic

The temperature dependence of both electrical conductivity and resistivity is studied from 
the first principles. Properties of late transition metals have been calculated using the linear 
muffin-tin orbital (LMTO) method with the coherent potential approximation (CPA). The 
influence of non-zero temperature has been described by a frozen lattice disorder - atoms 
were moved from the positions on an ideal lattice and different temperatures are then given 
by the magnitudes of the random displacement vectors. Dependence of the physical 
quantities on the parameters of the displacement (like random and non-random directions of 
the displacement vectors) has been observed and taken into account during discussion of 
the results. Special attention has been paid to an influence of coherent and vertex conductivity 
to the final resistivity, as well as to comparison with other ab initio calculations and 
experimental data; the obtained results agree reasonably well with those of other authors. 
Derived analytical modifications of potential functions and the numerical codes can be now 
used to calculate relevant physical properties of different materials.

S27 337

Accurate effective masses from first principles
* Jonathan Laflamme Janssen1, Xavier Gonze1

1) Universite catholique de Louvain, Institute of Condensed Matter and Nanosciences (IMCN), 
Nanoscopic Physics (NAPS), Chemin des Etoiles 8, bte L7.03.01, 1348 Louvain-la-Neuve, Belgium 

The accurate ab initio description of effective masses is of key interest in e.g. the design of 
materials with high mobility. Up to now, these masses have been calculated using finite-
difference estimation of density functional theory (DFT) electronic band curvatures. However, 
finites differences require an additional convergence study and are prone to numerical noise. 
Moreover, the concept of effective mass breaks down at degenerate band extrema. We 
assess the latter limitation by adapting the concept of transport equivalent effective mass to 
the k.p framework. Then, we develop a method allowing to obtain the hessian of DFT bands 
extrema using density functional perturbation theory (DFPT). The numerical noise inherent 
to finite difference methods is thus eliminated, along with the associated convergence study. 
The resulting method is therefore more general, more robust and simpler to use, which 
makes it especially appropriate for high throughput computing. Also, the inclusion of GW 
corrections to DFT bands in our method will be presented.
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S27 338

Microscopic theory and ab initio simulation  
of atomic heat transport

* Aris Marcolongo1, Paolo Umari3, Stefano Baroni2

1) EPFL, École polytechnique fédérale de Lausanne, Switzerland 
2) SISSA, International School for Advanced Studies, Trieste, Italy 
3) Department of Physics and Astronomy, Padua University, Italy 

Green Kubo formulas, combined with classical molecular dynamics, are often used to 
compute thermal conductivity coefficients of liquid systems. Nevertheless, application to ab-
initio molecular dynamics is often believed to be problematic because a suitable quantum-
mechanical definition of the heat current is not readily available, due to the ill-definedness of 
the microscopic energy density to which it is related by the continuity equation. We argue 
that a similar difficulty actually exists in classical mechanics as well and show that it is 
nevertheless possible to obtain a physically well defined transport coefficient, independent 
of the ill defined microscopic energy density. We then derive an expliticit expression for the 
adiabatic energy current within density-functional theory, well defined under periodic 
boundary conditions. The resulting methodology is demonstrated by comparing ab initio and 
classical molecular simulations of a model liquid-Argon system, for which accurate inter-
atomic potentials are derived by the force-matching method and then applied to the 
computation of the thermal conductivity of heavy water at ambient conditions.
[1] Marcolongo A., Umari P., Baroni S., arXiv:1503.04188, submitted

S27 339

Spin polarization of electronic  
current in graphene by Fe adsorption

* Elisabetta del Castillo1, Fausto Cargnoni2, Simona Achilli1, Mario Italo Trioni2

1) Chemistry Department, University of Milan, via Golgi 19, 20133 Milano, Italy 
2) CNR, National Research Council of Italy, ISTM, via Golgi 19, 20133 Milano, Italy 

The adsorption of Fe atom on graphene is studied by first-principles density functional theory 
using the SIESTA code. The structural, electronic, and magnetic properties are analyzed at 
different coverages, all preserving C6v symmetry for the Fe adatom. We observed that 
binding energies, magnetic moments, and adsorption distances rapidly converge as the size 
of the supercell increases. Among the considered supercells, those constituted by 3n 
graphene unit cells show a very peculiar behavior: the adsorption of a Fe atom induces the 
opening of a spin-dependent gap in the band structure. In particular, the gap amounts to 
tenths of eV in the majority spin component, while in the minority one it has a width of about 
1~eV for the 3x3 supercell and remains significant even at very low coverages (0.25~eV for 
θ=2%) [1]. To explore the effects on the electronic transport properties we calculated the 
transmission coefficient T(E) and the electric current using the TranSIESTA code, which 
combines the non-equilibrium Green\’s function (NEGF) technique with density functional 
theory. The junction is constituted by two pure graphene semiinfinite electrodes with a Fe 
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covered nano-dimensional graphene in between. Two different coverages are considered 
showing very different spin-polarization of the current.
[1] E. del Castillo, F. Cargnoni, S. Achilli, G.F. Tantardini, M.I. Trioni, ”Spin asymmetric band gap open-

ing in graphene by Fe adsorption”, Surf. Sci. 634 (2015) 62.

S27 340

Transport in disordered semiconductors

* Jarvist Moore Frost1, Beth Rice2, Suzanne Wallace1, Stef Kynaston1, Jenny Nelson1, 
Aron Walsh1

1) Bath University 
2) Imperial College London 

Most new solar cell technologies are intended to be cheap to produce. Whether by solution 
processing or solid state synthesis, this results in more disordered semiconductors than 
crystalline ones. Understanding the role and effect of this disorder in terms of limiting charge 
transport parameters relevant for solar cell device operation are essential to designing 
practical new technologies.

Here we look at CopperZincTinSulphide, hybrid halide perovskite and molecular organic 
semiconductors, developing approximate electronic structure methods which are capable of 
dealing with the length and time scales required for an understanding of relevant device 
parameters.

Electronic transfer integrals are calculated with a fragment orbital based approach, and 
used to inform the construction of semi-classical master equation and tight-binding based 
direct electron propagation methods. Polaron formation is considered by the response of the 
surrounding lattice to this one electron wavefunction. 

The simplicity of the tight binding Hamiltonian allows for solution of many eigenvalues. 
Using sparse matrix methods and a model for the correlated static disorder in these materials, 
we solve for the density of states of charge carriers, and relate it to quantities from uncorrelated 
random matrix methods.

S27 341

Graphene/metal Moirés: Unveiling structural  
and electronic modulations with transport simulations 

* Ruben Perez1

1) Universidad Autonoma de Madrid 

The local modulations in the structure, charge density and electronic properties of graphene 
induced by the interaction with metal surfaces can be used to tune the transport properties 
in graphene-based electronic devices. We have combined STM experiments by different 
groups and our NEGF transport calculations to characterize the moire patterns formed on 
weakly (Pt, Cu) and strongly interacting (Rh) cases. Simulations beyond the standard 
Tersoff-Hamman approach are needed to describe quantitatively the experimental contrast. 
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We have identified single vacancies in G/Pt [1] and unveiled the atomic structure of the G-Pt 
boundary [2]. In G/Cu, we exploit the G tunable transparency to provide a comprehensive 
picture of the G-metal coupling [3], with important implications for the accurate description of 
vdW interactions. Finally, we challenge the established ideas for strongly interacting G-metal 
systems, proving conclusively the formation of many different moiré structures in G/Rh(111), 
and discuss the relative contribution of strain, corrugation and G-metal binding to the moire 
stability stability[4].
[1] M. M. Ugeda, et al. Phys Rev Lett. 107, 116803 (2011).
[2] P. Merino et al., ACS Nano 8, 3590–3596 (2014).
[3] H. Gonzalez-Herrero et al. Nature Comm., under review (2015).
[4] A. Martin-Recio et al. Nanoscale, DOI: 10.1039/C5NR00825E (2015). 

S27 342

Atomistic simulations of thermal transport and thermal boundary 
resistance in phase change materials for non-volatile memories

* Davide Campi1, Edoardo Baldi1, Emanuele Bosoni1, Giacomo Graceffa1,  
Davide Donadio2, Gabriele Sosso3, Lorenzo Paulatto4, Giorgia Fugallo4,  
Francesco Mauri4, Marco Bernasconi1

1) Dipartimento di Scienza dei Materiali, Università di Milano-Bicocca, Via R. Cozzi 53, I-20125, 
Milano, Italy. 

2) Dipartimento di Scienza dei Materiali, Università di Milano-Bicocca, Via R. Cozzi 53, I-20125, 
Milano, Italy. 

3) London Centre for Nanotechnology, University College London, London, Greater London, United 
Kingdom. 

4) Université Pierre et Marie Curie, Institut de Minéralogie et Physique des Milieux Condensès, 140 
rue de Lourmel, Paris, France. 

Chalcogenide alloys such as the Ge2Sb2Te5 (GST) and GeTe compounds are of interest for 
applications in non-volatile phase change memories (PCM) thanks to their ability to undergo 
a fast and reversible phase transformation between the crystalline and amorphous phase 
upon heating. Thermal conduction and thermal boundary resistance (TBR) at the interface 
between GST and the surrounding materials are a key factor for the device operation, as the 
set/reset processes and crosstalks with adjacent strongly depend upon heat transport.

In this contribution, we report on density functional calculations of the bulk thermal 
conductivity in crystalline GST that allowed us to identify the source of scattering responsible 
for the glass-like thermal conductivity of this crystal. Thermal boundary resistance at different 
interface of crystalline GST and GeTe with dielectrics and metals have been estimated from 
ab-initio phonons and the Diffuse Mismatch Model.

The calculations revealed that an important contribution to the TBR comes from 
the electron-phonon coupling within GST and GeTe. For the amorphous/crystalline interface, 
also present in the device, we used an interatomic potential generated with a Neural Network 
method and non-equilibrium molecular dynamics simulations. This work provides a 
comprehensive analysis of the different source of thermal resistance of great value for a 
reliable electrothermal modelling of the memory device.
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S27 343

Resonant transport and electrostatic  
effects in single-molecule electrical junctions

Carly Brooke1, Andrea Vezzoli1, Simon J. Higgins1, * Linda Angela Zotti2,3,4, Juan Jose 
Palacios2, Richard J Nichols1

1) Department of Chemistry, University of Liverpool 
2) Departamento de Fisica de la Materia Condensada, Universidad Autonoma de Madrid 
3) Departamento de Fisica Aplicada, Universidad de Alicante 
4) Trinity College Dublin 

In this contribution, we show a combined theoretical and experimental study on the electronic 
transport through HS(CH2)n[1,4- C6H4](CH2)nSH (n = 1, 3, 4, 6) metal -molecule -metal 
junctions. The Breit-Wigner resonance originates from one of the arene -bonding orbitals, 
which sharpens and moves closer to the contact Fermi energy as n increases. Varying the 
number of methylene groups thus leads to a very shallow decay of the conductance with the 
length of the molecule. By DFT+NEGF techniques and constrained DFT we demonstrate 
that the electrical behaviour observed here can be straightforwardly rationalized by analyzing 
the effects caused by the electrostatic balance created at the metal-molecule interface [1]. 
Such resonances offer future prospects in molecular electronics in terms of controlling 
charge transport over longer distances, and also in single molecule conductance switching 
if the resonances can be externally gated.
[1] C. Brooke, A. Vezzoli, S. J. Higgins, L. A. Zotti, J. J. Palacios and R. J. Nichols, Phys. Rev.B, ac-

cepted
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S27 344

Modeling of electron tunneling through  
layered perovskite oxide structures

* Noora Tuomisto1, Asier Zugarramurdi1, Martti Puska1, Sebastiaan van Dijken1

1) Aalto University, Department of Applied Physics, Espoo, Finland 

Modeling of tunnel junctions in ferroelectric materials is an important tool for understanding 
their special properties [1]. Along this line we study theoretically electron tunneling through 
layered perovskite oxide structures. Our work is motivated by experiments in all-oxide 
junctions where high-bias-induced resistance switching and huge tunneling electroresistance 
(TER) effects have been observed at low temperatures.

We model the tunnel junction by one-dimensional single and double barriers. The current is 
obtained from exact quantum mechanical calculations [2]. The comparison between 
experiments and theory imposes many constraints on the barrier parameters and thus provides 
information about the changes occuring in the tunnel barrier and interfaces during resistance 
switching. In particular, the asymmetrical shape of the high-resistance state I–V curve can be 
explained by an additional barrier that forms at one of the tunnel junction interfaces. In future, 
we plan to include self-consistent charge density - potential within the Wigner formalism and 
use structural parameters obtained from first-principles calculations [3].
[1] D. Pantel and M. Alexe, PRB 82, 134105 (2010).
[2] C. B. Duke, “Tunneling in Solids”, Sol. State Phys. 10 (Suppl.), (New York, Academic Press, 1969).
[3] P. Havu, N. Tuomisto, R. Väänänen, M. Puska, and R. M. Nieminen, Phys. Rev. B 72, 235301 

(2005).

S27 345

Transport across single- and multi-molecular junctions:  
A combined DFT and experimental exploration

* Aaron Thong1, Milo Shaffer1, Andrew Horsfield1

1) Imperial College London 

Rectifying behaviour has been shown in Donor-Acceptor molecular junctions both in 
simulations as well as experiments.[1] Such rectifying behaviour is widely accepted to be a 
consequence of resonant electron tunnelling through the asymmetric molecular states. We 
propose that the tunnelling electron would undergo inelastic scattering events with vibrational 
modes in its local environment, the spectrum of which could be detected should the resolution 
of the elastic tunnelling current be narrow enough.

With this in mind, we have used density functional theory to show that for a given D-A 
molecular junction, the “band” widths are sensitive to the intermolecular distance with its 
nearest neighbours. This knowledge allows us to design new approaches in the synthesis of 
these D-A molecules and fabrication of single- and multi-molecular junctions in which the 
intermolecular spacing can be tuned.
[1] A. Aviram, M. A. Ratner, Molecular Rectifiers, Chem. Phys. Lett., 1974, 29, 277-283 
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S27 346

Electromechanical properties  
of Nanowires studied from first principles

* Clotilde Cucinotta1, Stefano Sanvito1

1) Trinity College Dublin 

Gaining insight into the microscopic mechanisms and control of forces at the nanoscale 
paves the way for key advances in interface chemistry, molecular electronics and for memory 
and logic applications. In this study, the effect of a flowing current on the mechanical and 
electronic properties of metallic nanowires (NW) is addressed. In particular, AFM observation 
of the stiffening under current of a nanocrystalline Ag NW with pentagonal cross section is 
explained in terms of its tendency to contract, as shown by the analysis of in plane stress 
tensor modifications under current. Electronic structure changes, charge and current 
distributions in the NW under current are studied. Current induced forces are evaluated from 
the expectation value of the ionic momentum operator, calculated using non-equilibrium 
Green’s functions with density functional electronic structure, as implemented in the Smeagol 
code [1]. 
[1] www.smeagol.org

S27 347

Electron tunelling through Al/Al2O3/Al interfaces  
and the effect of interface geometry 

* Manana Koberidze1, Anna Feshchenko2, Jukka Pekola2, Martti Puska1, Risto Nieminen1

1) Aalto University, Department of Applied Physics, Espoo, Finland 
2) Low Temperature Laboratory, Department of Applied Physics, Aalto University 

Despite of numerous experimental and theoretical studies on metal-oxide interfaces, very 
little is known about the effect of interfacial geometry on the electron transport. Particularly, 
regardless of the enormous popularity of Al/Al2O3/Al junctions in modern nanoelectronics, to 
the best of our knowledge, not a single theoretical study has addressed the issue. We show 
that structural properties, such as the thickness of the interfacial layer, the relative positions 
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of the oxide and the metal surface atoms, as well as the oxygen concentration at the interface, 
highly influence the conductance of the junction. In order to construct potential barrier profiles 
for different possible geometries of the junctions, we rely on density-functional theory 
calculations together with the experimental data. We show that tiny variations in the atomic 
arrangement at the interface cause significant changes in the tunneling barrier parameters 
and, consequently, in the conductive properties of the device. We observe that variations in 
the barrier heights and widths can be as large as 2eV and 5Å, respectively. Finally, we apply 
classical and semiclassical models to construct the current-voltage characteristics resulting 
from the obtained barriers and compare them to the experimental data.

S27 348

N ≥ 1 terminal support in the DFT+NEGF code TranSIESTA

Nick Papior Andersen1,2, Mads Brandbyge1,2

1) DTU Nanotech, Kgs. Lyngby, Denmark 
2) Center for Nanostructured Graphene, DTU, Denmark 

We reimplement TranSIESTA, using the generalized equations governing non-equilibrium 
thus allowing N ≥ 1 terminals. Our algorithms are based on the recursive Green function 
method with particular memory ecient and speed optimizations for the spectral function 
calculation GΓG†. This enables calculation of very large simulation cells.
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A direct benet of altering the algorithms is the immediate speedup as can be seen in Fig. 
1. It shows the speedup for a graphene ake with periodic boundary conditions and 2 
hexagonal wide electrodes. Increasing number of atoms is equivalent to increasing the 
length of the junction. It demonstrates the linear scaling for long systems compared against 
the previous version which behaves quadratic.

Example structures of graphene T-junctions are shown in the left Fig. 2. It emphasizes the 
arbitrary electrode directions available in TranSIESTA while retaining periodicity for transverse 
directions. To optimize the recursive Green function algorithm we implement various methods 
of pivoting as indicated in the right of Fig. 2. The atoms are rearranged to minimize the 
matrix bandwidth which directly relates to the speed of the recursive Green function method.

We highlight the improved transport utility which has been generalized similarly to handle 
N ≥ 1 terminals. We present some of the features such as biasinterpolated Hamiltonians 
(spline and linear), bondcurrents, molecular projection Hamiltonians, phonon transport, 3rd 
party tool interfaces.



Ψk-2015

 Abstracts of  Poster Session 1 •  Monday, September 7,  2015 533

S27 349

Dynamical correction of thermoelectric coefficients for strongly 
interacting electrons in the Coulomb blockade regime

* Kaike Yang1, Gianluca Stefanucci2, Stefan Kurth1, Roberto D’Agosta1, Kaike Yang4, 
Gianluca Stefanucci3, Gianluca Stefanucci4, Stefan Kurth4, Stefan Kurth5, Roberto 
D’Agosta4, Roberto D’Agosta5

1) Nano-Bio Spectroscopy Group, Departamento de Fisica de Materiales, Universidad del Pais 
Vasco UPV/EHU, Avenida de Tolosa 72, 20018 San Sebastian, Spain 

2) Dipartimento di Fisica, Università di Roma Tor Vergata, Via della Ricerca Scientifica 1, 00133 
Rome, Italy 

3) INFN, Laboratori Nazionali di Frascati, Via E. Fermi 40, 00044 Frascati, Italy 
4) European Theoretical Spectroscopy Facility (ETSF) 
5) IKERBASQUE, Basque Foundation for Science, 40813 Bilbao, Spain 

For molecules weakly coupled to leads the exact zero-bias Kohn-Sham conductance can be 
orders of magnitude larger than the true conductance due to the lack of dynamical exchange-
correlation effects. Recently, it has been shown [1] how these dynamical exchange-correlation 
corrections can be calculated using only quantities obtained from static density functional 
theory. Here we investigate thermoelectric transport and derive the exchange-correlation 
correction to the Seebeck coefficient. We show how the Coulomb blockade peaks in both 
the conductance and the Seebeck coefficient correspond to changes of the number of 
electrons on the molecule by an integer. Finally, we compare our results to some recent 
experiments.
[1] S. Kurth and G. Stefanucci, Phys. Rev. Lett. 111, 030601 (2013), Phys. Rev. Lett. 107, 216401 (2011).

S27 350

Data-driven Statistical Analysis of Electrical-Transport  
Simulation of Molecular Junctions

* Yasunobu Ando1, So Fujikake1, Satoshi Watanabe1

1) The University of Tokyo 

Electrical transport properties of molecular junctions have been actively investigated both 
theoretically and experimentally. Previous studies have revealed that the transport properties 
of junction are sensitive to various factors related to their atomic arrangements. However, 
the comprehensive understanding on the effects of various factors has not been achieved 
yet. In this paper, we try to get such an understanding by data-driven statistical analysis 
based on the informatics.

We randomly generated 600 configurations of a 1,4-benzendityol molecule between gold 
electrodes. Transmission spectra are simulated for respective configurations by non-
equilibrium Green’s function method based on the semi-empirical extended Hückel method. 
We classify the simulated spectra according to the similarity of their shapes around the 
Fermi level by hierarchical clustering. The relationship between the average spectrum shape 
and molecular configurations is determined for each cluster. As a result, we found that the 
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clusters can be distinguished by a pair of the important factors; the length between electrodes 
and the molecular angle with respect to the electrodes. Our scheme can be applied not only 
to the transmission spectra but also to other spectra in general.

S27 351

First-principles calculation of carrier transport 
in Pd due to H absorption

* Felipe Murphy Armando1

1) Tyndall National Institute, University College Cork 

The resistivity and lattice constant of Pd are very sensitive to the concentration of absorbed 
hydrogen in its lattice. These properties make Pd a promising H sensor[1]. However, until 
recently, the carrier scattering mechanisms in this material have not been well understood. 
In this work, we extend earlier first-principles electronic structure theory methods[2,3] to 
calculate the change in the resistance of Pd due to H absorption. We use density functional 
theory in the supercell approach and density functional perturbation theory to obtain the 



Ψk-2015

 Abstracts of  Poster Session 1 •  Monday, September 7,  2015 535

carrier-hydrogen and carrier-phonon scattering rates across the whole Fermi surface, 
respectively. We then use the Boltzmann transport equation in the relaxation time 
approximation to compute the electrical resistivity vs. absorbed H concentration. We find 
that the resistivity is highly susceptible to the position of the hydrogen in the lattice. Our 
calculated resistivity vs %H is in very good agreement to experiment (See Figure).
[1] F. Favier, E.C. Walter, M.P. Zach, T. Benter and R.M. Penner, Science, 293, 2227 (2001).
[2] F. Murphy-Armando and S. Fahy, Phys. Rev. Lett., 97, 096606 (2006).
[3] F. Murphy-Armando and S. Fahy, Phys. Rev. B 78, 035202 (2008).
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S27 352

Quantum transport properties of Cu-CNT composites

* Mahdi Ghorbani-Asl1, Paul D. Bristowe1, Krzysztof Koziol1

1) Department of Materials Science and Metallurgy, University of Cambridge, Cambridge,  
CB3 0FS, UK 

Using the density-functional-based tight-binding method in conjunction with the non-
equilibrium Green’s function approach, the quantum transport properties of Cu-CNT 
composites are determined as a function of carbon nanotube (CNT) density, chirality and 
alignment to the bias potential. The electrical conductance is found to be highest when the 
axial direction of the CNT is along the transport direction. The results show that the 
electrostatic potential barrier at the Cu-CNT interface (Figure 1) can reduce the current 
through the composite compared to pure Cu. The chirality of the CNT does not have a major 
effect on the conductance as least for the CNT densities considered. The conductance of the 
composite decreases with CNT number density and increases with overall mass density of 
the composite as expected. The findings should play an important role in guiding the 
fabrication of Cu-CNT composites for optimal performance.
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S27 353

Doping semiconducting carbon nanotubes  
with electronegative molecules

* Tomi Ketolainen1, Ville Havu1, Martti Puska1

1) Aalto University, Department of Applied Physics, Espoo, Finland 

Carbon nanotube (CNT) thin films are materials where a large number of CNTs form a 
flexible and conductive network. Part of the CNTs are usually semiconducting, which may 
lower the conductivity of the film. One way of enhancing the conductivity is doping. It has 
been shown that the CNT thin film becomes a p-type conductor when the material is doped 
by gold chloride [1] or nitric acid [2].

We have examined the effect of gold chloride and nitric acid doping on semiconducting 
(10,0) CNTs computationally. The calculations with the PBE functional are carried out with 
the FHI-aims code. In the case of gold chloride doping, a AuCl4 molecule is placed on a CNT. 
The doping with nitric acid is modeled by a NO3 molecule attached to the nanotube. A spin-
polarized calculation with van der Waals corrections shows that the NO3 molecule is 
negatively charged. A downshift of the Fermi level can be seen in both systems, which 
indicates enhanced electronic transport in the CNT.
[1] K. K. Kim et al., J. Am. Chem. Soc. 130, 12757 (2008).
[2] W. Zhou et al., Phys. Rev. B 71, 205423 (2005).
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S27 354

Efficient solver of the Green’s function method  
for electronic transport calculations

* Shigeru Iwase1, Tomoya Ono2

1) Graduate school of engineering, Osaka University, Japan 
2) Center for Computational Sciences, University of Tsukuba, Japan 

We propose an efficient solver to obtain Green\’s functions by combining the shifted conjugate 
orthogonal conjugate gradient (shifted COCG) method with the Green\’s function method 
based on a real-space finite-difference (RSFD) approach. The bottleneck of the computation 
is matrix inversion of the Hamiltonian to obtain the Green\’s function in the transition region. 
Since the matrices to be inverted to obtain the Green\’s functions are sparse, complex-
symmetric and shifted for a given set of sampling energy points, we can use the shifted 
COCG method, in which once the Green\’s function for a reference energy point has been 
calculated, the Green\’s functions for the other energy points can be obtained with a moderate 
computational cost as shown in Fig. 1. We calculate the transport properties of a C60@
(10,10) carbon nanotube (CNT) peapod suspended by (10,10)CNTs as an example of a 
large-scale transport calculation. The proposed scheme opens the possibility of performing 
large-scale transport calculations using massively parallel computers without the loss of 
accuracy originating from the incompleteness of the localized basis set.
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S27 355

ZnO, AlN and GaN as a tunnel barriers for TMR applications

* Gokaran Shukla1

1) Trinity College Dublin Irealnd 

ZnO, AlN and GaN are the prototypical display materials in the electronic industry. The ability 
to create spin polarized currents in such materials will provide a critical link between 
spintronics and the optoelectronics industry. Due to recent advances in fabrication technology, 
high quality epitaxial films based on these semiconducting materials can now be made and 
have now been successfully grown on many substrates. The low defect concentration in 
these high-quality films makes the materials both insulating and capable of coherent electron 
transport, opening up the opportunity to use these new junctions as tunnel barriers.

In this work we investigate the possibility of using ZnO, AlN and GaN as tunnel barriers.
The ground state electronic properties of Co[111]/ZnO[001]/Co[111], Co[111]/AlN[001]/

Co[111] and Co[111]/GaN[001]/Co[111], junctions have been obtained with ab-initio density 
functional theory (DFT) calculations, while the electron transport is calculated with the non-
equilibrium Green’s function formalism. Although initial investigation of Co as an electrode 
has yielded little TMR, we now understand the requirement in an electrode materials and as 
such we provide a recipe for selecting ferromagnetic electrodes capable of efficient spin 
injection into commercial optoelectronic materials.

S27 356

Oxygen adsorbed In/Si(111)-(4x1)/(8x2):  
surface transport and and impurity-mediated early  
condensation of an atomic layer electronic crystal

* F. Edler1, I. Miccoli1, S. Demuth1, H. Pfnür1, A. Lücke2, D. M. Oh3, S. Wippermann4, H. 
W. Yeom3, W. G. Schmidt2, C. Tegenkamp1

1) Universitaet Hannover 
2) Universitaet Paderborn 
3) Pohang University of Science and Technology 
4) Max-Planck-Institut fuer Eisenforschung 

The In/Si(111) system reveals an anisotropy in the electrical conductivity and is a prototype 
system for quasi one-dimensional atomic wires on surfaces. It features a reversible 
temperature-induced phase transition into a charge density wave (CDW) ordered state, a 
representative electronic phase.

We present a joint experimental and first principles investigation of the surface transport 
properties, demonstrating oxygen impurity atoms to tune the interwire interaction. Furthermore, 
we show that oxygen may condense the In/Si(111) nanowire array locally into its CDW ordered 
ground state, even above the transition temperature. Interestingly, CDW ordering is not induced 
by single impurities, but instead by the cooperation of multiple impuri- ties. The mechanism is 
explained as a coherent superposition of the local impurity-induced lattice strain, stressing the 
coupled electronic and lattice degrees of freedom for CDW ordered phases.
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S27 357

Electron and spin resolved transport properties  
of organic charge transfer dimers

* Simon Liebing1, Torsten Hahn1, Jens Kortus1

1) Institute of Theoretical Physics, TU Bergakademie Freiberg, Germany 

We investivate transport propterties of organic charge transfer dimers. This new material 
class is based on a recently fabricated representative, the picene-F4TCNQ [1]. We study 
some representatives of organic charge transfer dimers formed of polycyclic hydrocarbons 
and TCNQ derivatives by means of DFT and NEGF transport theory [2,3]. With that we 
relate structural, electronic and transport properties. This allows to derive promissing device 
structures for experimental realizations.

We show that intrinsic current voltage characteristics of the charge transfer dimer is diode 
like, reaching a rectification around 20 for bias voltages up to 0.5 V. An additonal gate 
electrode allows to realize electronic switching and transistor behavior [4]. In addition we 
study the coupling of the charge transfer systems to magnetic leads to determine the 
contributions of different spin channels to transport.

[1] Mahns, B. et. al. Crystal Growth \\& Design (2014)
[2] Pederson, M. et. al. Phys. Status Solidi b 217, 197. (2000)
[3] Enkovaara, J. et al. Journal of Physics: Condensed Matter 22, 253202 (2010)
[4] Hahn T., Liebing S., and Kortus J., Nanoscale 6, 14508 (2014)

S27 358

Spin-dependent electronic transport in nano-scale systems

* Andrea Droghetti1, Ivan Rungger2

1) Nano-Bio Spectroscopy Group and European Theoretical Spectroscopy Facility (ETSF), 
Universidad del País Vasco CFM CSIC-UPV/EHU-MPC & DIPC, Av.Tolosa 72, 20018 San 
Sebastián, Spain 

2) National Physical Laboratory, Hampton Road, TW11 OLW, United Kingdom 

Giving the rapid development of spintronics into the nano-scale realm, first-principles 
simulations are intended to play a key role for understanding purely quantum effects in 
electron and spin transport processes. Here, firstly, we briefly discuss how Density Functional 
Theory (DFT) combined with the Landauer formalism for transport is able to fully account for 
some properties of Rashba and topological protected states in low dimensional nanostructured 
materials, once the spin-orbit coupling is accounted for. Then, we consider strongly correlated 
systems, which are poorely described by DFT, and we point out how new opportunities can 
come by extending Dynamical Mean-Field Theory to (low-bias) transport problems. Therfore, 
we present our implementation of DMFT and of the continuous time quantum Monte Carlo 
method into the Smeagol ab-initio transport software (www.smeagol.tcd.ie). By introducing 
examples of simulations for molecular transistor incorporating radical molecules, we describe 
how DMFT can be utilized to address the Kondo effect and how coherent and incoherent 
contributions to the conductance affect the transport properties in the different regimes. 
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Finally, wel mention that the DMFT-based transport scheme can be used also to simulate 
spin-dependent transport in metallic multilayered systems.

S27 359

Electron transport calculations within the framework  
of real-space finite-difference formalism

* Shigeru Tsukamoto1, Stefan Blügel1

1) Peter Grünberg Institut & Institute for Advanced Simulation, Forschungszentrum Jülich & JARA, 
D-52425 Jülich, Germany 

Electron transport properties of nanoscale structures such as quantum point contacts, 
atomic wires, molecular junctions, and tunnel junctions, are still one of exciting fields of study 
from both fundamental and application points of view. Indeed, electron transport calculations 
and the resulting scattering wave functions provide fruitful insights into transport properties, 
e.g. transmission spectra and real-space view of transmission channels, which are more 
informative than just expectations from electronic band structures. We have so far worked 
on developing an electron-transport calculation code based on wave-matching method 
within the framework of real-space finite-difference formalism, and suffered from singular 
matrixes appearing as the parts of open boundary conditions. Now, we have solved the 
difficulty by using singular value decomposition of the matrixes, and succeeded in reducing 
the sizes of the problems which determine the open boundary conditions and scattering 
wave functions. In addition to the basis-free formalism, the calculation code employs the 
projector augmented wave method to describe the interaction between nuclei and valence 
electrons, therefore, we can spontaneously reproduce the scattering wave functions 
penetrating into vacuum/band gap region, e.g. tunneling states and/or surface states, with 
higher accuracy. At the conference, we are going to present selected results of electron 
transport properties.

S27 360

Transport properties of metal-graphene 1D contacts

* Bernhard Kretz1, Thomas Frederiksen1,2 Aran Garcia-Lekue1,2

1) Donostia International Physics Center (DIPC), Paseo Manuel de Lardizabal 4, E-20018 San 
Sebastian, Spain 

2) IKERBASQUE, Basque Foundation for Science, E-48011 Bilbao, Spain 

The electronic and transport properties of graphene-metal contacts play a crucial role in the 
design of graphene-based electronic devices. To this respect, it has recently been 
demonstrated that one dimensional graphene-metal contacts might outperform conventional 
surface contacts.[1] The interface properties of this 1D graphene-metal contacts are expected 
to be strongly influenced by the chemical nature of the contacting lead, as already shown for 
other graphitic structures.[2,3]

In this work, we investigate the influence of using different ferromagnetic and non-
ferromagnetic metals on the transport properties of one dimensional graphene-metal 
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interfaces. We consider graphene with an unreconstructed and unpassivated zigzag edge in 
contact with the metal, as shown in Figure 1, and we perform density functional theory (DFT) 
calculations using the SIESTA and TranSIESTA codes. Preliminary results for Ni, Cu and Au 
leads indicate a significant effect of the metal on the transmission across the 1D contact and 
probe the impact of the electrode material on the contact resistance of the metal-graphene 
1D interfaces.
[1] Wang et al. Science 342, 614(2013); Chu et al. ACS Nano 8, 3584(2014)
[2] Matsuda et al., J. Phys. Chem. C 114, 17845 (2010)
[3] C. Shen et al., Physics Letters A 378, 1321 (2014)

S27 361

Electron transport through a C20H10-CNT molecular junction:  
a First-Principles Investigation

* Laura Zoppi1, Andrea Ferretti2, Kim Baldridge1

1) Departement of Chemistry University of Zurich, Zurich, Switzerland 
2) Centro S3, CNR-Instituto Nanoscienze, Modena, Italy 

DFT first-principle methodology is used to investigate charge transport phenomenon in 
molecular junctions based on C20H10 [1,2,3] and associated derivatives assembled between 
carbon nanotubes (CNT).[4] The coherent transport properties of the molecular junctions 
are evaluated by a standard single particle Green\’s function method, which combines the 
Landauer approach [5] with ab initio density functional theory. Molecular functionalization 
and linking spacer composition are shown to modulate the quantum conductance. The 
possibility of designing molecular switches triggered by an electrical stimulus and molecular 
sensors, based on C20H10-CNT junctions, is also illustrated.
[1] L. Zoppi, L. Martin-Samos, K. K. Baldridge, Acc. Chem. Res., 47, 3310–3320 (2014)
[2] L. Zoppi, L. Martin-Samos, K. K. Baldridge, J. Am. Chem. Soc. 133, 14002-14009 (2011).
[3] L. Zoppi, L. Martin Samos, K. K. Baldridge, Phys. Chem. Chem. Phys. 17, 6114-6121 (2015)
[4] L. Zoppi, A. Ferretti, K. K. Baldridge, J. Chem. Theory Comput. 9, 4797−4804, (2013)
[5] Landauer, R., Philos. Mag. 1970, 21, 863-867.
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S27 362

Electronic transport through magnetic molecules  
adsorbed on metallic surfaces

* Alouani Mebarek1

1) Institut de Physique et de Chimie des Mat\’eriaux de Strasbourg (IPCMS), UMR 7504 UdS-
CNRS, 23 rue du Loess, 67034 Strasbourg, France 

In the first part of my talk I will discuss the effect of magnetic STM-tip on electronic, magnetic 
and electronic transport properties through STM-tip Co-phthalocyanine (CoPc) Co(111) molecular 
junction, which has been investigated by mean of ab initio electronic structure calculations and 
nonequilibrium Green\’s function formalism[1]. The CoPc spin transition is studied by varying 
the distance (from the tunneling to the contact regime) between the tip and the CoPc molecule.

Our calculations show that the transition of spin of the Co atom of CoPc molecule has 
lead to a change of the sign of the Magneto-Resistance. We will also show that the I-V 
characteristics is influenced by this spin-transition of the central atom.

The second part will be devoted to the spin crossover in Fe(phen$)_{2}$(NCS$)_{2}$ 
(Fephen) molecule adsorbed on ferromagnetic or paramagnetic metallic surfaces [2].

We will first discuss the high-spin low-spin transition on different surfaces and how to 
overcome the energy barrier and facilitate this spin transition. We will then show he magnetic 
coupling between the Fephen molecule and the ferromagnetic surface and its effect on the 
spin crossover [3]. We finally analyse and compare our STM results to available experimental 
data. At the end of the talk we discuss the calculation of the conductance of Fephen/Co(111) 
junction using a cobalt STM tip and make contact with available experiments.
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S27 363

Direct Method for Calculating  
Temperature-Dependent Transport Properties

* Yi Liu1, Zhe Yuan1, Rien J.H. Wesselink1, Anton A. Starikov1, Mark van Schilfgaarde2, 
Paul J. Kelly1

1) Faculty of Science and Technology and MESA+ Institute for Nanotechnology, University of 
Twente, P.O. Box 217, 7500 AE Enschede, the Netherlands 

2) Department of Physics, Kings College London, London WC2R 2LS, United Kingdom 

In this presentation, I show how temperature-induced disorder can be combined in a direct 
way with first-principles scattering theory [1,2] to study diffusive transport in real materials. 
Excellent (good) agreement with experiment is found for the resistivities of Cu, Pd, Pt (and 
Fe) when lattice (and spin) disorder are calculated from first principles. For Fe, the agreement 
with experiment is limited by how well the magnetization (of itinerant ferromagnets) can be 
calculated as a function of temperature. By introducing a simple Debye-like model of spin 
disorder [3] parameterized to reproduce the experimental magnetization, the temperature 
dependence of the average resistivity, the anisotropic magnetoresistance and the spin 
polarization of a Ni80Fe20 alloy are calculated and found to be in good agreement with existing 
data. Extension of the method to complex, inhomogeneous materials as well as to the 
calculation of other finite-temperature physical properties within the adiabatic approximation 
is straightforward.
[1] K. Xia, M. Zwierzycki, M. Talanana, P. J. Kelly, and G. E. W. Bauer, Phys. Rev. B 73, 064420 (2006).
[2] A. A. Starikov, P. J. Kelly, A. Brataas, Y. Tserkovnyak, and G. E. W. Bauer, Phys. Rev. Lett. 105, 

236601 (2010).
[3] Y. Liu, A. A. Starikov, Z. Yuan, and P. J. Kelly, Phys. Rev. B 84, 014412 (2011).

S27 364

Phonon renormalized frequency and linewidths extracted  
from ab initio MD trajectory using Dynaphopy code

* Abel Carreras1, Atsushi Togo2, Isao Tanaka1,2

1) Department of Materials Science and Engineering, Kyoto University 
2) Center for Elements Strategy Initiative for Structural Materials, Kyoto University 

Anharmonicity is responsible to important thermodynamics properties such as thermal 
conductivity and thermal expansion. From the theoretical point of view, anharmonicity is 
defined as a deviation with respect to the harmonic behavior producing a change on the 
phonon frequencies (frequency shift) and adding width around the mean value (linewidths).

Dynaphopy[1] is new code that allows to calculate the phonon renormalized frequency and 
linewidths from MD trajectories using the mode decomposition technique[2]. This technique 
consists in projecting the MD trajectory into the individual phonon modes coordinates 
obtained from harmonic lattice dynamics calculation. This way is possible to recover the 
phonon anharmonic frequencies as well as calculating the phonon linewidths from the power 
spectrum of each projection.
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We have used Dynaphopy to study the anharmonic effects of two prototypical materials: 
crystalline silicon and MgO.
[1] http://abelcarreras.github.io/DynaPhoPy/
[2] Sun T, Zhang D B & Wentzcovitch R M. Phys. Rev. B, 89 (2014)

S27 365

Transport calculation method using real-space  
finite-difference Green’s function scheme

* Tomoya Ono1

1) Center for computational sciences, University of Tsukuba 

The transport properties of nanoscale systems have been studied actively because they are 
significantly important from both fundamental and practical points of view. The nonequilibrium 
Green’s function (NEGF) approach has been used extensively in connection with tight-
binding models and first-principles methods employing localized basis sets. However, the 
NEGF method has not been employed with the real-space formalism[1], which is 
advantageous massively parallel computer architectures and thus enable us to carry out 
large scale transport simulations, because the large numbers of grid points prevent the 
direct inversion of large matrices to obtain the self-energy terms of electrodes. I propose an 
efficient computational procedure to calculate the self-energy terms for the real-space finite-
difference NEGF scheme. Using the computational procedures of the OBM scheme, the 
computational cost to obtain the self-energy terms can be greatly reduced without loss of 
accuracy. To demonstrate the efficiency of the present method, the study on the transport 
properties of the SW defects in graphene, silicene, and germanene is carried out.
[1] K. Hirose, T. Ono, Y. Fujimoto, and S. Tsukamoto, First Principles Calculations in Real-Space For-

malism, (Imperial College, London, 2005).
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S27 366

Mechanism of H2O Induced Conductance Changes  
in AuCl4 Functionalized CNTs

* Altynbek Murat1, Ivan Rungger2, Stefano Sanvito2, Udo Schwingenschlögl1

1) KAUST 
2) Trinity College Dublin 

Functionalized carbon nanotubes (CNTs) are promising candidates for nanoscale sensors 
due to their high surface-to-volume ratio and the fact that their properties are very sensitive 
to perturbations. We employ ab-initio self-interaction corrected density functional theory 
combined with the non-equilibrium Green’s function method to study the electronic and 
quantum transport properties of CNTs functionalized with AuCl4 molecules. In particular, we 
investigate the electronic structure and characterize the conductance for different 
concentrations and configurations of randomly distributed AuCl4 with and without the 
adsorption of H2O molecules, and propose a mechanism that explains the origin of the 
recently observed resistivity changes of AuCl4 functionalized CNTs upon H2O adsorption. 
We find that the adsorption of H2O shifts the highest occupied Cl and Au states down in 
energy and thereby reduces the scattering of the electrons around the Fermi level, hence 
enhancing the conductivity. Our results help facilitate the development of highly sensitive 
nanoscale H2O vapor sensors based on AuCl4 functionalized CNTs.
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S27 367

Electronic properties of silicene superlattices

* Ayoub Esmailpour1, Marzieh Abdolmaleki1, Fatemeh Ziba1

1) Shahid Rajaee University 

We studies the conductance of charge carriers through silicene-based superlattices 
consisting of monolayer silicene by means of transfer matrix method. We consider the 
ordered superlattices and drive analytically the transmission probability of dirac fermions. 
The angular dependence of transmission probability depends on the number of barriers. We 
show that the number of resonance picks increases with increasing the number of superlattice 
barriers. In order to the best understand of the appearance of the picks, we exactly studied 
transmission properties of the silicene superlattice. Also, the effect of disorder on the 
probability of transmission through the system of various sizes is studied. The short-range 
correlated disorder is applied on the thickness of electron doped silicene strips as quantum 
barriers which fluctuates around their mean values. We show that the oscillating conductance 
as a function of barriers hight suppress with imposing the disorder in the silicene superlattice. 
Finally we plot the conductivity of disordered system as a function of wells width and show 
that it have oscillatory behavior with increasing wells width and decreases with increasing 
the number of barriers.
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Tuesday 18:30–21:30 h

Symp. 3: f- electrons 
Organized by Olle Eriksson, O. Andersson,  

Paul Durham, Silke Biermann
Poster Area I

S3 368 High Pressure Structural Phase Transition in NdX (X=P, As, Sb) Compounds: 
First Principles Study
* Sanjay Kumar Singh, Rajeshwar Singh, R. P. Singh, U. P. Verma

S3 369 Electron localization in ceria and its role in catalysis: The example of Ni/ceria 
catalysts for hydrogen production
* Maria Veronica Ganduglia-Pirovano, David López-Durán, Javier Carrasco

S3 370 Calculation of f-electrons-bearing materials using DFT+U method
* George Beridze, Yan Li, Ariadna Blanca-Romero, Piotr M. Kowalski

S3 371 Which model for the alpha-gamma phase transition in Cerium?
* Bernard Amadon, Alexis Gerossier, Thomas Applencourt, Fabien Bruneval

S3 372 Ordering of oxygen vacancies and excess charges in reduced ceria
* Gustavo Murgida, Verónica Ganduglia Pirovano, Valeria Ferrari, Ana Maria 
Llois

S3 373 Origin of magnetic anisotropy in Sm2Fe17Nx
* Hisazumi Akai, Masako Ogura, Ayaka Mashiyama

S3 374 Pressure-driven orbital transition in 122 heavy-fermion compounds
* Pascal Delange

S3 375 The Role of Charge Transfer in the Oxidation State Change of Ce Atoms in the 
TM13/CeO2(111) systems (TM = Pd, Ag, Pt, Au): A DFT+U Investigation
* Yohanna Seminovski, Polina Tereshchuk, Rafael L. H. Freire, Crina G. 
Ungureanu, Adam Kiejna, Juarez L. F. Da Silva

S3 376 Succesfull atomistic modeling of f-materials with DFT-based methods
* Piotr Kowalski, George Beridze, Yan Li, Ariadna Blanca-Romero
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Symp. 5: Theoretical Spectroscopy
Organized by Zeila Zanolli and Hubert Ebert

Poster Area A, E, H

S5 377 The optical properties of gold and its alloys via GW and TDDFT
* Okan K. Orhan, David D. O’Regan

S5 378 Surface-assisted formation of graphene nanoribbons on Au surfaces
* Claudia Cardoso, Deborah Prezzi, Elisa Molinari, Andrea Ferretti

S5 379 The electronic structure of quinacridone: Optimally tuned range-separated 
hybrid functional versus GW results
* Daniel Lüftner, Sivan Refaely-Abramson, Michael Pachler, Roland Resel, 
Leeor Kronik, Peter Puschnig

S5 380 Simulation of Near-Edge X-Ray Absorption Fine-Structure (NEXAFS) using 
Density-Functional Theory: Comparison of Core-Level Constraining 
Approaches
* Georg S. Michelitsch, Katharina Diller, Reinhard J. Maurer, Tom Bärwinkel, 
Karsten Reuter

S5 381 Size and Substitution Effects in Excited State Spectra of Small to Medium 
Sized Acenes for the Room Temperature Maser
* Stuart Bogatko, Andrew Horsfield, Peter Haynes, Mark Oxborrow

S5 382 DFT-based reference parameters for solid-state NMR on Li-ion batteries
* Simone Köcher, Markus Schuderer, Magnus Graf, Josef Granwehr, Rüdiger 
Eichel, Karsten Reuter, Christoph Scheurer

S5 383 Dynamic screening and charge transfer processes in the photoemission from 
an adsorbate on a metal cluster
* Natalia E. Koval, Daniel Sanchez-Portal, Andrei G. Borisov, Ricardo Diez 
Muiño

S5 384 Efficient “on-the-fly” calculation of Raman spectra from ab-initio molecular 
dynamics: Application to hydrophobic/hydrophilic solutes in bulk water
* Pouya Partovi-Azar, Thomas Kühne

S5 385 Theory of surface second-harmonic generation for semiconductors including 
effects of nonlocal operators
* Sean Anderson, Nicolas Tancogne-Dejean, Bernardo Mendoza, Valérie 
Véniard

S5 386 Fingerprinting CO2 Electrochemical Reduction Pathways by Soft X-ray 
Spectroscopy: A First-principles Study on Ru Complex Catalyst
* Roci o Sanchez de Armas, Barbara Brena, Ivan Rivalta, C. Moyses Araujo

S5 387 Structural investigation of H-FER zeolite, by DFT-GIPAW and solid state 27Al 
NMR
* Riza Dervisoglu, Mark Koenis, Herma M. Cuppen, Ernst R. H. van Eck, Arno 
P. M. Kentgens, Gilles A. de Wijs

S5 388 Low Energy Neutron Spectroscopy of Organic Ferroelectric Croconic Acid 
From Neutron Scattering and First-principles Density Functional Theory
* Sanghamitra Mukhopadhyay, Matthias Gutmann, Keith Refson, Felix 
Fernandez-Alonso
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S5 389 Natural linear dichroism in grapheme
* Dominik Legut

S5 390 Temperature effects in core-level spectroscopy
* Weine Olovsson

S5 391 Orbital-density and frequency dependency in electronic-structure functionals 
from a Sham-Schluter perspective
* Andrea Ferretti, Nicola Marzari

S5 392 Electronic, optical, and excited-state properties of a metal-organic framework: A 
many-body perturbation theory study 
* Kristian Berland, Sahar Sharifzadeh, Jeffrey B. Neaton

S5 393 Koopamns compliant functionals and their performance against reference 
molecular data
* Nicola Colonna, Giovanni Borghi, Nicola Marzari, Ngoc Linh Nguyen,  
Andrea Ferretti, Ismaila Dabo

S5 394 Resonances from density-functional theory with complex scaling
* Ask Hjorth Larsen, Umberto De Giovannini, Angel Rubio

S5 395 Nonequilibrium Green’s function approach for plasmon-assisted photoemission
* Yaroslav Pavlyukh, Michael Schüler, Jamal Berakdar

S5 396 Fingerprints of spin and orbital physics in resonant ARPES
* Fabiana Da Pieve

S5 397 Many-Body approach to exciton dispersion
* Giorgia Fugallo, Matteo Gatti, Simo Huotari, Francesco Sottile

S5 398 Study of attosecond electron dynamics in molecules induced by ultra-short 
pulses using TD-DFT
* Micael Oliveira, Gabriele D’Avino, Benoit Mignolet, Tomasz Kus, Theodoros 
Papadopoulos, F. Remacle, Matthieu Verstraete

S5 399 Oxidation of ancient paper: a non-destructive spectroscopic methodology for 
cultural heritage preservation
* Adriano Mosca Conte, Olivia Pulci, Joanna Lojewska, Jacek Bagniuk, Ihor 
Kupchak, Claudia Violante, Lorenzo Teodonio, Mauro Missori

S5 400 Influence of the “second gap” on the optical absorption of transparent 
conducting oxides
* Anh Ha, David Waroquiers, Gian-Marco Rignanese, Geoffroy Hautier

S5 401 Mapping atomic orbitals with the transmission electron microscope: Images of 
defective graphene predicted from first-principles
* Lorenzo Pardini, Stefan Löffler, Giulio Biddau, Ralf Hambach, Ute Kaiser, 
Peter Schattschneider, Claudia Draxl

S5 402 Ab initio calculation of the electronic stopping power
* Abdullah Shukri, Fabien Bruneval, Lucia Reining

S5 403 Theoretical K-edge spectroscopy of B- and N-doped grapheme
* Trevor Hardcastle, Che Seabourne, Demie Kepaptsoglou, Quentin Ramasse, 
Rik Brydson, Andrew Scott

S5 404 Scattering resonances in electron diffraction from surfaces: APW-based ab 
initio theory
* Eugene Krasovskii
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S5 405 Dynamic polarizabilites and absorption spectra of carbon nanomaterials
* Biswajit Santra, Mikhail Shneider, Roberto Car

S5 406 A route to the excitation spectra and spin physics of defects from first principles
* Michel Bockstedte, Felix Schütz, Thomas Garratt, Ivady Victor, Adam Gali

S5 407 Simulating X-ray spectroscopy of large organic adsorbates with DFT: possible 
pitfalls on the example of free-base porphine on Ag(111) and Cu(111)
* Katharina Diller, Reinhard J. Maurer, Moritz Müller, Karsten Reuter

S5 408 Optical Signatures of Electron Localization in Amorphous Silicon Dioxide
* Al-Moatasem El-Sayed, Katsumi Tanimura, Alexander Shluger

S5 409 Raman spectra of binary sodo-silicate glasses from first principles calculations
* Dimitrios Kilymis, Jean-Marc Delaye, Simona Ispas

S5 410 Efficient exchange-correlation kernels in time-dependent density functional 
theory
* Santiago Rigamonti, Silvana Botti, Valerie Veniard, Claudia Draxl, Lucia 
Reining, Francesco Sottile

S5 411 Modelling Spin Fluctuations and Magnetic Excitations from Time-Dependent 
Density Functional Theory
* Tommaso Gorni, Iurii Timrov, Andrea Dal Corso, Stefano Baroni

S5 412 Phonons in Molecular Crystals and Their Coupling to Collective Electronic 
Fluctuations
* Johannes Hoja, Alexandre Tkatchenko

S5 413 Electron energy loss anisotropies in max phases: Ti2AlC 
* Marco Cazzaniga, Giovanni Onida, Hans-Christian Weissker

S5 414 Level Renormalization of Benzene Molecule Physisorbed on Graphene Sheet
* Subhayan Roychoudhury, Carlo Motta, Stefano Sanvito

S5 415 Ab-Initio Studies of X-Ray Absorption Spectra in Kesterite Materials
* Archana Manoharan, Lorenzo Pardini, Karsten Hannewald, Claudia Draxl

S5 415 Electronic Structure and Core-Level Spectra of Light Actinide Dioxides in the 
Dynamical Mean-Field Theory
* Jindrich Kolorenc, Alexander B. Shick, Alexander I. Lichtenstein

S5 416 Correlation effects in photoelectron spectroscopy by means of the one-electron 
Green’s function
* Matteo Guzzo, Claudia Draxl

S5 417 Ab initio local field effects for surface second harmonic generation
* Valérie Véniard, Nicolas Tancogne-Dejean, Christine Giorgetti

S5 418 Local Field Effects in the susceptibility of surfaces or thin films
* Christine Giorgetti, Nicolas Tancogne-Dejean, Valérie Véniard

S5 419 Optical excitations from isolated molecules to organic crystals: Can we trust 
time-dependent density-functional theory?
* Caterina Cocchi, Claudia Draxl

S5 420 Ab Initio Calculation of Nonlinear Optical Properties of Transition Metal 
Dichalcogenide Monolayers
* Guang-Yu Guo, Chung-Yu Wang
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S5 421 Linear Scaling Density Functional Theory For The Investigation Of Defective 
Oxide Nanomaterials Using Electron Energy Loss Spectroscopy
* Edward Tait, Laura Ratcliff, Caterina Ducati, Mike Payne, Nicholas Hine

S5 422 Atomistic Modeling of Optical Coefficients in Layered Materials
* Christian Wolfgang Vorwerk, Caterina Cocchi, Claudia Draxl

S5 425 Siegert state expansions in the case of the 1D Square Well Potential
* Maxime Morinière, Luigi Genovese, Alessandro Cerioni, Thierry Deutsch

S5 426 Calculated phonons on gold surfaces from the top into the depth
* Andrei Postnikov, Kamil Moldosanov

S5 426 Optical absorption of complex molecular systems in solution from self-
consistent continuum solvation and time-dependent density-functional 
perturbation theory
* Iurii Timrov, Oliviero Andreussi, Nicola Marzari, Stefano Baroni

S5 427 Many-body effects in quasiparticle interference on noble-metal surfaces
* Ilya Nechaev, Paolo Sessi, Vyacheslav M. Silkin, Thomas Bathon, Lydia El-
Kareh, Evgueni V. Chulkov, Pedro M. Echenique, Matthias Bode

S5 428 Microscopic characterization of calcium fluoride / water interfaces by VSFG 
simulations
* Rémi Khatib, Maria-Jose Perez-Haro, Marie-Pierre Gaigeot, Ellen H. B. 
Backus, Marialore Sulpizi

S5 429 Fully self-consistent calculations of the Doppler spectra of electron-positron 
annihilation radiation: contribution to identification of defects in SiC
* Julia Wiktor, Gérald Jomard, Marc Torrent, Marie-France Barthe, Marjorie 
Bertolus

S5 430 Dynamical mean-filed approach to core-level X-ray photoemission 
spectroscopy for transition metal compounds
* Takayuki Uozumi

S5 431 Pump-probe spectroscopy of non-equilibrium superconductivity
* Michael Sentef

S5 432 Low-energy collective electronic excitations in intercalated graphite compounds
* Juan Pablo Echeverry, Vyacheslav M. Silkin
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Symp. 6: Recent Advances in Diagrammatic  
Methods for the Total Energy

Organized by Kristian Thygesen, Patrick Rinke,  
Georg Kresse, Mark Hybertsen

Poster Area I

S6 433 Explicitly correlated wave-function techniques in an numeric atom-centered 
orbital framework
* Arvid Conrad Ihrig, Patrick Rinke, Igor Ying Zhang, Matthias Scheffler

S6 434 The exact exchange optimized effective potential for solids and molecules
* Per Schmidt, Kristian Thygesen

S6 435 Implementation of periodic Coupled-Cluster methods in the numeric atom-
centered orbital framework
* Tonghao Shen, Igor Ying Zhang, Matthias Scheffler
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Symp. 10: Applications of Quantum Monte Carlo Methods 
Organized by Matthew Foulkes

Poster Area I

S10 436 Towards Accurate Adsorption energetics on Clay Surfaces
* Andrea Zen, Dario Alfe’, Angelos Michaelides

S10 437 Accurate diffusion Monte Carlo calculations of the properties of molecules, 
metals and insulators
* Roman Nazarov, Randolph Q. Hood, Miguel Morales

S10 438 A Quantum Monte Carlo Study on the Adsorption of CO Molecule on Cu(111) 
Surface
* Apichai Jomphoak, Nguyen Thanh Cuong, Ryo Maezono
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Symp. 11: Upscaling Electronic Structure:  
Reduced-Scaling and Multi-Scale Methods

Organized by Peter Haynes, Volker Blum, Stefan Goedecker, 
Javier Junquera, Karsten Reuter, Jorg Neugebauer, 

Matthias Scheffler, Mike Finnis
Poster Area J

S11 439 First-principles based multi-scale modeling of macroscopic reactor response in 
heterogeneous catalysis
* Sebastian Matera Matera, Max J. Hoffmann, Matteo Maestri, Sara Blomberg, 
Alberto Cuoci, Johan Zetterberg, Johan Gustafson, Edvin Lundgren, Karsten 
Reuter

S11 440 Development and Application of an Electrostatic QM/MM Embedding Scheme 
Using GPAW and ASE
* Asmus O. Dohn, Elvar Ö. Jónsson, Kasper S. Kjær, Tim B. van Driel, Tobias 
C. B. Harlang, Martin M. Nielsen, Niels E. Henriksen, Klaus B. Møller

S11 441 Multiscale Modeling of Organic Spintronics Materials
* Erik R. McNellis, Shayan Hemmatian, Amaury Melo Souza, Jairo Sinova

S11 442 Adatom diffusion on metal surfaces: Disentangling the role of phononic and 
electronic energy dissipation
* Simon P. Rittmeyer, Patrick Gütlein, Karsten Reuter

S11 443 Nonorthogonal generalized hybrid Wannier functions for linear scaling DFT 
simulations of surfaces and interfaces
* Andrea Greco, John Freeland, Arash Mostofi

S11 444 Simulation for dislocation core structure and shear modulus of iron alloys (Fe-
Cu, Ni, Si, and Mn) using generalized stacking fault energy
* Toshiharu Ohnuma, Kenichi Nakashima

S11 445 Compositional dependence of the electronic, structural and mechanical 
properties in strained InGaAs ternary alloys: large-scale atomistic calculations
* Petr Khomyakov, Mathieu Luisier, Andreas Schenk

S11 446 Efficient optimization of local orbitals and eigenstate calculations in O(N) DFT 
program CONQUEST
* Ayako Nakata, David Bowler, Yasunori Futamura, Tetsuya Sakurai, Tsuyoshi 
Miyazaki

S11 447 Hamiltonian adaptive QM/MM simulations of aqueous systems
* Rosa Bulo, Jelle Boereboom, Davide Donadio, Raffaello Potestio

S11 448 Massively Parallel Density Functional Theory with Multiwavelets
* Laura Ratcliff, Álvaro Vázquez-Mayagoitia, Nichols Romero

S11 449 Towards large-scale accurate Kohn-Sham DFT for the cost of tight-binding
* Mark Rayson, Patrick Briddon

S11 450 SIESTA-PEXSI: massively parallel method for efficient and accurate ab initio 
materials simulation without matrix diagonalization
* Georg Huhs, Lin Lin, Alberto Garcia, Chao Yang
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S11 451 Linear-scaling density-functional theory with spin-dependent bases: towards 
spin-orbit couplings in ONETEP
* Jose Maria Escartin Esteban, Mike C. Payne, Nicholas D.M. Hine

S11 452 Density Functional Theory Studies of Transition Metal Clusters on TiO2 
Support
* Kevin K. B. Duff, L. Spanu, M. C. Payne, N. D. M. Hine

S11 453 Auxiliary spin-density functionals for magnetic systems: a new class of efficient, 
stable methods for large density functional theory calculations of magnetic 
systems
* Phil Hasnip, Matt Probert

S11 454 Studying environmental effects on pigments in solution using linear-scaling 
time-dependent density-functional theory
* Tim J. Zuehlsdorff, Nicholas D. M. Hine, Mike C. Payne, Peter D. Haynes

S11 455 Multi-scale Modeling of Li-ion Battery Materials
* Sara Panahian Jand, Pouya Partovi-Azar, Payam Kaghazchi

S11 456 A first principles view of natural gas hydrates: from functionals to geophysics
* Filipe Camargo Dalmatti Alves Lima, Caetano Rodrigues Miranda

S11 457 Investigating Solid-solid Phase Transitions in Titanium with Nested Sampling
* Martin Schlegel, Gábor Csányi

S11 458 Multiscale Approaches from Electronic Structure Calculations
* Silvio Pipolo, Roberto Cammi, Stefano Corni

S11 459 Local density fitting within a Gaussian and plane waves approach
* Dorothea Golze, Marcella Iannuzzi, Juerg Hutter

S11 460 Error propagation in multiscale models for heterogeneous catalysis: Adaptive 
sparse grids and first principles kinetic Monte Carlo
* Sandra Döpking, Sebastian Matera, Christoph Scheurer, Daniel Strobusch

S11 461 Novel linear-algebraic theories and massively parallel order-N calculations with 
one-hundred-million atoms
* Takeo Hoshi, Hiroto Imachi, Tomofumi Tada

S11 462 Hybrid functionals within the full-potential linearized augmented lattice-adapted 
plane-wave method
* Gregor Michalicek, Stefan Blügel

S11 463 An investigation of multi-scale modelling with data base 
* Verena A. Neufeld, Gábor Csányi, Vikram S. Deshpande, David Cebon

S11 464 Atomistic simulation by using a novel multiscale approach of sodium iron 
phosphate materials for energy storage applications
* Ariel Lozano, Bruno Escribano, Elena Akhmatskaya, Javier Carrasco

S11 465 First principles kinetic Monte Carlo simulations of competitive CO and NO 
oxidation on Pd(100)
* Juan Manuel Lorenzi, Sebastian Matera, Karsten Reuter

S11 466 Periodic (time dependent) Frozen-Density Embedding in Quantum Espresso
* Alessandro Genova, Alisa Krishtal, Davide Ceresoli, Michele Pavanello
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Symp. 16: Ab Initio Statistical Mechanics
Organized by Luca Ghiringhelli,  
Matthias Scheffler, Berand Smit

Poster Area F, G

S16 467 High-throughput prediction of two-dimensional materials
* Nicolas Mounet, Schwaller Philippe, Andrea Cepellotti, Giovanni Pizzi, Ivano 
Eligio Castelli, Andrius Merkys, Nicola Marzari

S15 468 Embracing complexity: Ion diffusion in occupationally disordered Lithium-
Titanium-Oxide battery materials
* Hendrik H. Heenen, Saskia Stegmaier, Christoph Scheurer, Karsten Reuter

S16 469 Ab Initio kinetic Monte Carlo simulations of CO methanation on Rh(211)
* Mie Andersen, Andrew J. Medford, Thomas Bligaard, Jens K. Nørskov, 
Karsten Reuter

S16 470 Universal distribution of magnetic anisotropy of impurities in ordered and 
disordered nanograins
* Attila Szilva

S16 471 Ab initio modeling of magnetic and alloy phase transitions with high 
performance Wang-Landau + DFT calculations
* Markus Eisenbach, Suffian Khan, Ying-Wai Li

S16 472 The Role of Temperature on the Free Energy of Hydrogen in Iron
* Robert Horton, Michael Finnis

S16 473 A first-principles investigation of Sn/Cu(001)
* Jong-Min Yun, Ji-Hwan Lee, Aloysius Soon

S16 474 Role of Spin States at finite Temperature in Oxygen Adsorption and Activation 
on Noble-Metal Clusters
* Weiqi Wang, Luca M. Ghiringhelli, Matthias Scheffler

S16 475 Stabilization of CH2 on Ru(0001) by hydrogen co-adsorption at realistic 
temperature and pressure
* Xunhua Zhao, Sergey V. Levchenko, Matthias Scheffler

S16 476 Ab initio description of the Ti bcc to ω transition at finite temperatures
* Dominique Korbmacher, Albert Glensk, Blazej Grabowski, Andrew I. Duff, 
Mike W. Finnis, Jörg Neugebauer

S16 477 Ab-initio investigation on the interplay of elasticity and temperature
* Thomas Dengg, Lorenz Romaner, Vsevolod I. Razumovskiy, Peter Puschnig, 
Jürgen Spitaler

S16 478 Entropy-driven self-assembly of water from first-principles?
* Ville Loukonen, Felix Kling, Ralf Bechstein, Peter Spijker, Angelika Kühnle, 
Adam Foster

S16 479 The origin of anharmonicity in fcc solids
* Albert Glensk, Blazej Grabowski, Tilmann Hickel, Jörg Neugebauer
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S16 480 Anharmonicity changes the solid solubility of a random alloy at high 
temperatures
* Nina Shulumba, Olle Hellman, Zamaan Raza, Igor A. Abrikosov, Magnus 
Oden

S16 481 First-principles-based phonon calculations for chemically disordered magnetic 
crystalline alloys at finite temperatures
* Yuji Ikeda, Fritz Körmann, Atsuto Seko, Atsushi Togo, Jörg Neugebauer, Isao 
Tanaka

S16 482 Random phase approximation up to the melting point: The impact of 
anharmonicity and many-body effects on the thermodynamics of Au
* Blazej Grabowski, Stefan Wippermann, Albert Glensk, Tilmann Hickel, Jörg 
Neugebauer

S16 483 Study of the electrocaloric effect using a first-principles effective hamiltonian 
approach
* Madhura Marathe, Claude Ederer

S16 484 Desorption of Functional Molecules from Metals: the Role of Fluctuations
* Reinhard Maurer, Wei Liu, Igor Poltavskyi, Thomas Stecher, Harald 
Oberhofer, Alexandre Tkatchenko, Karsten Reuter

S16 485 Martensitic transformation in Ti-Ta: A first principles study
* Tanmoy Chakraborty, Jutta Rogal, Ralf Drautz

S16 486 Imaging single-molecule reaction intermediates stabilized by surface energy-
dissipation and entropy
* Alexander Riss, Alejandro Perez Paz, Sebastian Wickenburg, Hsi-Zon Tsai, 
Dimas G. de Oteyza, Aaron J. Bradley, Miguel Moreno Ugeda, Felix R. Fischer, 
Michael F. Crommie, Angel Rubio
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Symp. 17: Topological Insulators
Organized by David Vanderbilt, Ingrid Mertig

Poster Area B

S17 487 Topological Crystalline Insulator in a new Bi semiconducting phase
* Francisco Muñoz, Maia G. Vergniory, Tomas Rauch, Juergen Henk, Eugene 
Chulkov, Ingrid Mertig, Silvana Botti, Miguel Marques, Aldo Romero

S17 489 Nontrivial Z2 topology in bismuth-based III-V compounds
* Huaqing Huang, Jianpeng Liu, Wenhui Duan

S17 490 First-principles study of interfaces between topological insulators and normal 
insulators
* Hyungjun Lee, Oleg V. Yazyev

S17 491 Topological band structure of InAs, InSb and their ternary alloys under 
hydrostatic lattice expansion
* Shirin Namjoo, Amir S. H. Rozatiana, Iraj jabbari, Peter Puschnig

S17 492 First-principles study on cubic pyrochlore iridates Y2Ir2O7 and Pr2Ir2O7
* Fumiyuki Ishii, Yo Pierre Mizuta, Takehiro Kato, Taisuke Ozaki, Hongming 
Weng, Shigeki Onoda

S17 493 Topological description of bcc Fe with Fermi-surface Chern numbers
* Daniel Gosálbez-Martínez, Ivo Souza, David Vanderbilt

S17 494  Electronic and topological properties of silicene, germanene and stanene
* Friedhelm Bechstedt, Lars Matthes, Olivia Pulci

S17 495 Graphene-like Dirac states and Quantum Spin Hall Insulators in the square-
octagonal MX2 (M=Mo, W; X=S, Se, Te) Isomers
* Yan Sun, Claudia Felser, Binhai Yan

S17 496 Topological states in $\alpha$-Sn and HgTe quantum wells: comparative ab 
initio studies
* KuefnSebastian Kuefner, Bechstedt Friedhelm

S17 497 Ab-initio investigation of quasiparticle spin-interference on the topological 
insulator Bi2Te3
* Philipp Rüßmann, Phivos Mavropoulos, Nguyen H. Long, Stefan Blügel

S17 498 An efficient way for designing back-scattering protected and highly-localized 
spin-helical states by coupling between Dirac and Rashba states
* Sergey Eremeev, Stepan Tsirkin, Ilya Nechaev, Pedro Echenique, Evgueni 
Chulkov

S17 499 Topological origin of the electron and hole pockets in WTe2
* Lukas Muechler, Wei Hu, Titus Neupert, Lin Lin, Roberto Car

S17 500 Topologically Non-trivial Phase Induced in Phosphorene Oxide by Tensile 
Strain
* Seoung-Hun Kang, Jejune Park, Sungjong Woo, Young-Kyun Kwon

S17 501 Many-body effects in two-dimensional spintronic systems realized by coupling 
of Rashba and Dirac fermions
* Stepan S. Tsirkin, Sergey V. Eremeev, Ilya A. Nechaev, Evgueni V. Chulkov
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S17 502 Dirac semi-metal in the new phase of Ge and Sn
* Wen-Dong Cao, Peizhe Tang, Wenhui Duan, Angel Rubio

S17 503 Maximally localized Wannier functions for topological bands in arbitrary 
dimensions
* Georg Winkler, Alexey Soluyanov, Matthias Troyer

S17 504 Making a practical topologica insulator of grapheme
* Taher Amlaki, Paul J. Kelly

S17 505 Quasiparticle surface band structure of the topological insulator Bi2Se3
* Tobias Förster, Peter Krüger, Michael Rohlfing

S17 506 Z2Pack - automating the search for band structure topologies
* Dominik Gresch, Alexey Soluyanov, David Vanderbilt, Gabriel Autes, Oleg 
Yazyev, Davide Ceresoli, Matthias Troyer

S17 507 Electron-Phonon Interaction in Surface States of Topological Insulators
* Heid Rolf, Irina Yu. Sklyadneva, Eugine V. Chulkov
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Symp. 21: Hybrid Photovoltaic Materials
Organized by Wanda Andreoni

Poster Area B, C

S21 508 Understanding the configurational effects in CZTS solar cells
* Sriram Poyyapakkam Ramkumar, Anna Miglio, Yannick Gillet, David 
Waroquiers, Michiel Van Setten, Geoffroy Hautier, Gian-Marco Rignanese

S21 509 A local structural investigation of Methylammonium Lead Iodide and its layered 
derivatives
* Riza Dervisoglu, Karol Jarolimek, Wouter Franssen, Arno P. M. Kentgens, 
Gilles A. de Wijs

S21 510 Towards a hybrid perovskite-based spintronics? Theoretical inspections
* Mikaël Kepenekian, Claudine Katan, Daniel Sapori, Laurent Pedesseau, 
Jacky Even

S21 511 Electronic structure and dopant configuration of intermediate-band 
semiconductor CuGaS2:Fe
* Jaakko Koskelo, Javad Hashemi, Simo Huotari, Mikko Hakala

S21 512 Polymorphism in guanidinium lead iodide Perovskites
* Zeyu Deng, Shijing Sun, Paul Bristowe, Anthony Cheetham 

S21 513 Exitons in P3HT/SWNT/Fullerene heterojunctions
* Livia N. Glanzmann, Duncan J. Mowbray, Angel Rubio

S21 514 Ab initio thermodynamics study of water induced hybrid perovskite degradation
* Andrew McMahon, Nicholas Harrison, Piers Barnes

S21 515 Combining DFT with Scanning Probe Microscopy to explore organic/inorganic 
interfaces for photovoltaic applications
* Milica Todorović, Cesar Moreno, Oleksandr Stetsovych, Tomoko K. Shimizu, 
Oscar Custance, Rubén Pérez

S21 516 Vibrational properties of hybrid perovskites
* Federico Brivio, Jarvist M. Frost, Jonathan M. Skelton, Aron Walsh

S21 517 Electronic structure and total energies of oxide semiconductors with many-
body perturbation theory based hybrid functionals
* Matteo Gerosa, Carlo Enrico Bottani, Lucia Caramella, Giovanni Onida, 
Cristiana Di Valentin, Gianfranco Pacchioni

S21 518 Atomistic simulations of methylammonium lead halide layers on PbTiO3
* Neculai Plugaru, George Alexandru Nemnes, Andrei Manolescu

S21 519 Relavitistic DFT study for tin- and lead-based organic-inorganic perovskites
* Jingrui Li, Patrick Rinke

S21 520 Electronic and optical properties of NH3CH3PbI3 (MAPI) for solar energy 
harvesting
* Pooya Azarhoosh, Aurelien Leguy, Mark van Schilfgaarde, Piers Barnes, 
Aron Walsh, Jenny Nelson, Jizhong Yao, Oliver Weber, Mark Weller, Daniel 
Brynt
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S21 521 Semiconducting nanocomposites for use as light absorbers in multi-exciton 
generation solar cells: insights from ab initio calculations
* Stefan Wippermann, Emilio Scalise, Marton Voros, Adam Gali, Dario Rocca, 
Gergely Zimanyi, Francois Gygi, Giulia Galli

S21 522 Defect Physics in Tin-Based Organic-Inorganic Perovskite Solar-Cells: A Hybrid 
DFT Study
* Patrick Carey, Run Long, Niall English

S21 523 On the origin of octahedral tilting in hybrid halide perovskites
* Jung-Hoon Lee, June-Ho Lee, Sung-Hoon Lee, Nicholas C. Bristowe, Paul D. 
Bristowe, Anthony K. Cheetham, Hyun Myung Jang

S21 524 Understanding 3C-SiC/SiO2 interfaces in SiC-nanofiber based solar cells from 
ab initio theory
* Taufik Adi Nugraha, Stefan Wippermann

S21 525 Nanointerfaces in semiconducting nanocomposites: atomistic and electronic 
structure from first principles
* Emilio Scalise, Stefan Wippermann, Giulia Galli

S21 526 Electronic properties of the recently discovered TiO$_2$ anatase surface 
phase with a bandgap in the visible
* Miguel Angel Perez Osorio, Feliciano Giustino 

S21 527 B-site engineering of the halide perovskite A-B-X3 system
* Jino Im, Ki-jeong Kong, Hyunju Chang, Hosub Jin, Mercouri G. Kanatzidis

S21 528 Interface eeffects on perovskite solar cells 
* Ali Akbari, Javad Hashemi, Simo Huotari, Mikko Hakala

S21 529 Transition path between and cohesive energies of α-sexithiophene polymorphs
* Bernhard Klett, Caterina Cocchi, Claudia Draxl

S21 530 Growth of anisotropic organic molecules at patterned semiconductor surfaces
* Nicola Kleppmann, Sabine H. L. Klapp

S21 531 Tunable ferroelectric polarization and its interplay with spin-orbit coupling in tin 
iodide perovskite
* Alessandro Stroppa, Domenico Di Sante, Paolo Barone, Menno Bokdam, 
Georg Kresse, Cesare Franchini, Myung-Hwan Whangbo, Silvia Picozzi

S21 532 Properties of the ZnO (10-10) Surface at Realistic Conditions: The Role of 
Hydrogen
* Maria E. Stournara, Santiago Rigamonti, Oliver T. Hofmann, Patrick Rinke, 
Matthias Scheffler

S21 533 Electronic properties and computational design of metal-halide perovskite light 
absorbers for solar cell applications
* Marina Rucsandra Filip, Feliciano Giustino

S21 534 Impact of the interplay between the organic and inorganic sub-lattices in hybrid 
halide perovskites
* Carlo Motta, Fedwa El-Mellouhi, Sabre Kais, Nouar Tabet, Fahhad Alharbi, 
Stefano Sanvito
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Symp. 23: Ultrafast Charge Transfer at the Nanoscale
Organized by Stefan Kurth,  

Robert van Leeuwen, Gianluca Stefanucci
Poster Area I

S23 535 Charge transfer in N-doped Ta2O5/Ru-complex system for photocatalytic CO2 
reduction
* Ryoji Asahi, Alexey V. Akimov, Ryosuke Jinnouchi, Souichi Shirai, Oleg V. 
Prezhdo

S23 536 Coupled quantum-classical method for long-range charge transfer with 
applications to electron and proton transfer effects
* Luis G.C. Rego, Alberto Torres, Robson da Silva

S23 537 Electron Scattering and Secondary Electron Emission of Multilayer Graphene 
by Time-Dependent Density Functional Theory Simulation
* Kazuyuki Watanabe, Yoshihiro Ueda, Yasumitsu Suzuki

S23 538 Laser-induced electron localization in H+2: Mixed quantum-classical dynamics 
based on the exact time-dependent potential energy surface
* Yasumitsu Suzuki, Ali Abedi, Neepa Maitra, E. K. U. Gross

S23 539 Hole Capture and Emission at Silicon Dioxide Defects
* Al-Moatasem El-Sayed, Yannick Wimmer, Wolfgang Goes, Tibor Grasser, 
Valery Afanas’ev, Alexander Shluger

S23 540 Ultrafast Dynamics in Density-Functional Tight-Binding
* Max Boleininger, Andrew Horsfield, Peter Haynes

S23 541 Comparative analysis of charge-transfer energies in pentacene-derived 
systems with constrained DFT
* David Turban, Alex Chin, Nicholas Hine

S23 542 The general retarded response of a continuum solvent within real time TDDFT 
and TDHF
* Silvio Pipolo, Stefano Corni, Roberto Cammi

S23 543 An ab-initio study of charge-transfer times of excited Argon on magnetic 
surfaces
* Moritz Müller, Pedro M. Echenique, Daniel Sánchez-Portal
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Symp. 24: Non-Linear Optics of Materials  
and Nanoplasmonics

Organized by Elisa Molinari, Risto Nieminen,  
Claudio Attacalite, Myrta Gruning, V. Venard

Poster Area J

S24 544 First principle electro-optics in atomic and molecular solids
* Claudio Attaccalite, Elena Cannuccia, Myrta Gruning

S24 545 Plasmons in Transition-Metal Dichalcogenide Heterostructures
* Huseyin Sener Sen, Lede Xian, Angel Rubio

S24 546 Ab initio properties of palladium hydride cluster - large scale atomistic 
simulations with TDDFT
* Mikael Kuisma, Paul Erhart

S24 547 Atomic-scale evolution of the structure of a plasmonic cavity: electronic 
transport versus optical properties
* Federico Marchesin, Peter Koval, Marc Barbry, Daniel Sánchez-Portal

S24 548 TDDFT simulation for early stage of non-thermal laser-processing
* Shunsuke A. Sato, Kazuhiro Yabana, Yasushi Shinohara, Tomohito Otobe, 
Kyung-Min Lee, George F. Bertsch

S24 549 A jellium pseudopotential generator for modelling the plasmonic response of 
metal nanoparticles
* Daniel Clarke, Lorenzo Stella
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Symp. 25: Novel 2D Materials and Heterostructures 
Organized by  Kristian Thygesen, Stefano Sanvito,  

Paul Kelly, Nicola Marzari, Adam Kiejna
Poster Area F

S25 550 Edge structure of graphene nanoislands on Ni(111)
* Aran Garcia-Lekue, Aran Garcia-Lekue, Marc Olle, Gustavo Ceballos, Aitor 
Mugarza, Pietro Gambardella, Daniel Sanchez-Portal

S25 551  Electronic structure and magnetism in partially gated graphene ribbons
* Rita Maji, Joydeep Bhattacharjee

S25 552 Local Field Effects in the susceptibility of surfaces or thin films
* Christine Giorgetti, Nicolas Tancogne-Dejean, Valérie Véniard

S25 553 Electronic and Mechanical Properties of Layered Pnictogen Materials
* Glenn Moynihan, David D. O’Regan

S25 554 Metal contact doping of monolayer transition metal dichalcogenides (TMDs)
* Mojtaba Farmanbar, Geert Brocks

S25 555 Nuclear quantum dynamics of carbon atoms in graphite
* Gabriella Graziano, Matthias Gutmann, Angelos Michaelides, Felix 
Fernandez-Alonso

S25 556 First-Principles Study of the Charge Density Waves in VSe2
* Yang-hao Chan, Mei-Yin Chou

S25 557 Adhesion at TiNi interfaces with Ta, Mo, and Si
* Alexander Bakulin, Konstantin Tarasov, Svetlana Kulkova

S25 558 Influence of halogens on bonding in surface layers of A3B5(001) surface
* Svetlana Kulkova, Alexander Bakulin, Tatyana Spiridonova, Igor Smolin

S25 559 Light absorption and exciton radiative lifetimes in two-dimensional transition 
metal dichalcogenides
* Maurizia Palummo, Marco Bernardi, Jeffrey C. Grossman

S25 560 Structure, strain distribution and energetics of basal-plane dislocations in 
bilayer grapheme
* Konstantin Weber, Bernd Meyer

S25 561 Ab-initio prediction of doping effects on the C 1s core level binding energy of 
graphene
* Efterpi Kalesaki, Ludger Wirtz

S25 562 Dirac Cones in Two-dimensional Borane
* Miguel Martinez-Canales, Timur R. Galeev, Alexander I. Boldyrev, Chris J. 
Pickard

S25 563 The electronic and optical properties of the biphenylene carbon sheet
* Johann Lüder, Carla Puglia, Henrik Ottosson, Olle Eriksson, Biplab Sanyal, 
Barbara Brena

S25 564 Electronic and Vibrational properties of graphene on Ir(111) and SiC(100)
* Henrique Miranda, Alejandro Molina Sánchez, Ludger Wirtz
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S25 565 Valley Hall effect in silicene and hydrogenated silicene ruled by grain 
boundaries: an ab initio investigation
* Roberto Miwa, Matheus Lima, Ricardo Kagimura, Adalberto Fazzio

S25 566 New-class of Semiconducting 2D materials: Tin Dichalcogenides (SnX2)
* Can Ataca, Kedi Wu, Kayahan Saritas, Sefaattin Tongay, Jeffre C Grossman

S25 567 New phases of Germanene
* Engin Durgun, Ongun Ozcelik, Deniz Kecik, Salim Ciraci

S25 568 Exploring III-IV-V Semiconductor Nanosheets from first principles
* G.P. Das, A. Bhattacharya, S. Bhattacharya

S25 569 First-principle calculations of germane grown on Au (111) surface
* Lede Xian, Seymur Cahangirov, María Eugenia Dávila, Guy Le Lay, Angel 
Rubio

S25 560 Spin-orbit coupling and spin textures at oxide interfaces
* Fumiyuki Ishii, Miho Nishida, Naoya Yamaguchi, Hiroki Kotaka, Moh Adhib 
Ulil Absor, Mineo Saito

S25 561 Chemical Bonding of Transition-metal Co13 Clusters with Graphene
* Tomás Alonso-Lanza, Andrés Ayuela, Faustino Aguilera-Granja

S25 562 Polar 1D interfaces in monolayered materials
* Miguel Pruneda

S25 563 Giant excitonic effects in Graphene-like two dimensional systems
* Olivia Pulci, Maria Stella Prete, Paola Gori, Adriano Mosca Conte, Lars 
Matthes, Friedhelm Bechstedt

S25 564 Magnetic Properties of MoS(Se) Naroribbons
* Ludmiła Szulakowska, Paweł Potasz, Arkadiusz Wójs

S25 565 A Theoretical Study of the Electrical Contact Between Heterostructures of 
Single-Layer MoS2
* Wendel Paz, Daniel Bejarano, Juan Jose Palacios

S25 566  w-ZnO bulk and nanowire structures under large uniaxial stresses: electronic 
properties and elastic properties
* Lucy A. Valdez, Ricardo A. Casali

S25 567 Novel Graphene Derivatives Obtained via Reactivity of Fluorographene
* Frantisek Karlicky, Athanasios Bourlinos, Matus Dubecky, Eva Otyepkova, 
Petr Lazar, Radek Zboril, Michal Otyepka

S25 568 Two dimensional electron gas at bare oxide surfaces: some insights from ab 
initio calculations
* Francisco Gonzalez Pinto, Verónica Vildosola, Marcelo Rozenberg, Ruben 
Weht

S25 569 From Epitaxial to Hydrogen-Intercalated Graphene on 3C-SiC: Electronic-
Structure Theory of Tunable Substrate Interactions
* Lydia Nemec, Patrick Rinke, Volker Blum, Matthias Scheffler

S25 570 From silicene and germanene monolayers to multilayers: a first- principles 
study 
* Florian Gimbert, Chi-Cheng Lee, Antoine Fleurence, Rainer Friedlein, Yukiko 
Yamada-Takamura, Taisuke Ozaki
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S25 571 Is few-layer phosphorene a true van der Waals material?
* Luke Shulenburger, Andrew Baczewski, Zhen Zhu, Jie Guan, David Tomanek

S25 572 2D Fe-pnictide nanostructure grown on MnAs: Arsenic-bridged magnetic 
interactions
* Christian Helman, Valeria Ferrari, Ana Maria Llois

S25 573 Ab initio studies of heterostructures consisting of carbon and boron nitride 
layers
* Malgorzata Sznajder, Mikolaj Grabowski, Mikolaj Sadek, Jack A. Majewski

S25 574 Electronic Properties and Chemical Reactivity of TiS2 nanoflakes from first 
principles
* Clotilde Cucinotta, Stefano Sanvito

S25 575 Temperature effects on the optical properties of single-layer MoS2
* Alejandro Molina-Sanchez, Maurizia Palummo, Andrea Marini, Ludger Wirtz

S25 576 Strongly bound excitons in hexagonal BN: From monolayer to bulk
* Hung-Chung Hsueh

S25 577 First-principles study of hydrogenated and fluorinated graphene layers on 
metallic substrates 
* Magdalena Popielska, Maciej Marchwiany, Jacek A. Majewski

S25 578 The electronic structure of multinary III/V semiconductors depending on various 
configurations for a first principles computation of optical properties
* Phil Rosenow, Ralf Tonner

S25 579 Exciton states in monolayer transition metal dichalcogenides: WSe2 as a test 
case and the more intriguing MoSe2 one 
* Iann C. Gerber, Gang Wang, Thierry Amand, Xavier Marie, Bernhard 
Urbaszek

S25 580 Effect of shear strain on band structure and electronic properties of 
phosphorene
* Yashasvi Singh Ranawat, Rishabh Jain

S25 581 Low-energy one-dimensional line defects in single-layered phosphorene: A 
first-principles study
* Woosun Jang, Kisung Kang, Aloysius Soon

S25 582 Field effect transistor devices based on two-dimensional heterostructures 
investigated by large-scale DFT+NEGF simulations
* Daniele Stradi, Nick P. Andersen, Mads Brandbyge

S25 583 Semi-Empirical Description of Kohn Anomalies in the Phonon Dispersion of 
Graphene
* Sven Reichardt, Ludger Wirtz

S25 584 Excitons in two-dimensional quantum-dot superlattices
* Anvar Baimuratov, Ivan Rukhlenko, Vadim Turkov, Alexander Baranov, 
Anatoly Fedorov

S25 585 4d Itinerant Ferromagnetism in p-doped MoS2 Monolayers
* Nirmal Ganguli, Paul J. Kelly

S25 586 Dirac cones, topological edge states, and nontrivial flat bands in 2D 
honeycomb superlattices of chalcogenide nanostructures
* Efterpi Kalesaki, Wouter Beugeling, Christophe Delerue, Yann-Michel Niquet, 
Daniel Vanmaekelbergh, Guy Allan, Cristiane Morais Smith
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S25 587 Electronic structure and optical properties of reduced graphene oxide
* Nourdine Zibouche, Feliciano Giustino

S25 588 First-principles calculation of the band alignment between CuGaS2:Cr 
intermediate band materials and other semiconductors
* Pablo Palacios, J. E. Castellanos Águila, J. Arriaga, José C. Conesa, Perla 
Wahnón

S25 589 Phosphorene Spintronics
* Rohit Babar, Mukul Kabir

S25 590 2D ice structures and phase transitions
* Ji Chen, Georg Schusteritsch, Chris Pickard, Christoph Salzmann, Angelos 
Michaelides

S25 591 Nonconventional screening of the Coulomb interaction in low-dimensional 
semiconductors and insulators
* Ersoy Sasioglu, Christoph Friedrich, Stefan Blügel

S25 592 Exciton and plasmon properties of 2D materials
* Pier Luigi Cudazzo

S25 593 Edge Magnetism Instability in Functionalized zig-zag Graphene Nanoribbons
* Daniele Passerone, Prashant Shinde, Leopold Talirz, Oliver Gröning, Carlo A. 
Pignedoli

S25 594 Computational 2D Materials Database: Electronic Structure of 2D Materials 
Using DFT and GW
* Filip Anselm Rasmussen, Kristian S. Thygesen

S25 595 Investigation of TMDCs/functionalized Graphene Interfaces for High-
Performance Electronics
* Tiziana Musso, Priyank Kumar, Jeffrey Grossman, Adam Foster

S25 596 Effects of the layer stacking on electronic, phononic band structures and 
electron-phonon interactions in MoS2
* Jaehong Park, Cheol Seong Hwang, Jung-Hae Choi

S25 597 Ab-initio investigation of the dielectric function of graphene-boron nitride 
heterostructures
* Morten Gjerding, Kristian Thygesen

S25 598 Controlling phosphorene properties by doping: a first principles study
* Oleksandr Malyi, Vadym Kulish, Clas Persson

S25 599 Tug-of-War between Corrugation and Binding Energy: Revealing the Formation 
of Multiple Moiré Patterns on a Strongly Interacting Graphene-Metal System
* Carlos Romero-Muñiz, Ana Martín-Recio, Antonio J. Martínez-Galera, José 
María Gómez-Rodríguez, Pablo Pou, Rubén Pérez

S25 600 Band-structure effects in vertical layered-material heterostructures
* Gabriel Constantinescu, Nicholas Hine

S25 601 First principles studies on adsorption of magnetic adatoms on 2D 
heterostructures of graphene and h-BN
* Soumyajyoti Haldar, Pooja Srivastava, Olle Eriksson, Prasenjit Sen, Biplab 
Sanyal

S25 602 Density Functional Theory study of the mechanism of metal crystal growth
* Gangotri Dey, Hannes Jónsson
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S25 603 Work-function modification of edge-functionalized grapheme
* George Volonakis, Feliciano Giustino

S25 604 Modelling Excitons in Atomically Thin Semiconductors
* Simone Latini, Thomas Olsen, Kristian S. Thygesen

S25 605 Structure and thermodynamic stability of graphene oxide
* Sebastian Gsänger, Bernd Meyer

S25 606 Band Gap opening in BN-doped monolayer grapheme
* Chih-Piao Chuu, Kuan-Hung Liu, Ching-Ming Wei, Mei-Yin Chou

S25 607 Manipulating the electronic properties of epitaxial graphene on 6H-SiC(0001) 
via nitrogen intercalation
* Nuala Mai Caffrey, Rickard Armiento, Rositsa Yakimova, Igor A. Abrikosov

S25 608 Dirac points with giant spin-orbit splitting in the electronic structure of two-
dimensional transition-metal carbides 
* Hossein Fashandi, Viktor Ivády, Per Eklund, Anita Lloyd Spetz, Mikhail I. 
Katsnelson, Igor A. Abrikosov

S25 609 ab initio analysis of pressure effects on the 2DEG in LAO/STO
* Vladislav Borisov, Natalia Pavlenko, Harald O. Jeschke, Thilo Kopp, Roser 
Valentí

S25 610 Stable two-dimensional dumbbell stanene: a quantum spin Hall insulator
* Peizhe Tang, Wendong Cao, Wenhui Duan, Shoucheng Zhang, Angel Rubio

S25 611 Theoretical investigation of two-dimensional electron gas formation at 
ferroelectric interfaces
* Pablo Aguado-Puente, Nicholas C. Bristowe, Binglun Yin, Raku Shirasawa, 
Philippe Ghosez, Peter B. Littlewood, Emilio Artacho
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Symp. 26: Modeling of Defect Levels
Organized by  Chris van de Walle 

Poster Area K

A26 612  Electron trapping in nanocrystalline titanium dioxide
* Keith McKenna, Suzanne Wallace

S26 613 The In/Cd impurities in GaN and AlN
* Lucy V. C. Assali, J. Mestnik-Filho, H.M. Petrilli, Cottenier, R. Vianden

S26 614 Calculations of defect states using variational, self-consistent implementation 
of Perdew-Zunger self-interaction correction
* Elvar Örn Jónsson, Hildur Guðmundsdóttir, Hannes Jónsson

A26 615 A comparative density functional theory study on the depth-dependence of 
vacancy formation energy at Al surfaces
* Somil Gupta, Marijn van Huis, Marcel Sluiter

S26 616 Linear scaling density functional theory calculations of group III & V doped 
nanowires
* Shereif Mujahed, Conn O’Rourke, David Bowler

S26 617 Identification of vacancy defect complexes in transparent semiconducting 
oxides: the cases of ZnO, In2O3 and SnO2
* Ilja Makkonen, Esa Korhonen, Vera Prozheeva, Filip Tuomisto

A26 618 Combined theoretical and experimental investigation of the atomistic structure 
of ferroelastic domain walls in PbTiO3
* Anand Chandrasekaran, Dragan Damjanovic, Nava Setter, Nicola Marzari

S26 619 Defect Levels Associated With Dislocations in Semiconductor Alloys
* Matthew Horton, Sneha Rhode, Michelle Moram

S26 620 Comparative study of the formation energies of Sb, Cu dopants in sodium 
cobaltate, sensitivity to the treatment of electronic correlation
* Mohammad Hussein Naseef Al Assadi, H. Katayama-Yoshida

A26 621 Role of structural symmetry breaking in the structurally induced lubricity of 
graphene and h-BN homo- and hetero-junctions
* Narjes Ansari, Fariba Nazari, Francesc Illas

S26 622 Enhanced photoluminescence by recovering missing oxygen in Y2O¬3:Bi
* Seungchul Kim, Heechae Choi, Sovann Khan, Kwang-Ryeol Lee, So Hye 
Cho

S26 623 How should the energies of localized vs. delocalized polarons be compared in 
supercell calculations? A case study in self-trapped polarons in silver halides
* Juan María Garcí a Lastra, Simon Loftager, Pablo García-Fernández, José 
Antonio Aramburu, Miguel Moreno

S26 624 The role of point defect energy levels in the photoluminescence of PbS, PbSe, 
and PbTe nanomaterials
* Wun-Fan Li, Chang-Ming Fang, Marjolein Dijkstra, Marijn A. Van Huis

S26 625 Atomic and Electronic Structure of Fe substitutional defects in MgO
* Sebastián Alarcón Villaseca, Sergey V. Levchenko, Matthias Scheffler
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S26 626 Structural and electronic characteristics on Ge/GeOx interfaces
* Kai Liu, Cheol Seong Hwang, Jung-Hae Choi

A26 627 Proper theoretical description of oxidation of acceptor-doped perovskites
* Anders Lindman, Paul Erhart, Göran Wahnström

S26 628 Formation energies, chemical and electronic properties of point defects at Ni-
doped MgO
* Aliaksei Mazheika, Sergey V. Levchenko, Matthias Scheffler

S26 629 The properties of intrinsic defects near a Bi-doped grain boundary in ZnO
* Chenlu Cheng, Jinliang He, Arash A. Mostofi

A26 630 Optimized thermoelectric performance of half-Heusler materials by self- and 
isovalent doping
* Robin Stern, Georg Madsen

S26 631 Stone-Wales Defects in Single Walled Carbon Nanotubes
* Mukul Kabir, Krystyn J. Van Vliet

S26 632 Steps or Terraces? -- Dynamics of Aromatic Hydrocarbons Adsorbed at Vicinal 
Metal Surfaces
* Javier Camarillo-Cisneros, Wei Liu, Alexandre Tkatchenko
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Symp. 28: Matter Under Extreme Conditions
Organized by  Hardy Gross, Angel Rubio

Poster Area G

S28 633 Ab initio simulations of pyrochlores (A2B2O7): the energetics of defects 
formation and the excess properties of pyrochlore-type solid solutions
* Yan Li, Piotr Kowalski, George Beridze, Sarah Finkeldei, Victor Vinograd, Dirk 
Bosbach

S28 634 Accurate descriptions of mixed molecular ices under pressure
* Victor Naden Robinson, Andreas Hermann

S28 635 Density functional theory for self-consistent description of electronic and optical 
properties of warm dense matter
* Genri Norman, Ilnur Saitov

S28 636 First-principles Calculation of Electronic Stopping Contributions from Core 
Electrons and Off-channeling
* Andre Schleife, Alfredo Correa, Yosuke Kanai

S28 637 Highly efficient parallel molecular dynamics using temperature-dependent 
effective potential method
* Igor Mosyagin, Olle Hellman, Weine Olovsson, Sergei Simak, Igor Abrikosov

S28 638 New low-energy tetrahedral polymorphs of carbon, silicon, and germanium
* Andrés Mujica, Chris J. Pickard, Richard J. Needs

S28 639 First-principles theory of High-Temperature Shape Memory Materials
* Sergei Simak

S28 640 Carbon impurities in MgSiO3
* Lucy V. C. Assali, Michel Lacerda

S28 641 Free electron states in warm dense matter: how to distinguish them?
* Genri Norman, Ilnur Saitov, Vladimir Stegailov, Petr Zhilyaev

S28 642 Computational Phase Diagram of Noble Gas Hydrates
* Pattanasak Teeratchanan, Andreas Hermann

S28 643 High pressure compounds in the hydrogen-sulfur system
* Ion Errea, Matteo Calandra, Chris Pickard, Joseph Nelson, Richard Needs, 
Yinwei Li, Hanyu Liu, Yunwei Zhang, Yanming Ma, Francesco Mauri

S28 644 Quantum Hydrogen Behaviour in 2-D Portlandite [Ca(OH)2] under High 
Pressure
* Romain Dupuis, Jose Surga, Jorge Dolado, Andrés Ayuela

S28 655 Dirac Cone Formation in Single-Component Molecular Crystal Under Pressure
* Takao Tsumuraya, Hengbo Cui, Hiori Kino, Tsuyoshi Miyazaki, Reizo Kato

S28 656 Calculations of phonons spectra of MgO and Iron from ab-initio MD simulation
* Johann Bouchet, Francois Bottin, Francoise Remus, Stephane Mazevet, 
Vanina Recoules

S28 657 3He condensed in nanostructure: NMR study
* Mykola Mikhin, Alexander Birchenko, Yana Fysun
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S28 658 Thermoelectric transport properties of warm dense matter from first-principles 
simulations
* Martin French, Ronald Redmer, Thomas Mattsson

S28 659 Model calculation of the Wigner crystal conductivity
* Vitalii Syvokon, Iryna Sharapova

S28 660 Atomistic modeling of nuclear materials
* Piotr Kowalski, George Beridze, Yan Li, Yaqi Ji, Victor Vinograd, Dirk 
Bosbach

S28 661 New type of electronic transition in Os compressed to 770 GPa
* Igor A. Abrikosov, Marcus Ekholm, Qingguo Feng, Leonid V. Pourovskii, 
Mikhail I. Katsnelson, John M. Wills, Natalia Dubrovinskaia, Leonid 
Dubrovinsky

S28 662 On the stability of orthorhombic iron carbide Fe7C3 at the Earth’s core 
* Zamaan Raza, Nina Shulumba, Nuala Caffrey, Olle Hellman, Leonid 
Dubrovinsky, Igor Abrikosov

S28 663 Thermodynamic properties of 1,3,5-triamino-2,4,6-trinitrobenzene under finite 
pressures and temperatures from dispersion corrected density functional 
theory
* Alexey Rykounov

S28 664 Quantum Monte Carlo description of van der Waals solids: Crystalline benzene 
under pressure
* Sam Azadi, Ronald Cohen 

S28 665 The relative stability of fcc, bcc, hcp and dhcp gold under pressure from first 
principles
* Nikolai Smirnov

S28 666 Ab-initio study of anharmonic effects in high pressure atomic metallic hydrogen
* Miguel Borinaga, Ion Errea, Aitor Bergara
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Symp. 29: Electronic Structure Theory for Biophysics
Organized by  Carsten Baldauf, Leonardo Guidoni  

and Gerrit Groenhof
Poster Area C, D

S29 667 Ground State and Optical Properties of Cation Silver-mediated DNA 
homopolymers: A Combined Theoretical and Experimental Study
* Leonardo Andres Espinosa Leal, Steven M. Swasey, Elisabeth G. Gwinn, 
Olga Lopez-Acevedo

S29 668 Hyperfine, Electronic and Reactivity Properties of Metal Complexes with 
Potential Biological Activity
* Adamor Luz Eleiel Virgino, Marcelo Cecconi Portes, Rafael Rodrigues do 
Nascimento, Filipe Camargo Dalmatti Alves Lima, Leiz M. C. Veras, Ana 
Carolina Mafud, Jose Roberto de Souza de Almeida Leite, Yvonne P. 
Mascarenhas, Ana Maria da Costa Ferreira, Helena Maria Petrilli

S29 669 Global structure search from first principles: the example of thiourea catalysts
* Adriana Supady, Teresa Ingram, Matthias Scheffler, Carsten Baldauf

S29 670 Computational investigation on the effect of halogen substitution on the 
electronic, optical, and transport properties of guanine
* Giancarlo Cappellini, Roberto Cardia, Giuliano Malloci

S29 671 Theoretical Study of AgAun (n=1-11) Nano Alloy Clusters Invoking DFT 
Methodology
* Prabhat Ranjan, Ajay Kumar, Tanmoy Chakraborty

S29 672 Charge Transfer Rates at a Bio−Inorganic Interface
* Daniele Varsano, Wenming Sun, Andrea Ferretti, Giorgia Brancolini, Stefano 
Corni, Rosa Di Felice

S29 673 The study of metal-base pairing in DNA by means of molecular dynamics 
simulations
* Alexander Karpenko, Leonardo Espinosa Leal, Olga Lopez-Acevedo

S29 674 Combining UV-Pump IR-Probe Spectroscopy and DFT calculations 
* A. Zacarias, K. Heyne, E.K.U. Gross

S29 675 Force-field and first-principles driven conformational sampling of microsolvated 
histidine-cation systems
* Markus Schneider, Volker Blum, Matthias Scheffler, Carsten Baldauf

S29 676 Theoretical studies of kinase CDK1/cyclinB inhibition by oxindolimine ligand 
isapn and corresponding copper complex, [Cu(isapn)]² 
* Philippe Alexandre Divina Petersen, Rafael Rodrigues do Nascimento, 
Helena Maria Petrilli, Rodrigo Bernadini Miguel, Carla Columbano Oliveira, Ana 
Maria Costa Ferreira

S29 677 Correlation effects in the electronic structure of the photosystem II complex
* Edward Linscott, Daniel Cole, Nicholas Hine, Mike Payne

S29 678 Photophysics and photochemistry of DNA molecules: electronic excited states 
leading to thymine dimerization
* Jian-Hao Li, Tim Zuehlsdorff, Mike Payne, Nicholas Hine
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OTHERS
Poster Area K, L

OTH 679 Bulk properties of 71 elemental solids: benchmarking the exciting code
* Sven Lubeck, Andris Gulans, Claudia Draxl 

OTH 680 Out- versus in-plane magnetic anisotropy of Fe and Co nanocrystals
* Dongzhe Li, Alexander Smogunov, Martin R. Castell, Fabien Silly, Cyrille 
Barreteau 

OTH 681 The Electronic Structure Library: a community-driven common library project for 
software development in electronic structure
* Fabiano Corsetti, Micael Oliveira, Luis Agapito, Nick Papior Andersen, Emilio 
Artacho, Volker Blum, Christian Carbogno, Abel Carreras, Michele Ceriotti, 
Alexandr Fonari, Thomas Frederiksen, Alberto Garcia, Luigi Genovese, Georg 
Huhs, Jan Kloppenburg, Ask Hjorth Larsen, Paulo V. C. Medeiros, Stephan 
Mohr, Arash A. Mostofi, Yann Pouillon, José M. Soler, James Spencer, Dominic 
Tildesley, Marc Torrent, Matthieu Verstraete 

OTH 682 Lindhard response of low dimensional materials
* Ionel Bogdan Guster, Desanka Boskovic, Enric Canadell, Miguel Pruneda, 
Pablo Ordejon 

OTH 683 Linear Response with DFPT in SIESTA
* Lorenzo Riches, Javier Junquera, Alberto García, Pablo Ordejón, Miguel 
Pruneda 

OTH 684 Disintegration and redispersion of noble metal nanoparticles: an ab initio 
thermodynamics study
* Bryan Goldsmith, Evan Sanderson, Runhai Ouyang, Wei-Xue Li 

OTH 685 Intermolecular interactions in L-Cystine crystal
* Anaid Gabriela Flores Huerta, Alexandre Tkatchenko, Marcelo Galván 

OTH 686 New insights into the structures of poly(p-phenylene terephthalamide): a first-
principles study
* Pegah Zolfaghari, Ole Brauckmann, Arno P.M. Kentgens, Gilles A. de Wijs 

OTH 687 Water interaction with graphene nanoflakes: relevance of van-der-Waals
* Ana Maria Valencia, Marilia Junqueira Caldas 

OTH 688 Imaging Molecules in Atomic Force Microscopy with Carbon Monoxide 
Terminated Tips
* Nikolaj Moll, Leo Gross, Bruno Schuler, Alessandro Curioni, Gerhard Meyer 

OTH 689 Testing and using the Lewin-Lieb bounds in density functional theory
* David Feinblum, John Kenison, Kieron Burke 

OTH 690 Speeding up Ab-initio structural relaxation by force-fitting
* Gil Vander Marcken, Gian-Marco Rignanese, Geoffroy Hautier 

OTH 691 Adhesion and material transfer between contacting Al and TiN surfaces from 
first principles
* Gregor Feldbauer, Michael Wolloch, Peter Mohn, Josef Redinger, Andras 
Vernes 

OTH 692 Transition mechanism from icosahedral to decahedral phase of nanoclusters
* Alexey Tal, Peter Münger, Igor Abrikosov 
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OTH 693 AMULET - Advanced Materials simULation Ekaterinburg’s Toolbox.
* Alexander Poteryaev 

OTH 694 Adiabatic and nonadiabatic molecular dynamics with conditional wave functions
* Guillermo Albareda, Ali Abedi, Josep Maria Bofill, Ivano Tavernelli, Angel 
Rubio 

OTH 695 The KKR method with projection potentials: exact result for the density
* Rudolf Zeller 

OTH 696 Lysine Demethylation reaction catalyzed by Jmj-C domain containing 
demethylases
* Nerea Alberro, Miquel Torrent-Sucarrat, Iosune Arrastia, Ana Arrieta, 
Fernando Pedro Cossío 

OTH 697 Perpendicular magnetic anisotropy induced by Ga-ordering in galfenol thin films
* Christian Helman, Maria Andrea Barral, Solange Di Napoli, Ana Maria Llois, 
Julian Milano 

OTH 698 Why are snowflakes hexagonal?
* Edgar Engel, Bartomeu Monserrat, Richard Needs 

OTH 699 Magnetism of Co nanochains on the Cu(001) surface
* Ricardo Noboru Igarashi, Ivan de Paula Miranda, Angela Burlamaqui Klautau, 
Mario Norberto Baibich, Gerardo Martinez, Helena Maria Petrilli

OTH 700 Formation and interaction of point defects in group IVb transition metal carbides 
and nitrides
* Maxim Popov, Vsevolod I. Razumovskiy, Hong Ding, Joakim Odqvist 

OTH 701 A detailed view on the effect of the spin-orbit coupling on the magnetocrystalline 
anisotropy: case study of FePt
* Ondrej Sipr, Saleem Khan, Peter Blaha, Hubert Ebert, Jan Minar

OTH 702 Influence of xc-functionals on the opto-electronic properties of WO3 polymorphs
* Yong-hyuk Lee, T. H. Lee, W. Jang, Aloysius Soon 

OTH 703 Properties of self-assembled monolayers of hydrogen-bonded triphenylamine 
derivatives on metal and insulator substrates
* Martin Gurrath, Christian Steiner, Sabine Maier, Bernd Meyer 

OTH 704 Charge state corrections from microscopic polarizability: how to access it, the 
advantages, and various challenges
* Osman Baris Malcioglu, Michel Bockstedte 

OTH 705 How Molecules Interact Through Nanostructures
* Mausumi Chattopadhyaya, Alexandre Tkatchenko 

OTH 706 First-principles modeling of copper impurity diffusion in TiN
* Anton Bochkarev, Maxim Popov, Jürgen Spitaler, Peter Puschnig 

OTH 707 Hydrogen Adsorption and Absorption on/in Noble Metal Materials
* Airi Kawasaki, Tran Thi Thu Hanh, Yoshinari Takimoto, Osamu Sugino 

OTH 708 Pressure-dependence of structural and vibrational properties of phenanthrene 
and picene
* Marc Höppner, Lilia Boeri 

OTH 709 Role of van der Waals interactions in catalytic processes at surfaces
* Fairoja Cheenicode Kabeer, Alexandre Tkatchenko
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OTH 710 Exploring the sequential on-surface structural transformation of a hydrocarbon 
molecule using density functional theory
* Ville Loukonen, Shigeki Kawai, Ernst Meyer, Benjamin Lindner, Kazukuni 
Tahara, Yoshito Tobe, Adam Foster 

OTH 711 The PSML format and library for norm-conserving pseudopotential interoperability
* Alberto Garcia, Javier Junquera, Matthieu Verstraete 

OTH 712 Ab-initio calculation of the real contact area on the atomic scale
* Michael Wolloch, Gregor Feldbauer, Peter Mohn, Josef Redinger, Andras 
Vernes 

OTH 713 Non-collinear magnetic structures in Mn based Inverse Heusler alloys
* Souvik Paul, Biplab Sanyal, Subhradip Ghosh 

OTH 714 CO2 at α-SiO2(001) surface: a first principles study
* Oleksandr Malyi, Clas Persson 

OTH 715 Full-potential LAPW as a DFT benchmarking tool
* Andris Gulans, Sven Lubeck, Claudia Draxl 

OTH 716 Ab-initio study on positron states at metal surfaces covered with alkali metal 
atoms
* Satoshi Hagiwara, Chunping Hu, Kazuyuki Watanabe 

OTH 717 Efficient and accurate determination of lattice-vacancy diffusion coefficients via 
nonequilibrium ab-initio molecular dynamics
* Davide G. Sangiovanni, Olle Hellman, Björn Alling, Igor A. Abrikosov 

OTH 718 TDDFT calculations of the vicinage effect in the energy loss of antiprotons in 
metals
* Natalia Koval, Daniel Sanchez Portal, Andrei G. Borisov, Ricardo Diez Muiño 

OTH 719 Surface states with a peculiar spin structure
* Peter Krüger, Sebastian D. Stolwijk, Philipp Eickholt, Sune N. P. Wissing, 
Katharina T. Ritter, Anke B. Schmidt, Markus Donath 

OTH 720 Coulomb interaction in Eliashberg theory of superconductivity
* Arkadiy Davydov, Antonio Sanna, Sangeeta Sharma, John Kay Dewhurst, 
Andreas * Linscheid, E.K.U. Gross 

OTH 721 Time-dependent density functional theory and experiments for femtosecond 
laser pulse at Wide-bandgap materials and Graphite materials
* Shintaro Kurata, Norihito Kawaguchi, Masaki Hashida, Shuji Sakabe, 
Kazuhiro Yabana 

OTH 722 Magnetism of FexCo1-x nanoclusters on Pt(111) surface
* Ivan de Paula Miranda, Ricardo Noboru Igarashi, Angela Burlamaqui Klautau, 
Helena Maria Petrilli 

OTH 723 Projector Augmented-Wave formulation of response to strain and electric field 
perturbation within the density-functional perturbation theory
* Marc Torrent, Alexandre Martin, Razvan Caracas 

OTH 724 LCAO-CPA within a pseudopotential framework: application to substitutional 
disorder in iron pnictides
* Alexander Herbig, Rolf Heid, Robert Eder 

OTH 725 Multiple Oxidation and Spin Sates in the Cyclopropanation of Olefins Catalyzed 
by Fe-Porphyrin Complexes
* Miquel Torrent-Sucarrat, Iosune Arrastia, Ana Arrieta, Fernando P. Cossío 



Abstracts of Poster Session 2





Ψk-2015

 Abstracts of  Poster Session 2 •  Tuesday, September 8,  2015 583

Symp. 3: f- electrons 
Organized by Olle Eriksson, O. Andersson, 

Paul Durham, Silke Biermann
Poster Area I

S3 368

High Pressure Structural Phase Transition in NdX (X=P, As, Sb) 
Compounds: First Principles Study

* Sanjay Kumar Singh1, Rajeshwar Singh1, R. P. Singh2, U. P. Verma3

1) Doaba Group of Colleges, Applied Science, S. B. S. Nagar, Punjab-144514, India 
2) Department of Physics, S. S. V. Degree College, 11 Hapur C. C. S. University – Meerut, India 
3) S. O. S in Physics, Jiwaji University, Gwalior-474011, Madhya Pradesh, India 

The structural and phase transition properties of NdX (X = P, As, Sb) under high pressure 
have been investigated using an ab-initio full potential linear augmented plane wave plus 
local orbitals approach within the framework of density functional theory as implanted in the 
WIEN2k package. In this approach the generalized gradient approximation is chosen for the 
exchange-correlation functional energy optimization for calculating the total energy. At 
ambient conditions NdX stabilize in NaCl (B1 phase) structure. Under compression, it 
undergoes first-order structural transition from Fm-3m to P4/mmm (body centre tetragonal) 
phase at 30.0, 24.06 and 15.1 GPa which is found to be in good agreement with the available 
experimental data 30.0, 24.2 and 15.0 GPa respectively. The structural properties viz., 
equilibrium lattice constants, bulk modulus and its pressure derivative and volume collapse 
are also calculated and compared with previous calculations and available experimental 
data.
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S3 369

Electron localization in ceria and its role in catalysis:  
The example of Ni/ceria catalysts for hydrogen production

* Maria Veronica Ganduglia-Pirovano1, David López-Durán1,2, Javier Carrasco1,2

1) Institute of Catalysis and Petrochemistry, CSIC, Madrid, Spain 
2) CIC Energigune, Miñano, Spain 

Ceria (CeO2) is the most significant of the oxides of rare-earth elements in industrial catalysis. 
Specifically, the role of ceria in the catalytic activity of ceria-based systems is still not fully 
understood. To unreveal it, well-defined ceria-based model catalysts are prepared 
experimentally or created theoretically and studied [1]. In this talk, the emphasis is put on 
theoretical DFT+U studies on model Ni/CeO2(111) catalysts for hydrogen production [2,3], 
and special attention is given to the effects of ceria as catalyst support as well as the ability 
of state-of-the-art quantum-mechanical methods to provide reliable energies and an accurate 
description of the electronic structure of reduced ceria-based systems [4,5]. We compare Ni 
adatoms on CeO2(111), pyramidal Ni4 particles with one Ni atom not in contact with the 
support, and extended Ni(111) and CeO2(111) surfaces. We discuss the chemisorption 
properties for C, CO, and H2O and the activation barriers for H2O dissociation as a crucial 
step in the CO+H2O→H2+CO2 reaction. The importance for the activity and selectivity for the 
reaction of the ability of ceria to stabilize Ni2+ species by accomodating electrons in localized 
f-states, will be highlighted.
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S3 370

Calculation of f-electrons-bearing materials using DFT+U method

* George Beridze1, Yan Li1, Ariadna Blanca-Romero2, Piotr M. Kowalski1

1) Institute of Nuclear Waste Management and Reactor Safety (IEK-6), Forschungszentrum Jülich, 
Jülich, Germany 

2) Imperial College London, London, United Kingdom 

Immobilization of dangerous radionuclides in radiation damege and leakage resistant solid 
materials disposed in deep geological formations is often considered as a strategy for 
management of nuclear waste. This however, requires detailed characterization and in-
depth understanding of properties of candidate waste form materials. With modern 
computational resources and state-of-the-art ab initio methods of computational quantum 
chemistry one can contribute to such a challenging research by providing an atomic-scale 
view on the processes that deremine the properties of prospective nuclear waste forms. 
Unfortunatelly, DFT often fails for f-materials. Instead, much more computationally demanding 
and often unfeasible methods like hybrid functionals, MP2 or CCSD(T) are proposed for 
investigation, highly limiting the sizes of the systems that could be simulated. We will show 
an assessment of DFT+U method – a computationally feasible extension of DFT that 
provides better description of strong correlations - for prediction of the structural and 
thermodynamic properties of actinide- and lanthanide-bearing materials such as simple 
uranium-bearing molecules and solids, monazite-type orthophosphates (LnPO4) and 
pyrochlores (Ln2(Zr,Hf)2O7). We will demonstrate that exceptionally good description of 
materials structures and energetics can be obtained only when the Hubbard U parameter is 
derived ab initio for each f-element and each material.

S3 371

Which model for the alpha-gamma phase transition in Cerium?

* Bernard Amadon1, Alexis Gerossier1, Thomas Applencourt1, Fabien Bruneval2

1) CEA, DAM, DIF, F-91297 Arpajon, France 
2) CEA, DEN, Service de Recherches de Métallurgie Physique, F-91191 Gif-sur-Yvette, France 

We clarify the orbital mechanism and the role of Coulomb interaction in the α−γ transition in 
cerium.

FIrst [1], we use a Wannier basis to study the relative role of several orbital hoppings 
upon compression of cerium and DFT + DMFT calculations are used to quantify the impact 
of these hoppings on electronic structure. Our conclusion is that upon compression of γ 
cerium, the change of hybridization is due to both interatomic ff and fd hopping integrals. In 
particular, neglecting ff hoppings leads to an important renormalization of both the 
hybridization and the quasiparticle peak. Thus, neither the Kondo volume collapse nor the 
Mott transition model are sufficient to describe the isostructural transition in cerium.
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Second [2], we show that a self-consistent calculation of the effective interaction together 
with a consistent Wannier basis is mandatory for γ cerium. We emphasize that a static 
approximation for the screened interaction in α cerium is too drastic.
[1] Bernard Amadon and Alexis Gerossier Phys. Rev. B 91, 161103(R) (2015)
[2] Bernard Amadon, Thomas Applencourt, and Fabien Bruneval Phys. Rev. B 89, 125110 (2014)

S3 372

Ordering of oxygen vacancies  
and excess charges in reduced ceria

* Gustavo Murgida1, Verónica Ganduglia Pirovano2, Valeria Ferrari1, Ana Maria Llois1

1) Centro Atómico Constituyentes - CONICET 
2) Instituto de Catálisis y Petroleoquímica - CSIC 

The extraordinary ability of ceria to store, release, and transport oxygen is extensively 
exploited in catalysis and also in other applications, such as nonvolatile memories, logic 
gates, and fuel cells. The localization of the electrons left behind upon vacancy formation, 
driving the Ce4+→Ce3+ reduction, are essential to such applications.

Knowing the ordering of oxygen vacancies and excess charge is crucial to optimize ceria-
based materials, but there is no wide consensus about this subject. To tackle this issue, we 
use DFT in combination with thermodynamics to elucidate the structure of defective ceria 
bulk phases [1], Co doped ceria bulk [2], and the reduced CeO2(111) surface [3].

We find correlations between vacancy-vacancy as well as vacancy-Ce3+ relative positions 
and total energies, providing clear indication of the proneness to adopt certain particular 
relative positions [1], and suggesting a simple model to predict the ordering of charges and 
vacancies in the CeO2 bulk. For the CeO2(111) surface, it is shown that the most stable 
vacancy structure -under a wide range of reducing conditions- has all its vacancies in the 
subsurface, forming a (2×2) pattern, as suggested experimentally [4].
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S3 373

Origin of magnetic anisotropy in Sm2Fe17Nx

* Masako Ogura1, Ayaka Mashiyama1, Hisazumi Akai2

1) Department of Physics, Graduate School of Science, Osaka University 
2) Institute for Solid State Physics, The University of Tokyo 

The effects of N insertion in the permanent magnet material Sm2Fe17Nx on the magnetic 
anisotropy are discussed in terms of change in the electronic structure. On insertion of N, 
large hybridization occurs between Sm 4f and N 2p states. This causes a uniaxial crystalline 
anisotropy in Sm 4f states, which in turn creates magnetic anisotropy through 4f spin-orbit 
coupling, 4f-5d intra atomic, and 5d-3d interatomic exchange couplings. In the same time, 
the 3d states at Fe near N hybridize with the N 2p states and acquire an electronic structure 
similar to that of Co. As a results, the magnetic moments at these sites decrease. The 
magnetic moments at the other Fe sites increase because of the hybridization with thus 
changed 3d states of Fe near N. We also discuss the cases where N is replaced by other 
typical elements.

S3 374

Pressure-driven orbital transition  
in 122 heavy-fermion compounds

* Pascal Delange1

1) Ecole Polytechnique 

Heavy-fermion compounds of the 122 family CeX2M2 (where X is Ge or Si and M a transition 
metal) have recently received a lot of attention for their rich phase diagrams. CeSi2Cu2, in 
particular, has a superconducting phase with a double-dome shape in pressure-temperature 
space thought to be due to both valence and anti-ferromagnetic fluctuations.

We take a periodic Anderson model (PAM) with two local orbitals split by a crystal field 
and hybridizing with different strenghts with a conduction band as a model Hamiltonian to 
represent these materials. We compute the occupancies of the orbitals as a function of 
temperature and pressure in the dynamical mean-field approximation. Our results suggest 
that at low enough temperature, applying increasing pressure pushes the f-electron from a 
crystal-field ground state with a Kondo scale TK given by a degeneracy N=2, to an excited 
crystal-field level with a Kondo scale rather corresponding to the degeneracy N=4. Hence, 
the Kondo temperature is strongly enhanced through the process. A similar transition can be 
observed varying the temperature, with the Kondo scale going through a crossover from the 
N=4 to N=2 behaviour when the temperature is lowered.
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S3 375

The Role of Charge Transfer in the Oxidation  
State Change of Ce Atoms in the TM13/CeO2(111) systems 
(TM = Pd, Ag, Pt, Au): A DFT+U Investigation

* Yohanna Seminovski 1, Polina Tereshchuk1, Rafael L. H. Freire2, Crina G. 
Ungureanu1, Adam Kiejna3, Juarez L. F. Da Silva1

1) São Carlos Institute of Chemistry, University of São Paulo, PO Box 780, 13560-970, São Carlos, 
SP, Brazil 

2) São Carlos Institute of Physics, University of São Paulo, PO Box 369, 13560-970, São Carlos, 
SP, Brazil 

3) Institute of Experimental Physics, University of Wrocław, Plac M. Borna 9, 50-204 Wrocław, 
Poland 

Despite extensive studies of transition-metal (TM) supported on CeO2, the role of TM-atoms 
in the oxidation-state change of Ce-atoms still needs elucidation. According to this, we report 
a theoretical investigation of 13-atom TM-clusters (TM13) over a 4x4 unit-cell of unreduced 
CeO2(111) surface, based on static and molecular-dynamics calculations and employing 
Hubbard-corrections for strongly-correlated Ce f-electrons. We found that our lowest-energy 
pyramidal-like TM13 structures have a stacking TM/TM4/TM8/CeO2(111) and these TM13-
clusters induce a change in the oxidation-state of few Ce-atoms (3 of 16) in the topmost-Ce 
layer, on which Ce f-states change from itinerant to localized. Charges flowing from TM8-
layer to CeO2(111) surface due to electronegativity-difference changes the effective-cationic-
charge in Ce-atoms. However, the pressure of the TM13-clusters on the underlying O-ions 
avoids a uniform distribution of charge, which decreases the ionic-charge of O-ions located 
below the cluster and increases in the remaining O-ions. In these conditions, the charge 
cannot flow from CeIV to the O-atoms with the same magnitude as in the clean CeO2(111) 
surface. Consequently, the charge changes only for those Ce-atoms around the cluster. This 
increases the size of Ce-atoms compared with pristine Ce-cations, which builds-in strain 
within the topmost-Ce layer, hence, affecting the CeIIIcations vicinity and TM13-clusters 
structure.



Ψk-2015

 Abstracts of  Poster Session 2 •  Tuesday, September 8,  2015 589

S3 376

Succesfull atomistic modeling  
of f-materials with DFT-based methods

* Piotr Kowalski1, George Beridze1, Yan Li1, Ariadna Blanca-Romero2

1) Institute of Nuclear Waste Management and Reactor Safety (IEK-6), Forschungszentrum Jülich, 
Jülich, Germany 

2) Imperial College London, London, United Kingdom 

Nuclear materials containig f-elements are challenging to the DFT-based methods. Because 
of the strongly correlated electrons DFT often fails dramatically, predicting wrong electronic 
states of the investigated materials and thermochemical and thermodynamical parameters 
that deviate significantly from the measured values. Here we discuss the results of the 
applications of DFT+U method with the Hubbard U parameter value computed ab initio and 
f-in-the-core approaches to modeling the structures, the formation and the reaction enthalpies 
of lanthanide- and actinide- bearing molecules and solids. Surprisingly both approaches 
give often consistent results, while f in valence DFT calculations lead to dramatically wrong 
results. On the other hand the excess properties of solid solutions can be only reliably 
computed with f-in-the-core approach, while explicit treatment of f-electrons, either be DFT 
or DFT+U can often lead to weird and incorrect predictions of the excess enthalpies. We will 
demonstrate several examples of performance of these methods for the derivation of 
structural, thermochemical and thermodynamical properties of various materials, including 
novel nuclear waste forms such as monazite- and pyrochlore-type ceramics. These results 
are of importance for the feasible and reliable modeling of f-materials by DFT-based methods. 
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S5 377

The optical properties of gold and its alloys via GW and TDDFT

* Okan K. Orhan1, David D. O’Regan1

1) Trinity College Dublin, CRANN, AMBER 

Noble metal alloys and nanostructures are widely used in technological applications, such 
as medical imaging and heat assisted magnetic storage, due to their plasmonic response in 
the visible range. In this work, we seek to determine the minimal level of first-principles 
theory that offers quantitatively accurate spectroscopic simulation of bulk gold, and whether 
such simulations may be expedited in the case of random alloys. In particular, we assess the 
comparability of perturbative G0W0 calculations carried out using selected codes, Yambo, 
Abinit and BerkleyGW. The importance of including spin-orbit coupling is investigated, 
specifically whether it is sufficient to include it only in the Kohn-Sham DFT calculations 
preliminary to G0W0. The contribution to the absorption spectra arising due to non-local 
potentials is also assessed, along with the possibility of accellerating the cell-size convergence 
of simulated spectra, in the case of random alloying, using appropriately weighted minimal 
cells. Finally, we demonstrate inclusion of the DFT+U term in the exchange-correlation 
kernel, yielding TDDFT+U, as implemented within the ONETEP code, showing preliminary 
results in simple representative systems.
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S5 378

Surface-assisted formation  
of graphene nanoribbons on Au surfaces

* Claudia Cardoso1, Deborah Prezzi1, Elisa Molinari1,2, Andrea Ferretti1

1) S3 Center, Istituto Nanoscienze, CNR via Campi 213/A, 41125, Modena, Italy 
2) Dipartimento di Scienze Fisiche, Informatiche, Matematiche, Università di Modena e Reggio 

Emilia, 41125 Modena, Italy 

The formation of graphene nanoribbons (GNRs) on Au(110) and Au(111), as based on the 
surface-mediated reaction of 10,10’-dibromo-9,9’ bianthracene (DBBA) molecules was 
investigated by means of first-principles calculations. The study was done in direct 
collaboration with experimental groups performing system characterization by means of 
STM, XPS/UPS, NEXAFS. The comparison between the Au(110) and Au(111) surfaces 
unveils the delicate interplay between surface atomic corrugation, molecular mobility, and 
adsorption energies, that drive the GNR growth. 

Concerning the Au(110) surface, we have studied the molecule/surface interaction at 
different stages of the GNR formation. The role of different reconstructions has been 
investigated, showing that both precursors and GNRs interact differently with different 
surfaces. Calculations for the precursor molecules showed that initial stages of the reaction 
crucially determine the final configuration and orientation of the GNRs.

In the specific case of Au(111) we have also studied the evolution of the Au Shockley 
surface state as a function of GNR growth. We show that the GNR/Au interaction results in 
an upshift of the Shockley surface state of Au(111) by 0.2 eV, together with an increased 
electron effective mass.

S5 379

The electronic structure of quinacridone: Optimally tuned  
range-separated hybrid functional versus GW results

* Daniel Lueftner1, Sivan Refaely-Abramson2, Michael Pachler3, Roland Resel3, Leeor 
Kronik2, Peter Puschnig1

1) Institute of Physics, University of Graz, Graz, Austria 
2) Department of Materials and Interfaces, Weizmann Institute of Science, Rehovoth, Israel 
3) Institute of Solid State Physics, Graz University of Technology, Graz, Austria 

In density functional theory (DFT), standard exchange-correlation functionals tend to predict 
too small fundamental gaps, may lead to wrong orbital energy ordering, and do not capture 
polarization-induced gap renormalization. Here, we examine these issues and a strategy for 
overcoming them, by studying the electronic structure of the organic molecule quinacridone, 
with many promising properties for organic devices, both, for the isolated molecule as well 
as for its beta- bulk crystal structure, using DFT as well as many-body perturbation theory. 
We employ an optimally tuned range-separated hybrid functional (OT-RSH) for the isolated 
molecule. Thereby we obtain an ionization potential in quantitative agreement with 
experiment. For the bulk crystal we take into account the correct screening, using a screened 



Ψk-2015

592 Abstracts of  Poster Session 2 •  Tuesday, September 8,  2015

version of the OT-RSH approach, with which we successfully account for the gap 
renormalization due to electronic polarization effects. The results are compared with those 
of angle-resolved photoemission spectroscopy of multi-layers of quinacridone. We find the 
computed valence band spectrum in excellent agreement with experimental data and full-
frequency G0W0 results based on a hybrid functional starting point, which is shown to 
improve over a PBE-starting point. [Phys. Rev. B 90, 075204 (2014)]

S5 380

Simulation of Near-Edge X-Ray Absorption Fine-Structure 
(NEXAFS) using Density-Functional Theory: Comparison  
of Core-Level Constraining Approaches

* Georg S. Michelitsch1, Katharina Diller1, Reinhard J. Maurer1, Tom Bärwinkel1, 
Karsten Reuter1

1) Lehrstuhl für Theoretische Chemie, Technische Universität München, Germany 

NEXAFS allows to directly probe the electronic structure of a surface-adsorbate system by 
excitation of core electrons to unoccupied states. Ground-state density-functional theory 
(DFT) based approximations facilitate the evaluation of possible electronic transitions, but 
their approximate treatment of core-hole relaxation and electron-hole pair interaction needs 
to be carefully assessed. We present the application of numeric atomic basis functions as 
available in the all-electron DFT-package FHI-aims, and study the influence of the basis set 
size on the quality of the observed virtual orbitals in simulations involving both semi-local 
and exact exchange functionals. Our calculations encompass small organic building blocks 
such as benzene or porphine and are critically discussed in the context of the excitation 
strategy, comprising transition state (typically restraining the target orbital to an occupation 
of 0.5 electrons) as well as final state (by transfering a whole electron) approaches. Our 
results are compared against energies and associated intensities of experimentally obtained 
K-edge spectra for above mentioned molecules, thus permitting us to examine the suitability 
of the employed approximations.

S5 381

Size and Substitution Effects in Excited State Spectra of Small  
to Medium Sized Acenes for the Room Temperature Maser

* Stuart Bogatko1, Andrew Horsfield1, Peter Haynes1, Mark Oxborrow1

1) Department of Materials, Imperial College London, London, United Kingdom 

The maser (the microwave equivalent of the laser) has historically been restricted to niche 
applications that can accommodate the high vacuum and low temperatures needed for it to 
properly function. This recently changed following the discovery of a room temperature 
maser (RTM) which operates under ambient conditions.[1,2] Potential applications of the 
RTM are in the domains of microwave communication and microscopy where it could lead 
to significant improvements in high precision measurements such as for biological structure 
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determination and radio astronomy.[3] Following the initial development of the pentacene 
doped p-terphenyl prototype maser, attention has turned towards the search for materials 
that may function more efficiently. This work presents the results of a theoretical study being 
carried out with the aim of finding potential alternative materials for the RTM. We will describe 
the key elements that are essential for the maser’s function. The choice of density functional 
theory (DFT) and time dependent DFT (TDDFT) are discussed and validated by comparison 
with experimental data. In this study we focus on the linear polyacenes and their diaza-
substituted forms. Our goal is to model how important maser properties are influenced by 
acene length and location of nitrogen substitution.
[1] Oxborrow et al., Nature, 2012. 488(7411): p. 353-+.
[2] Breeze et al.,Nature Communications, 6, 2015, doi:10.1038/ncomms7215
[3] Blank, A., Nature, 2012. 488(7411): p. 285-286.

S5 382

DFT-based reference parameters for solid-state NMR  
on Li-ion batteries

* Simone Köcher2, Markus Schuderer2, Magnus Graf1, Josef Granwehr1,  
Rüdiger Eichel1, Karsten Reuter2, Christoph Scheurer2

1) IEK-9, Forschungszentrum Jülich 
2) Technische Universität München 

In-operando Nuclear Magnetic Resonance (NMR) spectroscopy is a powerful tool to gain a 
detailed understanding of the fundamental dynamical processes inside an operating battery 
cell [1]. Notwithstanding, the experimental spectra are complex and their unambiguous 
interpretation has to rely on independent first-principles based simulations, which require an 
accurate reference scale. We establish these NMR parameters for 6,7Li solid-state NMR 
through density-functional theory (DFT) calculations and explore the influence of geometry 
and computational method on the calculated chemical shieldings [2].

For studies of the ionic charge carrier mobility in lithium titanium oxide (Li4Ti5O12, LTO) by 
7Li spin-alignment echo (SAE) NMR [3], we provide first-principles reference values for 
chemical shielding and quadrupolar coupling. The simulations facilitate the correlation of the 
SAE data to Li hopping between specific crystallographic sites and provides additional 
insight in the Li mobility in LTO versus lithiated LTO.
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S5 383

Dynamic screening and charge transfer processes  
in the photoemission from an adsorbate on a metal cluster

* Natalia E. Koval1, Daniel Sanchez-Portal1, Andrei G. Borisov2, Ricardo Diez Muiño1

1) Donostia International Phusics Center, DIPC, and Centro de Fisica de Materiales, CFM, CSIC-
UPV/EHU, San Sebastian, Spain 

2) Institut des Sciences Moleculaires d’Orsay, ISMO, CNRS-Universite Paris-Sud UMR 8214, 
Orsay Cedex, France 

In this work we present a semi-classical study of the dynamic screening and the energy loss 
of an electron photoemitted from the core level of an atom adsorbed on the surface of a 
metal cluster. In our model the core hole and the moving electron are represented classically. 
The electron dynamics in metal cluster is studied using real-time TDDFT. Propagating the 
cluster wave functions in time under the perturbation of the external particles we calculate 
the force experienced by the photoemitted electron due to the interaction with the cluster. 
We show that the dynamic screening of the core hole, as well as the transfer of charge from 
the cluster to the adsorbate affects the movement of the photoemitted electron. In particular, 
we find that the electron is being accelerated by the screening cloud, in correspondence with 
the experimental observation of an upwards shift for the occupied levels of adsorbates.

S5 384

Efficient “on-the-fly” calculation of Raman spectra  
from ab-initio molecular dynamics:  
Application to hydrophobic/hydrophilic solutes in bulk water

* Pouya Partovi-Azar1, Thomas Kühne2

1) Department of Chemistry, University of Paderborn, Warburger Str. 100, D-33098 Paderborn, 
Germany. 

2) Department of Chemistry and Institute for Lightweight Design with Hybrid Systems, University of 
Paderborn, Warburger Str. 100, D-33098 Paderborn, Germany. 

We present a novel method that allows to efficiently calculate IR and in particular Raman 
spectra “on-the-fly” within AIMD simulations. To that extend we exploit the fact that MLWFs, 
which are at the core of this new approach, can be utilized to partition the charge distribution 
of the system into localized fragments. Therefore, the total isotropic polarizability can be 
calculated as a sum over the Wannier polarizabilities, which are assumed to be proportional 
to each Wannier function volume and in turn are determined by their spread. Together with 
an extension of the second-generation Car-Parrinello method to propagate $U(k)_{mn}(t)$ 
together with the nuclei, followed by a re-localization to obtain genuine MLWFs, a speed-up 
of one order of magnitude has been observed. Using this approach, we calculated IR and 
Raman spectra for cyclohexane and cyclohexanedodecol solutes in ambient bulk water. We 
found that the former hydrophobic solute give rise to a shoulder at around $\\sim$3650 
cm$^{−1}$, which is due to momentarily dangling O-H bonds. In any case, we conclude by 
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noting that this development facilitates to routinely calculate finite temperature spectra with 
only minimal extra computational cost.

S5 385

Theory of surface second-harmonic generation  
for semiconductors including effects of nonlocal operators

* Sean Anderson1, Nicolas Tancogne-Dejean2,3, Bernardo Mendoza1, Valérie Véniard2,3

1) Centro de Investigaciones en Óptica, León, Guanajuato, México 
2) Laboratoire des Solides Irradiés, École Polytechnique, CNRS, CEA/DSM, 91128 Palaiseau, 

France 
3) European Theoretical Spectroscopy Facility (ETSF), Palaiseau, France 

We formulate a theoretical approach of surface second-harmonic generation from 
semiconductor surfaces based on the length gauge and the electron density operator 
within the independent particle approximation. We calculate the nonlinear second-order 
surface susceptibility tensor including the scissors correction (needed to correct the 
energy band gap value), the contribution from the nonlocal part of the pseudopotentials 
(routinely used in ab initio band structure calculations), and the derivation for the inclusion 
of the cut function (used to extract the surface response). The first two contributions are 
described by spatially nonlocal quantum-mechanical operators and are fully taken into 
account in the present formulation. We evaluate the calculation on the clean Si(001)2x1 
reconstructed surface. The scissors correction shifts the spectrum to higher energies 
though the shifting is not rigid and mixes the omega and two-omega resonances and has 
a strong influence on the line shape. The effects of the nonlocal part of the pseudopotentials 
preserves the line shape but reduces its value by 15%–20%. The inclusion of these three 
contributions is very important and makes our scheme unprecedented and opens the 
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possibility to study surface second-harmonic generation with more versatility while 
providing more accurate results.

S5 386

Fingerprinting CO2 Electrochemical Reduction Pathways  
by Soft X-ray Spectroscopy: A First-principles Study  
on Ru Complex Catalyst

* Rocío Sánchez-de-Armas1, Barbara Brena1, Ivan Rivalta2, C. Moyses Araujo1

1) Materials Theory Division, Department of Physics and Astronomy,Uppsala University, P.O Box 
530, S75121, Uppsala, Sweden 

2) Ecole Normale Super Lyon, Chim Lab, F-69364 Lyon 07, France 

Solar fuel production through photoelectrochemical reduction of CO2 is a promising route to 
popularize the use of sunlight energy [1]. However, the underlying mechanisms of these 
complex reactions are not yet fully resolved, hindering the rational design of novel 
photoelectrocatalysts. We have used DFT to calculate the X-ray photoelectron spectroscopy 
(XPS) properties and the near edge X-ray absorption fine structure (NEXAFS) of several 
molecular systems with the aim of fingerprinting possible reaction pathways for the CO2 
reduction process catalyzed by [Ru(bpy)2(CO)2]

2+, motivated by the successful experiments 
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by Sato et al. [2] First, it was found that both XPS and NEXAFS display specific features that 
correlate with the complex charge state and the coordination number of Ru. Furthermore, 
through the analysis of XPS and NEXAFS spectra of key intermediates, we have identified 
clear fingerprints for metal-hydride and Ru-CO2 chemical bonding formation, two alternative 
pathways for CO2 reduction. These results indicate that the understanding of the 
electrochemical properties of the electrocatalyst and the reaction pathways could be 
significantly advanced through operando X-ray spectroscopy experiments based on 
synchrotron radiation. We expect that these findings will motivate future experimental 
initiatives.
[1] Berardi et al. Chem. Soc. Rev. 43 (2014) 7501
[2] Sato et al. Angew. Chem. Int. Ed. 49 (2010) 5101

S5 387

Structural investigation of H-FER zeolite,  
by DFT-GIPAW and solid state 27Al NMR

* Riza Dervisoglu1, Mark Koenis1, Herma M. Cuppen1, Ernst R. H. van Eck1,  
Arno P. M. Kentgens1, Gilles A. de Wijs1

1) Radboud University, Nijmegen, The Netherlands 

Ferrirerite (FER) is a natural Zeolite with a Silicate framework of xMg2+yNa+zH+[Si0.861Al0.139O2]36 
· wH2O with exchangable Mg, Ca, Na, K, Li and H cations. It has been shown that Ferrierite 
is a good catalyst for multiple reactions. The chemical activity of the ferrieirte depends on 
the Brønsted acid sites, therefore to the local environment of the framework cations, Al3+. 
The Xray diffraction study by Alberti and Sabelli [Zeitschrift für Kristallographie, 178:249–
256, 1987] suggests a ferrierite structure with multiple unknown local Al3+ environments 
and partial occupancies for exchangable cations and structural water in the system, in the 
Pnnm space group. Here we are examining the local environment of Al cations by solid 
state 27Al NMR and DFT-GIPAW [C. Pickard and F. Mauri, Phys. Rev. B, 63(24), May 2001] 
methods. The 27Al NMR indicates 5 chemically distinct environments for the Al cations. 
However the existing Alberti & Sabelli structure does not answer these chemical 
environments precisely, therefore we applied a combined Force Field and DFT based 
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study in order to find the positions of the 5 Al chemical environments. The lowest energy 
configuraton is shown in Figure 1.

S5 388

Low Energy Neutron Spectroscopy of Organic Ferroelectric 
Croconic Acid From Neutron Scattering and First-principles 
Density Functional Theory

* Sanghamitra Mukhopadhyay1, Matthias Gutmann1, Keith Refson 1,  
Felix Fernandez-Alonso1

1) 1ISIS Pulsed Neutron and Muon Source, Rutherford Appleton Laboratory, Chilton, Didcot, 
Oxfordshire OX11 0QX, United Kingdom. 

Ferroelectricity in organic materials attracts much interest because of its potential in 
technological applications. Traditional organic ferroelectrics relying on charge transfer 
between chemically distinct donor-acceptor pairs, however, recently discovered single 
component organic ferroelectric, croconic acid, has displayed outstanding response. The 
atomistic origin of ferroelectricity in such materials still remains unclear. Here we present 
atomistic modelling of neutron spectroscopies of croconic acid to understand mechanisms 
underpinning organic ferroelectricity in single-component materials.

We investigated structure and spectroscopies of croconic acid using norm-conserving 
pseudopotentials and dispersion-corrected Perdew-Burke-Ernerhof generalised gradient 
approximation (PBE-GGA + D) in DFT as implemented in CASTEP code. The linear response 
theory is used to simulate inelastic neutron spectrum (INS). Experimental INS also have 
been performed at ISIS-UK facility.



Ψk-2015

 Abstracts of  Poster Session 2 •  Tuesday, September 8,  2015 599

Two modes at 859 cm-1 and 923 cm-1, correspond to the out of plane motion of two distinct 
types of hydrogen bonds located at the hinge and the terrace positions of the pleated 
croconic acid structure softens with increase in temperatures. From the calculations of 
phonon dispersion at 100K and 300~K, softening of two modes, corresponding to the 
dissimilar dynamics of hydrogen bonds due to the long range sheer or rocking motions of 
molecular units are found responsible for its room temperature ferroelectricity.

S5 389

Natural linear dichroism in graphene

* Dominik Legut1

1) VSB - Technical University Ostrava, Czech Republic 

The reflection spectroscopy and in particular angular dependence of the x-ray natural linear 
dichroism (XNLD) were calculated on free standing monolayered graphene. The anisotropic 
XNLD was computed in the single electron picture within the framework of the DFT with and 
without the core-hole as well as with more advnaced many-body approach. The excitations 
stemming from carbon K-edge are considered. The spectral shape of the XNLD is compared 
with recorded data. The dependence of the reflection spectroscopy, here XNLD, based on 
the change of the electronic structure of bi-layer and tri-layered graphene is predicted and 
the effect of the sublayer of transition metal is considered.

S5 390

Temperature effects in core-level spectroscopy

* Weine Olovsson1

1) Department of Physics, Chemistry and Biology (IFM), Linköping University 

Core-level spectroscopies such as x-ray absorption near-edge structure (XANES) and x-ray 
photoelectron spectroscopy (XPS) are widely used, e.g. as fingerprint methods in order to 
characterize the structure of materials. While measurements and device working temperatures 
are typically at room temperature or above, the majority of computational schemes based on 
e.g. Density Functional Theory (DFT) assume an ideal crystal lattice at zero Kelvin. However, 
already at low temperatures the effect of zero point motion breaks perfect symmetry. In the 
case of optic spectra, it has been shown to be of vital importance [1]. In this work, we 
investigate the use of combining computationally efficient Molecular Dynamics simulations 
together with ab initio DFT supercell calculations utilizing the core-hole approximation in 
order to reproduce realistic XANES spectra, in e.g. halides, with comparison to the alternative 
approach of using many-body perturbation theory in the form of the Bethe-Salpeter equation 
(BSE). MD+DFT is also applied to investigate the temperature effect on the broadening of 
the spectral core-line in XPS of disordered metallic alloys.
[1] A. Marini, Phys. Rev. Lett. 101, 106405 (2008).
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S5 391

Orbital-density and frequency dependency in electronic-structure 
functionals from a Sham-Schluter perspective

* Andrea Ferretti1, Nicola Marzari2

1) Centro S3, CNR--Istituto Nanoscienze, 41125 Modena, Italy 
2) Theory and Simulations of Materials (THEOS), and National Centre for Computational Design 

and Discovery of Novel Materials (MARVEL), \’Ecole Polytechnique F\’ed\’erale de Lausanne, 
1015 Lausanne, Switzerland 

Energy functionals which depend explicitly on the orbital densities (ODD), instead of the total 
charge density, appear when applying self-interaction corrections to density-functional 
theory. In these cases (e.g. the Perdew-Zunger and the Koopmans [1] approaches) the total 
energy loses invariance under unitary rotations of the orbitals, and the minimization of the 
functionals leads to orbital-dependent Hamiltonians.

We show that it is possible to identify the orbital-dependency of densities and potentials 
with an effective and discretized frequency-dependency, in close analogy to the quasi-
particle approximation of frequency-dependent self-energies, naturally oriented to interpret 
electronic spectroscopies [2]. Some of the existing ODD functionals are analyzed from this 
new perspective. Numerical results for the electronic structure of gas-phase molecules 
(within the Koopmans-corrected class of functionals) are computed and found in excellent 
agreement with photoemission data [3,4].
[1] I. Dabo et al., Phys. Rev. B 82, 115121 (2010).
[2] A. Ferretti, I. Dabo, M. Cococcioni, N. Marzari, Phys. Rev. B 89, 195134 (2014).
[3] G. Borghi et al., Phys. Rev. B 90, 075135 (2014).
[4] N.L. Nguyen et al., Phys. Rev. Lett. 114, 166405 (2015).

S5 392

Electronic, optical, and excited-state properties of a metal-organic 
framework: A many-body perturbation theory study 

* Kristian Berland1, Sahar Sharifzadeh 2, Jeffrey B. Neaton 3

1) Dept. Physics, SMN, Univ. of Oslo 
2) Dept. of Electrical and Computer Engineering, Boston University 
3) Dept. of Physics, UC Berkeley 

Metal-organic frameworks (MOFs) are captivating porous crystalline structures with 
unprecedented surface area and structural and chemical tunability. As such, they have 
attracted much attention for applications related to gas storage. Electronic, excited-state, 
and optical properties of MOFs are less studied.

Using Mg-MOF-74 as a case study, we explored these properties using a combination of 
density functional theory (DFT) and many-body perturbation theory (MBPT) with the GW 
approximation and the Bethe-Salpeter equation (BSE).

We found that the near-gap electronic conduction states fall into two distinct categories: 
molecular-like and 1d-dispersive. Using BSE, we further predict a strongly anisotropic 
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absorption spectrum which can be linked to the nature of the strongly-bound excitons of 
MOF74. 

Our results are found to agree well with experimental absorption spectra.

S5 393

Koopamns compliant functionals and their performance  
against reference molecular data

* Giovanni Borghi2, Nicola Colonna1, Nicola Marzari1, Ngoc Linh Nguyen1,  
Andrea Ferretti2, Ismaila Dabo3

1) Theory and Simulation of Materials (THEOS), and National Center for Computational Design and 
Discovery of Novel Materials (MARVEL), Ecole Polytechnique Federale de Lausanne, 1015 
Lausanne, Switzerland 

2) Centro S3, CNR-Instituto Nanoscienze, I-41125 Modena, Italy 
3) The Pennsylvania State University, University Park, Pennsylvania 16802, USA 

In exact density-functional theory the total energy as a function of occupation is a piecewise-
linear sequence of straight lines connecting points with integer number of electrons [1].

However, commonly used approximate density functionals produce total energies that do 
not exhibit this piecewise-linear behavior. Deviations from this exact condition lead to a 
discrepancy between total and partial electron removal energies and ultimately to poor 
predictive capabilities of spectroscopic quantities.
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Koopmans-compliant functionals [2,3] aim at providing accurate estimates of quasiparticle 
excitations, imposing the constraint of piecewise linearity not only to the total energy 
functional but also to the filling or emptying of any individual orbital.

When used to purify approximate density functionals, Koopmans\’ corrections lead to 
orbital-density dependent functionals and potentials that can deliver accurate spectroscopic 
properties [4]. The approach has been benchmarked on the standard G2-1 set of small 
molecules [3], as well as on transition-metal complexes.

The results are comparable with those of many-body perturbation theory techniques at a 
fraction of the computational cost.
[1] J. P. Perdew et al.Phys. Rev. Lett.49, 1691 (1982)
[2] I. Dabo et al. Phys. Rev. B82, 115121 (2010)
[3] G. Borghi et al. Phys. Rev. B 90, 075135 (2014)
[4] N.L. Nguyen et al. Phys. Rev. Lett. 114, 166405 (2015)

S5 394

Resonances from density-functional theory with complex scaling

* Ask Hjorth Larsen1, Umberto De Giovannini1, Angel Rubio1

1) Nano-bio Spectroscopy Group, University of the Basque Country 

Density-functional theory (DFT) is useful for the calculation of ground-state properties of 
quantum mechanical systems. Many properties of excited states can be accessed practically 
using time-dependent DFT. However, metastable states associated with scattering 
resonances can be understood from time-independent methods, e.g., as poles of the 
scattering matrix. These are excited states with a finite width or lifetime describing for 
example the escape of an electron temporarily caught by an atom. The energies and lifetimes 
of resonances in general can be calculated by the method of complex scaling, which relies 
on a complex coordinate transformation of the Hamiltonian. We discuss a method which 
combines Kohn-Sham DFT with complex scaling with the purpose of efficiently calculating 
resonant states of many-electron systems, and show calculated lifetimes of small molecules.

S5 395

Nonequilibrium Green’s function approach  
for plasmon-assisted photoemission

* Yaroslav Pavlyukh1, Michael Schüler1, Jamal Berakdar1

1) Martin-Luther University Halle-Wittenberg 

A unified theoretical treatment of the single and double electron emission is achieved by 
using the Feshbach projection method [1]. In this formalism the final target’s state fixes the 
projection operator which subsequently determines the effective Hamiltonian and the optical 
potential for emitted electrons. The method of non-equilibrium Green’s functions is a 
complementary approach which also allows to treat such processes diagrammatically. We 
explicitly establish a correspondence between these two approaches and illustrate the 
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diagrammatic technique by calculations of the two-electron emission from C60 assisted by 
the excitation of plasmons. 
[1] Y. Pavlyukh, M. Schüler, J. Berakdar, Phys. Rev. B 91, 155116 (2015)

S5 396

Fingerprints of spin and orbital physics in resonant ARPES

* Fabiana Da Pieve1

1) LSI, UMR 7642, CNRS-CEA/DSM, Ecole Polytechnique, F-91128 Palaiseau, France and 
European Theoretical Spectroscopy Facility (ETSF) 

Spin and orbital degrees of freedom play a major role in the physics of many challenging 
magnetic and macroscopically non magnetic systems. The quest for the determination of 
spin textures and local orbital symmetries in such systems has lead, in the recent years, to 
an intense use of both spin resolved angle resolved photoemission (ARPES) and resonant 
inelastic X-ray scattering (RIXS). However, although for certain geometries such 
spectroscopies can provide information on the orbital momentum character of electronic 
states, the sensitivity to spatial localization is limited due to the linear dependence of the 
dipole operator to the space coordinate r. Here I will show that pushing ARPES to match 
core resonances (resonant photoemission) is a promising tool for performing an atomic-
scale spin and orbital tomography of the ground state of a system and for accessing important 
features of coupled spin-orbital degrees of freedom. By analyzing both spin resolved energy 
spectra and diffraction patterns for a relatively simple ferromagnet, obtained from a modified 
one-step theory of photoemission, fingerprints of spin flip excitations, spin flip entangled with 
dd-excitations and chiral orbital excitations can be clearly identified and their occurrence can 
be linked to the local orbital symmetries and orientation of the local magnetic moment. 
Similarities to RIXS results on cuprates will also be underlined.
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S5 397

Many-Body approach to exciton dispersion

* Giorgia Fugallo1, Matteo Gatti1, Simo Huotari2, Francesco Sottile1

1) European Theoretical Spectroscopy Facility, Laboratoire des Solides Irradiés, École 
Polytechnique, 91128 Palaiseau cedex, France 

2) Department of Physics, P.O. Box 64, University of Helsinki, FI-00014 Helsinki, Finland 

The Bethe-Salpeter equation is the state-of-art approach to calculate the absorption spectra 
of a large variety of materials. I will present here a recent extension [1,2] that is able to 
describe the dispersion of localized and delocalized excitons on equal footing and represents 
a key step for the ab initio study of the exciton mobility. I will show the great analysis power, 
able to investigate the role of the different electron-hole interactions that determine the 
exciton band structure and the peculiar “exciton revival” at large momentum transfer. I will 
focus here on prototypical layered materials such as hBN and MoS2 [3,4].

The theoretical predictions made for these two materials have been recently confirmed by 
non resonant Inelastic X-ray scattering experiments that we managed to carry on this year 
at the European Synchrotron Facility of Grenoble [5].
[1] M. Gatti and F. Sottile, Phys. Rev. B 88, 155113 (2013)
[2] F. Sottile et al. The EXC code (GPL) http://www.bethe-salpeter.org/
[3] B. Arnaud et al, Phys. Rev. Lett 96, 026402 (2006);
[4] A. Splendiani et al, Nano Lett. 10, 1271 (2010).
[5] G. Fugallo, M. Gatti, S. Huotari, F. Sottile, to be submitted (2015).

S5 398

Study of attosecond electron dynamics in molecules induced  
by ultra-short pulses using TD-DFT

* Micael Oliveira1, Gabriele D’Avino1, Benoit Mignolet2, Tomasz Kus2,  
Theodoros Papadopoulos3, F. Remacle2, Matthieu Verstraete1

1) Department of Physics, University of Liege, B5a, B-4000, Liege, Belgium 
2) Department of Chemistry, University of Liege, B6c, B-4000, Liege, Belgium 
3) epartment of Natural Sciences, University of Chester, Thornton Science Park, CH2 4NU, Chester, U.K. 

The advent of attosecond optical pulses, by allowing to control the breaking and rearrangement 
of chemical bonds, opens the door to many new applications, like novel catalysis mechanisms, 
photosensitive reactions, the preparation of states for quantum computing, etc. This control 
of the chemistry is made possible by the time scale of the attosecond pulses, which are 
effectively instantaneous with respect to the movement of the atomic nuclei, thus allowing 
the generation of a population of electronic states which is strongly out of equilibrium.

In this work we investigate the electron dynamics of several molecular systems under the 
influence of attosecond pulses using the real-time formulation of time-dependent density 
functional theory (TD-DFT). We show a comparison of the performance of several exchange-
correlation functionals by comparing TD-DFT calculations with equation of motion CCSD 
and CAS-SCF quantum chemistry methods, as well as applications of the method to the 
simulation of time-resolved spectroscopy.
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S5 399

Oxidation of ancient paper: a non-destructive spectroscopic 
methodology for cultural heritage preservation

* Adriano Mosca Conte1,2, Olivia Pulci1,2, Joanna Lojewska3, Jacek Bagniuk3, Ihor 
Kupchak4, Claudia Violante1, Lorenzo Teodonio1, Mauro Missori2

1) ETSF, MIFP, Dipartimento di Fisica, University of Rome Tor Vergata, Via della Ricerca Scientifica 
1, I-00133 Rome, Italy 

2) Istituto dei Sistemi Complessi, Consiglio Nazionale delle Ricerche, UOS Sapienza, P.le A. Moro 
2, Roma I-00185, Italy 

3) Faculty of Chemistry, Jagiellonian University, Ingardena 3, 30-060 Krakow, Poland 
4) MIFP, V. Lashkarev Institute of Semiconductor Physics of National Academy of Sciences of 

Ukraine, pr. Nauki 45, 03680, Kiev, Ukraine 

Some of the most important masterpieces of our culture, knowledge and art are stored on 
paper. The conservation of this fragile material is a challenge involving both communities of 
cultural heritage and material sciences. To this goal an innovative diagnostic method [1,2] 
based on non-destructive optical spectroscopic techniques combined with computational 
simulations based on TDDFT ab-initio theoretical condensed matter methods has been set 
up and applied to unvaluable peaces of art, such as the famous Leonardo Da Vinci\’s self-
portrait [3]. In this presentation, I will show how this method has been used in order to 
deepen our knowledge on oxidation processes occurring in aged paper and causing visual 
and structural damage to historical documents.
[1] A. Mosca Conte, O. Pulci, A. Knapik, J. Bagniuk, R. Del Sole, J. Lojewska, and M. Missori, Phys. 

Rev. Lett., 108, 158301 (2012).
[2] M. Missori, O. Pulci, L. Teodonio, C. Violante, I. Kupchak, J. Bagniuk, J. Lojewska, and A. Mosca 

Conte, Phys. Rev. B, 89, 054201 (2014).
[3] A. Mosca Conte, O. Pulci, M. C. Misiti, J. Lojewska, L. Teodonio, C. Violante, and M. Missori, Appl. 

Phys. Lett., 104, 224101 (2014).
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S5 400

Influence of the “second gap” on the optical absorption  
of transparent conducting oxides

* Anh Ha1, David Waroquiers1, Gian-Marco Rignanese1, Geoffroy Hautier1

1) Institut de la mati`ere condens ́ee et des nanosciences (IMCN), European Theoretical 
Spectroscopy Facility (ETSF), Universit ́e Catholique de Louvain, Chemin ́etoiles 8, bte 
L7.03.01, Louvain-la-Neuve 1348, Belgium 

Transparent conducting oxides (TCOs) have attracted considerable interest because of their 
important role in different technologies such as thin-film solar cells, flat-panel display and 
organic light-emitting diodes. These materials are highly doped (n or p-type) oxides that 
satisfy many design criteria such as wide bandgap (> 3 eV), high concentration of very 
mobile carriers (leading to high conductivity) and transparency to visible light. In such (doped) 
systems, optical transitions from the conduction band to higher energy bands in n-type or 
from low energy bands to the valence bands in p-type might occur and limit the transparency. 
A high energy for any of these transitions appearing during doping, sometimes referred as a 
high “second gap”, is therefore often considered as an additional design criteria for high 
performance TCOs. Here, we study the influence of this second gap using ab initio 
computations and the random phase approximation for several well known p-type and n-type 
TCOs. Our work highlights the limitations imposed by this second gap effect and shines light 
on more accurate design criteria for high performance TCOs.

S5 401

Mapping atomic orbitals with the transmission electron 
microscope: Images of defective graphene predicted  
from first-principles

* Lorenzo Pardini1,2, Stefan Löffler3,4,5, Giulio Biddau1, Ralf Hambach6, Ute Kaiser6, 
Peter Schattschneider3,4, Claudia Draxl1,2,7

1) Physics Department and IRIS Adlershof, Berlin, Germany 
2) Fritz Haber Institute of the Max Planck Society, Theory Department, Berlin, Germany 
3) Institute of Solid State Physics, Vienna University of Technology, Austria 
4) University Service Centre for Transmission Electron Microscopy, Vienna University of 

Technology, Austria 
5) Department for Materials Science and Engineering, McMaster University, Hamilton, Canada 
6) Central Facility for Electron Microscopy, University of Ulm, Germany 
7) European Theoretical Spectroscopy Facility (ETSF) 

The possibility of mapping atomic orbitals by using EFTEM has been considered for a long 
time and was recently demonstrated from a theoretical point of view within the density matrix 
formalism. In this work, we explore the capabilities of this method by combining it with first 
principles data. The mixed dynamic form factor is calculated as a basis for extracting EFTEM 
images. Within the dipole approximation, the transition matrix elements reflect the azimuthal 
shape of the final single-particle states. We suggest graphene as the prototypical two-
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dimensional material to probe single transitions to specific orbitals. We break the ideal sp2-
hybridization by introducing two different kinds of defects, namely an isolated vacancy and 
a substitutional nitrogen atom. Compared to the pristine lattice, the degeneracy of the 
p-states is lifted, inducing strong modifications to the electronic properties. We show that 
three different kinds of images are to be expected, depending on the orbital character. To 
judge the feasibility of visualizing orbitals in a real microscope, the effect of the optics\\\’ 
aberrations is simulated. We demonstrate that, by making use of energy-filtering, it should 
be possible to map atomic orbitals in a state-of-the-art transmission electron microscope.

S5 402

Ab initio calculation of the electronic stopping power

* Abdullah Shukri1, Fabien Bruneval1, Lucia Reining2

1) CEA, DEN, SRMP, F-91191 Gif-sur-Yvette, France 
2) European Theoretical Spectroscopy Facility (ETSF), Laboratoire des Solides Irradiés, UMR 

7642, CNRS-CEA/DSM, École Polytechnique, F-91128 Palaiseau, France 

The average energy loss of a swift ion per unit path length when it is moving through the 
matter is named the stopping power. This quantity is highly relevant for many industrial 
applications, such as ion irradiation, ion implantation, or radiotherapy. The linear response 
dielectric formalism has been widely used to evaluate the electronic stopping power (ESP) 
30 years ago [1]. However the previous calculations had a limited accuracy, mainly because 
of the computational capabilities at that period.

We have implemented the calculation of the ESP in the open source ab initio code ABINIT 
[2] and we have been able to produce the first fully converged ab initio ESP calculations. 
With our coding, we have addressed several open questions for the practical evaluation of 
the ESP: To what extent is the homogeneous electron gas model (Lindhard formalism [3]) 
relevant to real materials? Is the empirical additivity rule valid? What is the anisotropy of the 
ESP in anisotropic materials? What is the effect of chemical bonding?
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We have tested all these questions with highly converged results for bulk aluminum, 
silicon, silicon carbide (zinc blende or wurtzite), diamond, and graphite.
[1] O. H. Crawford et al., Phys. Rev. A, 28, 1260 (1983)
[2] http://www.abinit.org 
[3] J. Lindhard et al., Mat. Fys. Medd. 28, 8 (1954)

S5 403

Theoretical K-edge spectroscopy of B- and N-doped graphene

* Trevor Hardcastle1, Che Seabourne1, Demie Kepaptsoglou2, Quentin Ramasse2,  
Rik Brydson1, Andrew Scott1

1) University of Leeds 
2) SuperSTEM Laboratory 

For graphene to form the basis of future nanoelectronics, its band structure needs to be 
modified to produce p-type and n-type materials, probably using dopants. B and N are 
obvious candidates due to their locations in the periodic table. One powerful tool for probing 
electronic states in doped graphene (and indeed many other nanomaterials) is electron 
energy loss (EEL) spectroscopy. Our group has recently obtained atomically-resolved 
K-edge core-loss EEL spectra for individual B and N dopants in graphene for the first time 
using aberration-corrected scanning transmission electron microscopy (STEM). To shed 
some light on the electronic states being probed during these experiments, theoretical 
density functional theory (DFT) calculations were performed in order to attribute particular 
features of the spectra to particular electronic states. The calculations reveal that the 
agreement of the theoretical spectra with experiment depends critically on whether a core-
hole (the empty quantum state left behind by the scattered core-electron) is included in the 
calculation. The insight gained by visualising and comparing the theoretical charge densities 
in the core-hole and ground-state scenarios will then be used to build a very intuitive and 
simple physical understanding of the states being probed experimentally.
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S5 404

Scattering resonances in electron diffraction from surfaces:  
APW-based ab initio theory

* Eugene Krasovskii1,2,3

1) University of the Basque Country, 20018 San Sebastian/Donostia, Spain 
2) Donostia International Physics Center (DIPC), 20018 San Sebastian/Donostia, Spain 
3) IKERBASQUE, Basque Foundation for Science, 48013 Bilbao, Spain 

Scattering of low-energy electrons by surfaces and thin films is considered within a Bloch-
waves based ab initio theory [1]. Reflection resonances are interpreted in terms of the 
complex band structure (CBS) of the substrate and scattering properties of the overlayer. 
Scattering wave functions are analyzed for clean surfaces, thin oxide overlayers [2], and for 
graphene [3]. For overlayers, the same critical point in the substrate CBS may lead to a dip 
or a peak in transmission T(E) depending on the overlayer [2]. The electronic structure of a 
graphene monolayer above the vacuum level is discussed in the context of discrete states 
immersed in 3D continuum. An exactly solvable model [3] predicts scattering resonances 
originating from the coupling of the in-plane and perpendicular electron motions, which may 
turn into bound states at high-symmetry k|| vectors. Ab initio scattering theory [1] confirms 
the existence of the resonances in realistic graphene and shows that they lead to a total 
reflection below and total transmission above the resonance, see figure.
[1] E. E. Krasovskii, Phys. Rev. B 70, 245322, (2004).
[2] E. E. Krasovskii et al., J. Phys.: CM 27, 035501, (2015).
[3] V. U. Nazarov et al., Phys. Rev. B 87, 041405, (2013).
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S5 405

Dynamic polarizabilites and absorption spectra  
of carbon nanomaterials

* swajit Santra1, Mikhail Shneider2, Roberto Car1

1) Department of Chemistry, Princeton University, Princeton, New Jersey 08544, USA 
2) Mechanical and Aerospace Engineering Department, Princeton University, Princeton,  

NJ 08544 USA 

Understanding of the nucleation and growth mechanisms of nanomaterials in arch plasma 
synthesis is in its infancy. Coherent Rayleigh-Brillouin scattering (CRBS) can potentially 
probe the shape and size of the nanoparticles in-situ during the early stage of the nanomaterial 
growth. Since CRBS probe is essentially dependent on the polarizability of the material [1], 
theoretical spectroscopy can complement such experiments. Here, we have used time-
dependent density functional perturbation theory (TDDFPT) to compute the frequency 
dependent polarizability and absorption spectra of nanomaterials of different shapes and 
sizes in a wide range of frequency from static electric field to untraviolet including the relevant 
frequencies for the CRBS. Comparisons made from spherical objects like C60 and non-
spherical objects like carbon nanotubes provide estimate of the anisotropy in polarizability 
and absorption spectra of these nanostructures. We find a 4–5 times enhancement in the 
static and dynamic (ω=3 eV) polarizabilty in the longitudinal direction of carbon nanotubes 
in comparison to C60, which will help in detection of nanoscale objects in plasma synthesis 
via CRBS as well as in a wide range of applications.
[1] Shneider and Gimelshein, Appl. Phys. Lett. 102, 173109 (2013). 
Supported by the grant through U.S. Department of Energy contract DE-AC02-09CH11466.

S5 406

A route to the excitation spectra and spin physics  
of defects from first principles

* Michel Bockstedte1,2,3, Felix Schütz2, Thomas Garratt2, Ivady Victor4, Adam Gali5,6

1) Paris-Lodron-Universität Salzburg 
2) Universität Erlangen-Nürnberg 
3) European Theoretical Spectroscopy Facility 
4) Linköping University 
5) Wigner Research Center of Physcs, Hungarian Academy of Science 
6) Budapest University of Technology and Economics 

Color centers in semiconductors possessing a total electron spin may store quantum 
information and thus pave way for solid state quantum computing. The nitrogen-vacancy 
center in diamond [1] as well as the di-vacancy [2] and the silicon vacancy [3] in SiC are 
promising candidates in this respect. Optical excitation of the high-spin groundstate and 
subsequent spin-selective recombination via intermediate low-spin states together with 
spin-dependent luminescence provides all-optical control of the defect spins.



Ψk-2015

 Abstracts of  Poster Session 2 •  Tuesday, September 8,  2015 611

Although the photo physics of several systems, including defects [4], was successfully 
addressed within GW and BSE, direct access to low-spin excited states is missing. Here we 
propose an ab initio CI-hamiltonian with a basis of Kohn-Sham orbitals and a screened 
coulomb interaction.

With this approach we analyze the negative NV-center in diamond as well as the di-
vacancy and the negatively charged silicon vacancy in SiC. The importance of screening for 
low-spin multiplets is demonstrated. 
[1] G. Balasubramanian et. al., Nat. Mater. 8, 383 (2009).
[2] W. F. Koehl et al., Nature 479, 84 (2011)
[3] V. A. Soltamov et al., PRL 108 226402 (2012).
[4] M. Bockstedte et al., PRL 105, 026401 (2010).

S5 407

Simulating X-ray spectroscopy of large organic adsorbates with 
DFT: possible pitfalls on the example  
of free-base porphine on Ag(111) and Cu(111)

* Katharina Diller1, Reinhard J. Maurer1, Moritz Müller1, Karsten Reuter1

1) Chair for Theoretical Chemistry, Technische Universität München, Germany 

Near-edge X-ray Absorption Fine-Structure (NEXAFS) spectroscopy and X-ray Photoelectron 
Spectroscopy (XPS) are widely used in surface science for the characterization of adsorbate-
substrate systems. Especially for large organic molecules, however, the spectral features 
consist of a set of overlapping peaks and cannot be disentangled easily. For many systems 
an independent first principles simulation of the respective spectra is therefore indispensable 
for the analysis of the experimental data. Hereby the calculations are often restricted to gas-
phase molecules and interpretation of spectral signatures is done in terms of molecular 
orbitals. Using the adsorption of free-base porphine on Ag(111) and Cu(111) as example we 
show that this approximation is problematic already at substrates as inert as Cu(111). By 
explicitly accounting for the underlying substrate using density-functional theory in a 
pseudopotential-based implementation (CASTEP) it becomes evident that strong adsorbate-
substrate interaction modifies adsorbate states beyond the point where spectral signatures 
can be directly assigned to them, implying the need for different approaches to spectral 
interpretation in these cases.
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S5 408

Optical Signatures of Electron Localization  
in Amorphous Silicon Dioxide

* Al-Moatasem El-Sayed1, Katsumi Tanimura2, Alexander Shluger1

1) University College London 
2) The Institute of Scientific and Industrial Research (ISIR), Osaka University 

We use an embedded cluster method and time-dependent density functional theory (TD)-
DFT calculations to show that intrinsic electron traps in amorphous silica (a-SiO2), formed as 
a counterpart to self-trapped holes, have optical absorption bands which peak at 3.7, 4.7, 
and 6.4 eV. 

The electron trapping at intrinsic sites in amorphous a-SiO2 was predicted in 20 models, 
each containing 216 atoms and generated using a classical force-field. The electronic 
structure of the electron traps was then calculated using DFT and the non-local functional 
PBE0_TC_LRC using CP2K. The optical absorption spectra of the intrinsic electron traps 
were calculated using an embedded cluster method implemented in the GUESS code. A 
quantum cluster was embedded into an array of classical, polarisable ions ~ 50 nm in 
diameter and described using the BxLYP functional implemented in the Gaussian09 code. 
The calculated spectrum exhibits two types of electron transitions and is in good agreement 
with low-temperature experimental measurements and explains the previously unattributed 
bands in irradiated silica glass samples. These results confirm the predicted electron trapping 
in amorphous silica and are important for our understanding of the properties of other 
silicates and luminescence dating.
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S5 409

Raman spectra of binary sodo-silicate glasses  
from first principles calculations

* Dimitrios Kilymis1, Jean-Marc Delaye2, Simona Ispas1

3) Laboratoire Charles Coulomb (L2C), UMR 5221 CNRS-Univ. Montpellier, Montpellier, F-France. 
4) Service d’Études et Comportement des Matériaux de Conditionnement DEN/DTCD/SECM CEA 

Valrhô-Marcoule BP17171, 30207 Bagnols-sur-Cèze Cedex, France. 

Silicate glasses possess a central role in glass technology due to their multiple applications 
ranging from optical devices to the immobilization of nuclear waste. In this context, an 
accurate theoretical modeling of their spectra can be proven to be invaluable in order to 
optimize their performance and tailor their fabrication method to match requirements for 
future applications. 

In this work, we present results on simulated Raman spectra of binary sodo-silicate 
glasses [xNa2O- (1-x)SiO2], which have been prepared by combining classical and ab initio 
Molecular Dynamics. We focus on the effect of local structural units, such as SiO4 tetrahedra 
and their interconnection, alongside the role of sodium atom content in order to assign the 
corresponding bands. The obtained information is then used in order to help interpret the 
experimental spectra obtained for more complex sodium-borosilicate glasses. 

S5 410

Efficient exchange-correlation kernels  
in time-dependent density functional theory

* Santiago Rigamonti1,5, Silvana Botti2,3,5, Valerie Veniard4,5, Claudia Draxl1,5, Lucia 
Reining4,5, Francesco Sottile4,5

1) Humboldt-Universitaet zu Berlin, Institut fuer Physik and IRIS Adlershof, 12489, Berlin 
2) Institut Lumiere Matiere, UMR5306 Universite Lyon 1-CNRS, Univesite de Lyon, F-69622 

Villeurbanne Cedex, France 
3) Friedrich-Schiller Universitaet Jena, Institut fuer Festkoerpertheorie un -optik, Max-Wien-Platz 1 

07743 Jena 
4) Laboratoire des Solides Irradies, Ecole Polytechnique, CNRS, CEA-DSM, F-91128 Palaiseau, 

France 
5) European Theoretical Spectroscopy Facility 

A major obstacle for computing optical spectra of solids is the lack of reliable approximations 
for capturing excitonic effects within time-dependent density-functional theory (TDDFT). We 
address this issue by deriving a family of around 20 exchange-correlation kernels that are 
generated from an iterative scheme guided by previously available knowledge. As a 
benchmark, we calculate the optical spectra for a range of small (e.g. Si, diamond) to large 
(e.g. LiF, Ar) gap semiconductors. We show that selected members of this kernel family give 
significant improvements over previous approaches [1,2] in the description of exciton binding 
energies [3]. We demonstrate how one can \’\’read\’\’ exciton binding energies from spectra 
determined in the random phase approximation, without any further calculation. Nevertheless, 
the accurate prediction of strongly bound electron-hole pairs within TDDFT using simple 
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approximations is still a challenge. We analyze and explain the difficulties by deriving a set 
of analytical formulas.
[1] S. Botti, et al., Phys. Rev. B 69, 155112 (2004).
[2] S. Sharma, et al. Phys. Rev. Lett. 107, 186401 (2011).
[3] S. Rigamonti, et al. Phys. Rev. Lett. 114, 146402 (2015).

S5 411

Modelling Spin Fluctuations and Magnetic Excitations  
from Time-Dependent Density Functional Theory

* Tommaso Gorni1, Iurii Timrov1, Andrea Dal Corso1, Stefano Baroni1

1) SISSA --- Scuola Internazionale Superiore di Studi Avanzati, Trieste, Italy 

Harnessing spin fluctuations and magnetic excitations in materials is key in many fields of 
technology, spanning from memory devices to information transfer and processing, to name 
but a few [1]. From a fundamental point of view, a proper understanding of the interplay 
between collective and single-particle spin excitations is still lacking, and it is expected that 
accurate first-principle simulations based on Time-Dependent Density Functional Theory 
(TDDFT) may shed light on this interplay, as well as on the role of important effects such as 
the relativistic ones and the related magnetic anisotropies. All the numerical approaches 
proposed so far to tackle this problem are based on the computationally demanding solution 
of the Sternheimer’s equations [2] for the response orbitals or the even more demanding 
solution of coupled Dyson’s equations [3] for the spin and charge susceptibilities. The 
Liouville-Lanczos approach to TDDFT [4, 5, 6] has already proved to be a valuable alternative 
to these methods, the most striking of its features being the avoidance of sums over the 
unoccupied single-particle states and the frequency-independence of the main numerical 
bottleneck. In this work we present an extension of this methodology to magnetic systems 
and its implementation in the Quantum ESPRESSO suite of computer codes [7]. A few 
preliminary results on the magnon dispersions in bulk ferromagnetic Fe will also be presented.
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S5 412

Phonons in Molecular Crystals and Their Coupling  
to Collective Electronic Fluctuations

* Johannes Hoja1, Alexandre Tkatchenko1

1) Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, 14195 Berlin, Germany 

By now, it is well established that dispersive van der Waals (vdW) interactions are crucial for 
the structure and stability of molecular crystals [1]. However, complete understanding of the 
functionality of molecular crystals also requires a predictive description of response properties 
like phonons. This subject is especially important since such low-frequency vibrations can 
be used to identify for instance drugs, explosives, and different polymorphic forms of 
molecular crystals. Recent results on the aspirin crystal [2] indicate the importance of many-
body dispersion effects for vibrational properties. Here we study the vibrational spectra of 
model molecular crystals (benzene, durene, and hexamethylbenzene) with density functional 
theory, including pairwise (DFT+TS) and many-body dispersion interactions (DFT+MBD). 
We find that collective electronic fluctuations described by the MBD method can significantly 
influence the low-frequency phonons, and can also change the ordering of vibrational modes 
compared to the pairwise description. We further discuss the nature of the low-frequency 
phonons and demonstrate a non-trivial connection between collective vdW interactions and 
the entropy of molecular crystals. 
[1] L. Kronik and A. Tkatchenko, Acc. Chem. Res. 47, 3208-3216 (2014).
[2] A. M. Reilly and A. Tkatchenko, Phys. Rev. Lett. 113, 055701 (2014). 

S5 413

Electron energy loss anisotropies in max phases: Ti2AlC

* Marco Cazzaniga1,2,4, Giovanni Onida2,4, Hans-Christian Weissker3,4

1) Istituto di Scienze e Tecnologie Molecolari CNR, via Golgi 19, 20133 Milano, Italy 
2) Università degli Studi di Milano, Physics Department, via Celoria 16, 20133 Milano, Italy 
3) Aix Marseille University, CNRS, CINaM UMR 7325, 13288 Marseille, France 
4) European Theoretical Spectroscopy Facility (ETSF) 

The MAX phases are a class of ternary compounds that exhibit an unusual combination of 
ceramic and metallic properties. Their composition can be written Mn+1AXn where M stands 
for an early transition metal, A for an element of the group A like Al, S, Ge and X is C or N. 
They present an hexagonal crystallographic structure with an high anisotropy due to a c/a 
ratio exceeding 4.5. The unit cell is composed by alternating layers of carbide or nitride units 
and A-element layers. This specific structure is partly responsible for their unique properties.

In the present work we address Ti2AlC chosen as example of these compounds. We perform 
TDDFT-RPA and ALDA calculations of the electron energy loss function for finite momentum 
transfer. Our results show a very strong anisotropy in the spectra obtained for different crystal 
orientations and an important influence of crystal local-field effects in the c-axis direction, while 
they are negligible parallel to the base plane. In addition we discuss the origin of the structures 
present in the spectra and the presence of a negative plasmon dispersion.
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S5 414

Level Renormalization of Benzene Molecule  
Physisorbed on Graphene Sheet

* Subhayan Roychoudhury1, Carlo Motta1, Stefano Sanvito1

1) Trinity College Dublin 

Charge transfer across the interface of a molecule and a conducting substrate is fundamental 
in molecular electronics. Such charge transfer occurs at the frontier quasiparticle (QP) 
energy levels of the adsorbed molecule, which are proved to be different from those of the 
isolated molecule. However, these levels cannot be predicted directly by Kohn-Sham DFT. 
Here we have determined the QP energies of benzene physisorbed on graphene by 
calculating the charge-transfer energies of this system with the help of constrained DFT. We 
found that the QP gap, which for large separation converges to the gap of the isolated 
molecule decreases as ~(1/r) as it approaches the graphene sheet. However, for small 
distances, the gaps are always considerably larger than those for benzene on metals. We 
attribute this fact to the small dielectric constant of graphene. We also found that small 
structural defects (like Stone-Wales defect) on the sheet do not alter the QP energies. Finally, 
we have calculated the QP gap of benzene on graphene in the presence of other benzene 
molecule(s) in various configurations in its vicinity and found that the gap decreases very 
slightly from the previous values. This can be explained in terms of the field generated due 
to polarization of the nearby molecules.

S5 415

Ab-Initio Studies of X-Ray Absorption Spectra  
in Kesterite Materials

* Archana Manoharan1, Lorenzo Pardini1, Karsten Hannewald1, Claudia Draxl1

1) Humboldt-Universität zu Berlin, Institut für Physik und IRIS Adlershof, Zum Groβen Windkanal 6, 
12489 Berlin, Germany 

The kesterite Cu2ZnSnS4 (CZTS) is considered as good absorber material for solar-cell 
applications because it contains only non-toxic and inexpensive components. In the present 
work, we study the structural and electronic properties of CZTS using density-functional 
theory within the generalized gradient functional approximation (GGA-PBEsol). X-ray 
absorption spectra are obtained by solving the Bethe-Salpeter equation of many-body 
perturbation theory. The ab-initio calculations are carried out by the all-electron full-potential 
code exciting. We explore the sulfur K and L2,3 edges in CZTS as well as in its stable binary 
phase ZnS. A detailed analysis of the observed spectral signatures is performed by 
comparison with available experimental data. In particular, the effect of electron-core 
correlation is studied. The appearance of a bound exciton in the X-ray absorption of CZTS 
is attributed to the change in chemical environment compared to ZnS.
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S5 416

Electronic Structure and Core-Level Spectra of Light Actinide 
Dioxides in the Dynamical Mean-Field Theory

* Jindrich Kolorenc1, Alexander B. Shick1, Alexander I. Lichtenstein2

1) Institute of Physics, Academy of Sciences of the Czech Republic, Praha, Czech Republic 
2) Institute of Theoretical Physics, University of Hamburg, Hamburg, Germany 

A combination of the local-density approximation with the dynamical mean-field theory 
(LDA+DMFT) is applied to UO2, NpO2 and PuO2. The calculated valence-band electronic 
structure is in a very good agreement with optical absorption experiments as well as with 
photoelectron spectra. It is found that the hybridization of the actinide 5f shell with the 2p 
states of oxygen increases the filling of the 5f orbitals from the nominal ionic configurations 
with two, three and four electrons to nearly half-integer values 2.5, 3.4 and 4.4. The imprint 
of the enhanced 5f occupation on various core-level spectra is analyzed in the Anderson 
impurity model constructed during the LDA+DMFT calculations. That way, the hybridization 
of the 5f shell with the ligands, the crystal field, as well as the spin-orbital coupling are all 
determined from first principles. We investigate x-ray photoelectron and x-ray absorption 
spectra (XPS and XAS) together with resonant x-ray emission spectra (RXES) at the actinide 
L and M edges. The behavior of the actinide dioxides is compared to rare-earth dioxides, in 
particular to CeO2.
[1] J. Kolorenc, A. B. Shick, and A. I. Lichtenstein, arXiv:1504.07979

S5 417

Correlation effects in photoelectron spectroscopy  
by means of the one-electron Green’s function

* Matteo Guzzo1, Claudia Draxl1

1) Humboldt Universität zu Berlin 

The interpretation of experimental photoemission spectra is generally difficult because of 
many-body effects. While independent-electron approximations can deal with weakly 
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correlated systems, they can only describe a limited part of the spectrum, i.e. the band 
structure, which constitute the main excitations. More advanced methods such as GW 
provide improved excitation energies, but are usually not used to study excitation lifetimes 
and satellites. These many-body correlation effects, usually neglected, are the result of 
coupling to secondary excitations in the system, such as plasmons or phonons. We compute 
excitation spectra for a set of materials exploring plasmonic features. We analyze how 
methods such as GW deal with these complex effects and what alternative methods (e.g. 
the cumulant expansion) and improvements are possible.

S5 418

Ab initio local field effects for surface  
second harmonic generation

* Valérie Véniard1, Nicolas Tancogne-Dejean1, Christine Giorgetti1

1) Ecole Polytechnique, CNRS, CEA-DSM-IRAMIS, Université Paris-Saclay 

A comprehensive understanding of the nonlinear optical properties of solids is crucial to 
improve the design and the analysis of new optical devices and provides an opportunity to 
search for new materials. Among these processes, Second-Harmonic Generation (SHG) 
is probably one of the most studied and has become, through the years a very powerful 
non-invasive technique to characterize materials, because of its particular sensitivity to 
the symmetry of a system. In materials where inversion symmetry is present, optical 
Second-Harmonic Generation is forbidden within the dipole approximation. But at a surface 
or an interface between two such materials, the inversion symmetry is broken and SHG is 
allowed.

Crystal local fields are generated by the induced microscopic response of the system to 
an external perturbation. As a consequence their effects will be particularly important close 
to discontinuities as interfaces or surfaces. Local fields are important for a good description 
of optical properties of materials, but their effects on surface SHG have never been studied.

We present here a new ab initio formalism that allows us to calculate the frequency-
dependent surface second-order susceptibility within TDDFT, where the local field effects 
are fully included and we have applied this formalism to Silicon surfaces.

S5 419

Local Field Effects in the susceptibility of surfaces or thin films

* Christine Giorgetti1, Nicolas Tancogne-Dejean1, Valérie Véniard1

1) Ecole Polytechnique, CNRS, CEA-DSM-IRAMIS, Université Paris-Saclay 

Optical properties of surfaces require to calculate the susceptibility tensor. We use TDDFT 
in reciprocal space, due to its efficiency for periodic crystals. For surfaces or thin films, 
periodicity is lost in the perpendicular direction. To calculate the susceptibility of a surface in 
a periodic framework, one builds a supercell which alternates slabs of material and vacuum.
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A measurable quantity related to the susceptibility is the absorption spectrum. We show that 
the supercell method gives the correct absorption spectra for the in-plane directions, but fails 
for the perpendicular one, when the response to the external macroscopic potential accounts 
for inhomogeneities at the atomic scale (LFE). In this case, the method is equivalent to an 
effective medium theory for a slab of material and vacuum, and the absorption reaches, as 
expected, EELS, which is different from absorption.

We show that the problem comes from the use of a periodic system to describe a non-
periodic one when solving the Dyson equation relating the susceptibility and polarisability. 
We propose a new scheme called “selected G”, which allows the inclusion of LFE in the 
absorption spectrum of isolated thin film or surfaces. We illustrate this work on a slab with a 
clean Si(001)2x1 reconstruction.

S5 420 

Optical excitations from isolated molecules to organic crystals: 
Can we trust time-dependent density-functional theory?

* Caterina Cocchi1, Claudia Draxl1

1) Humboldt-Universitaet zu Berlin 

Many novel materials for optoelectronics include organic building blocks. In-depth 
understanding of their excitations requires a reliable methodology capturing all features of 
single molecules equally well as those of their condensed phases. Time-dependent density-
functional theory (TDDFT) often correctly reproduces excitation energies of isolated systems, 
even within the adiabatic local-density approximation. However, it is not fully clarified whether 
and why this methodology can be relied on, when the molecular size increases and/or 
intermolecular interactions become relevant. To answer these questions, we confront TDDFT 
with many-body perturbation theory (MBPT, GW and Bethe-Salpeter equation). We perform 
a thorough study of optical spectra of oligothiophenes as prototypical materials, analyzing 
excitations of isolated molecules with increasing length and going from a single ring to its 
crystalline phases. Supported by good agreement of our MBPT results with high-level 
quantum-chemistry calculations, we show that TDDFT, in standard implementations, cannot 
correctly capture electron-hole interaction and local-field effects, which crucially impact the 
character of optical excitations in molecular materials [1]. Calculations are performed with 
the all-electron code exciting [2].
[1] C. Cocchi and C. Draxl, submitted; arXiv:1502.07273.
[2] A. Gulans et al., J. Phys.: Condens. Matter 26, 363202 (2014).
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S5 421

Ab Initio Calculation of Nonlinear Optical Properties  
of Transition Metal Dichalcogenide Monolayers

* Chung-Yu Wang1, Guang-Yu Guo1

1) Department of Physics, National Taiwan University, Taipei 10617, Taiwan 

Due to the absence of interlayer coupling and inversion symmetry, transition metal 
dichalcogenide (MX2) semiconductor monolayers exhibit novel properties that are distinctly 
different from their bulk crystals such as direct optical band gaps, large band spin splittings, 
spin-valley coupling, piezoelectric and nonlinear optical responses, and thus have promising 
applications in, e.g., optoelectronic and spintronic devices. We recently have performed a 
systematic first-principles study of the second-order nonlinear optical properties of MX2 (M = 
Mo, W; X = S, Se) monolayers and trilayers within the density functional theory with the 
generalized gradient approximation plus scissors correction [1]. We find that all the four MX2 
monolayers possess large second-order optical susceptibility [chi(2)] in the optical frequency 
range and significant linear electro-optical coefficients in low frequency limit, thus indicating 
their potential applications in non-linear optical devices and electric optical switches. The 
chi(2) spectra of the MX2 trilayers are overall similar to the corresponding MX2 monolayers, 
albeit with the magnitude reduced by roughly a factor of 3. The prominent features in the 
chi(2) spectra of the MX2 multilayers are analyzed in terms of the underlying band structures 
and optical dielectric function, and also compared with available experiments.
[1] C.-Y. Wang and G.-Y. Guo, arXiv: 1409.0937v2 (2014). 

S5 422

Linear Scaling Density Functional Theory For The Investigation  
Of Defective Oxide Nanomaterials Using  
Electron Energy Loss Spectroscopy

* Edward Tait1, Laura Ratcliff2, Caterina Ducati3, Mike Payne1, Nicholas Hine4

1) Theory of Condensed Matter Group, Department of Physics, University of Cambridge, UK 
2) Leadership Computing Facility, Argonne National Laboratory, USA 
3) Electron Microscopy Group, Department of Materials Science and Metallurgy, University of 

Cambridge, UK 
4) Theory Group, Department of Physics, University of Warwick, UK 

Transition metal oxide (TMO) nano materials are of great importance in current technological 
applications, including photovoltaics, photocatalysis and optoelectronics. Key to many such 
applications is control and characterisation of the surfaces and defects in nanostructures, 
particularly the identification of defect species. One approach holding great promise in this 
regard is Electron Energy Loss spectroscopy, due to its near-atomic-level spatial resolution: 
however, experimental results can be challenging to interpret. To assist in defect identification 
we are developing methods to simulate EEL spectra using the ONETEP linear scaling DFT 
code. The recent implementation of Projector Augmented Wave methods in combination with 
the efficient local orbital framework provided by Nonorthogonal Generalised Wannier Functions 
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allows accurate matrix elements between core orbitals and conduction states. The large system 
sizes accessible with LS-DFT then enable the spectra of model structures for defects at surfaces 
and interfaces to be simulated: meaningful comparison to experimental spectra can only be 
made once such models are large enough for convergence with respect to supercell size.

S5 423

Atomistic Modeling of Optical Coefficients in Layered Materials

* Christian Vorwerk1, Caterina Cocchi1, Claudia Draxl1

1) Humboldt-Universitaet zu Berlin, Physics Department 

Nanostructures are often composed of anisotropic layered bulding blocks that strongly 
impact their optical properties. To theoretically capture all the features of such complex 
materials as measured with a given experimental setup, one needs to consider macroscopic 
optical coefficients, such as reflectance and absorbance. We do so by combining first-
principles calculations of the full complex dielectric tensor with the solution of the macroscopic 
Maxwell equations [1]. The 4x4-matrix approach [2] allows us to investigate effects of growth 
direction, incoming-light polarization, and different incidence angles on the spectra. The 
formalism is valid at all frequencies, and, therefore, can be applied to optical as well as to 
X-ray absorption spectra. We compute dielectric tensors with the all-electron full-potential 
code exciting [3], focusing on thiophene crystals and self-assembled monolayers of molecular 
switches as prototypical materials. For sextithiophene thin films, we are able to determine 
the influence of substrate-dependent growth orientations on the optical reflectance spectra, 
in good agreement with available experimental data.
[1] P. Puschnig and C. Ambrosch-Draxl, Adv. Eng. Mater. 8, 1151 (2006).
[2] P. Yeh, Surf. Sci. 96, 41 (1980).
[3] A. Gulans et al., J. Phys. Condens. Matter 26, 363202 (2014).

S5 424

Ab initio modeling of plasmons and excitons from  
time-dependent density-functional perturbation theory

Iurii Timrov1, Nathalie Vast2, Ralph Gebauer3, Stefano Baroni1

1) SISSA - Scuola Internazionale Superiore di Studi Avanzati, Trieste, Italy 
2) Laboratoire des Solides Irradies, Ecole Polytechnique, Palaiseau, France 
3) ICTP - The Abdus Salam International Centre for Theoretical Physics, Trieste, Italy 

Plasmons and excitons are collective excitations in materials involving oscillations of the 
electronic density and the creation of electron-hole pairs, respectively. We present a new 
method for a modeling of these quasiparticles, the Liouville-Lanczos approach to time-
dependent density functional perturbation theory (TDDFpT), which is based on the iterative 
solution of the TDDFpT equations and which avoids a calculation of any unoccupied states by 
using a Lanczos recursion technique and adopting a representation of the response orbitals 
borrowed from density-functional perturbation theory [1]. We have implemented our method 
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using GGA and hybrid functionals in the Quantum ESPRESSO package [2]. We have 
benchmarked the Liouville-Lanczos approach by computing plasmons in Si, Al, and Bi including 
spin-orbit coupling [3,4]. The hybrid functionals implementation allows us a straightforward 
extension of our methodology to a solution of the Bethe-Salpeter equation within many-body 
perturbation theory, which is demonstrated with a model application to excitons in LiF [5].
[1] S. Baroni et al., Rev. Mod. Phys. 73, 515 (2001).
[2] P. Giannozzi et al., J. Phys.: Condens. Matter 21, 395502 (2009). http://www.quantum-espresso.org/
[3] I. Timrov et al., Phys. Rev. B 88, 064301 (2013).
[4] I. Timrov, PhD thesis, http://pastel.archives-ouvertes.fr/pastel-00823758
[5] I. Timrov et al., in preparation.

S5 425

Siegert state expansions in the case of the 1D Square Well 
Potential

* Maxime Morinière1, Luigi Genovese1, Alessandro Cerioni1, Thierry Deutsch1

1) CEA Grenoble 

Resonant (or Siegert) states emerge as physically relevant metastable states of an open 
quantum system. So far, the intrinsic limitations related to the investigation of resonances in 
quantum Hamiltonians have restricted their usage, even though it is the correct way of 
treating the linear response properties of such systems. We illustrate this fact on the 1D 
problem of a compact support potential, and particularly the square well. Siegert states 
naturally show up as poles of the scattering matrix and we report analytic results regarding 
the completeness of a basis set made out of these states. It compares to the exact results 
found using the basis set made out of the continuum states when one of the test function is 
inside the region where the potential is non-zero. This is nothing but the so-called Mittag-
Leffler expansion. We show the utility of Siegert states in view of an exact and unbiased 
expression of the linear response properties of an open quantum system. We argue this is 
of uttermost importance for Many-Body Perturbation Theory, and particularly for TDDFT.

S5 426

Calculated phonons on gold surfaces from the top into the depth

* Andrei Postnikov1, Kamil Moldosanov2

1) University of Lorraine, LCP-A2MC, Metz, France 
2) Kyrgyz-Russian Slavic University, Bishkek, Kyrgyzstan 

Having recently confronted with the problem of propagation of acoustical modes at different 
depth in gold nanoparticles [1], we realized that the corresponding experimental information 
is scarce and does not allow to analyze the results resolved in depth. First-principle works 
on gold nano-objects are abundant, but they, to our knowledge, do not address this particular 
issue either. Keeping nanoparticles in mind but searching for clear-cut benchmarks of well-
defined structures, we undertook a study of (001), (011) and (111) gold surfaces, represented 
by sufficiently thick slabs to assure the convergence of properties with depth onto the bulk. 
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Frozen-phonon calculations have been done by the Siesta method [2]. The lateral size of 
slab supercells was taken sufficient to extract two-dimensional dispersion relations and 
hence to judge about the velocity of sound at different depth. Comparison with experimental 
results is done, and implications for absorption at radio frequencies are discussed. 
[1] A.Postnikov, K.Moldosanov. Phonon-assisted radiofrequency absorption by gold nanoparticles result-

ing in hyperthermia, to appear in the proceedings of FANEM 2015 workshop (http://www.fanem.org).
[2] Siesta method and program implementation, http://departments.icmab.es/leem/siesta/

S5 427

Optical absorption of complex molecular systems  
in solution from self-consistent continuum solvation  
and time-dependent density-functional perturbation theory

* Iurii Timrov1, Oliviero Andreussi2, Nicola Marzari3, Stefano Baroni1

1) SISSA - Scuola Internazionale Superiore di Studi Avanzati, Trieste, Italy 
2) Dipartimento di Chimica e Chimica Industriale, Universita di Pisa, Pisa, Italy 
3) Theory and Simulation of Materials (THEOS), Ecole Polytechnique Federale de Lausanne, 

Lausanne, Switzerland 

The optical properties of molecular systems crucially depend on the chemico-physical 
conditions of the solvent in which they are dissolved. Quantum-mechanical treatment of the 
solvent molecules on a par with the solvated one is extremely expensive [1], and hence there 
is a call for new methods that, while being substantially less expensive than explicit solvent 
models, maintain a comparable level of accuracy. We introduce a new method based on the 
Liouville approach to TDDFpT and the self-consistent continuum solvation (SCCS) model [2]. 
The former allows us to obtain the absorption spectrum over a wide frequency range, using a 
recently proposed Lanczos-based technique, or selected excitation energies, using the Casida 
equation, without having to ever compute any unoccupied molecular orbitals [3]. The SCCS 
model is conceptually similar to the polarizable continuum model (PCM) [4], i.e. the solvent is 
represented by a classical continuous medium (described by its experimental macroscopic 
dielectric constant) that is assumed to be homogeneous but for a void cavity hosting the 
solvated molecule [5]. The new method has been implemented in the turboTDDFT component 
of the Quantum ESPRESSO package [6]. Our method was benchmarked against PCM and 
explicit-solvent simulations for several anthocyanin molecules.
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S5 428

Many-body effects in quasiparticle interference  
on noble-metal surfaces

* Paolo Sessi 1, Ilya A. Nechaev2, Vyacheslav M. Silkin2,3,4, Thomas Bathon1,  
Lydia El-Kareh1, Evgueni V. Chulkov2,3,5, Pedro M. Echenique2,3,5, Matthias Bode1,6

1) Physikalisches Institut, Experimentelle Physik II, Universität Würzburg, Am Hubland, D-97074 
Würzburg, Germany 

2) Donostia International Physics Center (DIPC), Paseo de Manuel Lardizabal 4, 20018 San 
Sebastian/Donostia, Spain 

3) Departamento de Física de Materiales, Universidad del País Vasco, Apartado 1072, 20080 San 
Sebastián/Donostia, Spain 

4) IKERBASQUE, Basque Foundation for Science, 48011 Bilbao, Spain 
5) Centro de Física de Materiales CFM-Materials Physics Center MPC, Centro Mixto CSIC-UPV/

EHU, Paseo de Manuel Lardizabal 5, 20018 San Sebastián/Donostia, Spain 
6) Wilhelm Conrad Röntgen-Center for Complex Material Systems (RCCM), Universität Würzburg, 

Am Hubland, D-97074 Würzburg, Germany 

Recently, to take advantages offered by the quasiparticle interference (QPI) imaging, 
experimental and theoretical studies aimed at using such measurements with a subsequent 
Fourier transform (FT) to probe the electron self-energy have started to emerge [1-3]. It was 
shown that, in principle, the self-energy can be extracted by examining the peak attributed 
to quasiparticle excitations. However, the self-energy effects are generally not reduced to a 
quasiparticle picture, since the many-body spectral function can have other features with 
lower intensities. Here, by imaging the energy dependent standing-wave patterns at Cu, Ag, 
and Au (111) surfaces, we demonstrate that additionally to the surface-state quasiparticles 
the satellite caused by coupling with the acoustic surface plasmon [4] can also be detected. 
Within the proposed approach based on the GW formula for the self-energy, we describe 
how the plasmon-related peak appears in the FT-QPI. We believe that our findings expand 
further the capabilities of the FT-QPI imaging as an experimental technique to study many-
body effects in condensed matter physics.
[1] S. Grothe et al. Phys. Rev. Lett. 111, 246804 (2013).
[2] T. Dahm and D.J. Scalapino, New J. Phys. 16, 023003 (2014)
[3] M. P. Allan et al. Nat. Phys. 11, 177 (2015).
[4] V.M. Silkin et al. Europhys. Lett. 66, 260 (2004).
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S5 429

Microscopic characterization of calcium  
fluoride / water interfaces by VSFG simulations

* Rémi Khatib1, Maria-Jose Perez-Haro2, Marie-Pierre Gaigeot3, Ellen H. B. Backus2, 
Marialore Sulpizi1

1) Institute of Physics, Johannes Gutenberg University Mainz (Germany) 
2) Max Planck Institute for Polymer Research (MPI-P, Mainz, Germany) 
3) LAMBE UMR-CNRS 8587, Université d’Evry val d’Essonne 

Confined water at nanoscale shows properties which are remarkably different from bulk. 
Vibrational Sum Frequency Generation Spectroscopy (VSFG) has contributed to a large 
extent to draw the attention on the new physical and chemical properties at interfaces, 
thanks to its ability to selectively probe non-centrosymmetric systems. However, the 
microscopic characterization of the VSFG spectra remains hard even with the development 
of some improvements like Phase-Sensitive VSFG. Molecular dynamics simulations can 
play a key role to provide a molecular interpretation of the spectra. In particular DFT-based 
simulations which do not require a priori parametrization, are particularly suitable to address 
the heterogeneous environment at interfaces. The drawback is certainly the computational 
cost associated to the calculation of the VSFG response functions. We present here an 
approach which uses interface selective Vibrational Density Of States and permits to 
considerably reduce the computational costs.

This methodology is applied to the calcium fluoride/ water interfaces at different pH and 
allows us a direct interpretation of the experiments. At high pH, a “free OH” peak is attributed 
to a F-/ OH- substitution on the CaF2 surface, while at low pH a strong ordering of water 
molecule is explained through the dissolution at the CaF2 surface.

S5 430

Fully self-consistent calculations of the Doppler spectra  
of electron-positron annihilation radiation:  
contribution to identification of defects in SiC

* Julia Wiktor1, Gérald Jomard1, Marc Torrent2, Marie-France Barthe3,  
Marjorie Bertolus1

1) CEA, DEN, DEC, Centre de Cadarache, 13108 Saint-Paul-lez-Durance, France 
2) CEA, DAM, DIF, F-91297, Arpajon, France 
3) CNRS/CEMHTI, CNRS UPR 3079/CEMHTI, 45071 Orléans, France

Positron annihilation spectroscopy (PAS) is a powerful technique that can be used to detect 
and characterize vacancy-type defects in solids. As a positron gets trapped in a defect, its 
annihilation features, such as its lifetime in the material and the Doppler broadening of the 
annihilation radiation, change. PAS experiments enable one to measure these characteristics, 
but do not provide the relationship between the signal and the type of defect. Thus, a reliable 
identification of the signals requires comparison with other experimental techniques or with 
calculations, for instance those yielded by the two component density functional theory 
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(TCDFT). We recently implemented the methods needed to model the Doppler spectra of 
electron-positron annihilation radiation in the PAW formalism in the ABINIT code. We will 
present the implementation and its application for the identification of the defects in silicon 
carbide.

S5 431

Dynamical mean-filed approach to core-level X-ray  
photoemission spectroscopy for transition metal compounds

* Atsushi Hariki1, Takayuki Uozumi1

1) Department of Mathematical Sciences, Graduate School of Engineering, Osaka Prefecture 
University 

Core-level X-ray photoemission spectroscopy (XPS) is a powerful tool to investigate strongly 
correlated electron systems, such as transition metal oxides (TMO). Owing to recent 
experimental progresses, spectral fine features have become observed in the main line (ML) 
of 2pXPS for TMO, such as La1-xSrxMnO3(LSMO). The ML structure includes rich information 
on the electronic structure through the charge transfer from the correlated 3d band located 
on the top of valence band to the core-excited TM site in the XPS final state. However, such 
an effect could not be described in conventional analyses using a simple impurity model. In 
this context, recently, we developed a new framework based on the dynamical mean-field 
theory (DMFT) under realistic crystal structure, where the correlated 3d band can be 
quantitatively treated in a DMFT-based impurity Anderson model. In this talk, we apply our 
framework to the 2pXPS analysis for typical TMO, such as NiO, LSMO and LaCoO3, and 
show that the fine features in ML of the compounds are related with (1) Zhang-Rice doublet 
band and antiferromagnetic ordering in NiO, (2) orbital ordering and ferromagnetic ordering 
in LSMO, and (3) high-spin and low-spin transition in LaCoO3.

S5 432

Pump-probe spectroscopy of non-equilibrium superconductivity

* Michael Sentef1

1) Max Planck Institute for the Structure and Dynamics of Matter 

The control of material properties with femtosecond laser pulses at tunable wavelengths is 
a tantalizing prospect of ultrafast materials science. Recent progress in pump-probe 
spectroscopies has lead to a host of intriguing results, such as the observation of amplitude 
mode oscillations in a BCS superconductor [1] or the proposal of light-induced 
superconducting-like states at high temperatures [2, 3, 4]. It is thus of high importance to 
develop theoretical frameworks and efficient numerical simulation codes in order to provide 
a theoretical understanding of such effects.

Kadanoff-Baym-Keldysh Green functions are a suitable tool for this endeavor. Here we 
present recent simulations of the nonequilibrium dynamics in laser-driven superconductors 
using the Nambu-Gor\’kov formalism and the Migdal-Eliashberg approximation to phonon-
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mediated superconductivity. A rapid optical stimulation of an electron-phonon coupled 
superconductor creates electron-hole pairs and quenches the energy gap, which then 
relaxes showing clear spectroscopic signatures of renormalized Higgs amplitude mode 
oscillations, which we propose to be measured using time- and angle-resolved photoemission 
spectroscopy [5]. 
[1] Matsunaga et al., Science 345, 1145 (2014).
[2] Mankowsky et al., Nature 516, 71 (2014)
[3] Kaiser et al., Phys. Rev. B 89, 184516 (2014).
[4] Mitrano et al., arXiv:1505.04529
[5] Kemper et al., arXiv:1412.2762

S5 433

Low-energy collective electronic excitations  
in intercalated graphite compounds

* Juan Pablo Echeverry1, Vyacheslav M. Silkin2

1) Humboldt University, Department of Physics, D-12489 Berlin, Germany 
2) Donostia International Physics Center 

We present a first-principles study of the electroonic band structute and low-energy dielectric 
response function of a representative group of graphite intercalated compounds (GIC\’s: 
LiC6, SrC6 and CaC6) calculated in the framework of time-dependent density functional 
theory.



Ψk-2015

628 Abstracts of  Poster Session 2 •  Tuesday, September 8,  2015

Symp. 6: Recent Advances in Diagrammatic Methods  
for the Total Energy

Organized by Kristian Thygesen, Patrick Rinke,  
Georg Kresse, Mark Hybertsen

Poster Area I

S6 434

Explicitly correlated wave-function techniques  
in an numeric atom-centered orbital framework

* Arvid Conrad Ihrig1, Patrick Rinke2, Igor Ying Zhang1, Matthias Scheffler1

1) Fritz-Haber-Institute of the Max-Planck Society, Berlin, Germany 
2) Aalto University, Aalto, Finland 

Methods like second-order Møller-Plesset perturbation theory (MP2) and coupled-cluster 
approaches suffer from a slow basis set convergence due to the inaccurate modeling of the 
electronic cusp. As it has been shown for Gaussian and plane-wave basis sets, this issue 
can be alleviated by introducing an explicit dependence on the inter-electronic distance into 
the wave-function (F12 strategies[1]). Combining F12 with the compactness of numeric 
atom-centered orbitals (NAO), as we use them in the FHI-aims[2] code, promises the 
capability to treat larger systems of physical interest efficiently with correlated methods.

However, the explicit dependence on inter-electronic distances gives rise to new matrix 
elements, which yield computationally expensive three and more electron integrals. In this 
work we present an efficient evaluation scheme for these integrals in the NAO-framework 
using a maximally localized variant of the resolution of identity technique that we already use 
with great success for the evaluation of four-center two-electron integrals. For MP2 we 
demonstrate the improved convergence with the basis set size.

[1] Kong et al. ChemRev 112 (2012)
[2] Blum et al. CPC 180 (2009)

S6 435

The exact exchange optimized effective potential  
for solids and molecules

* Per Schmidt1, Kristian Thygesen1

1) Technical University of Denmark 

It is well known that density functional theory with the LDA and GGA exchange correlation 
(xc) functionals suffer from self-interaction errors which lead to electron delocalization, 
unphysical charge transfer and systematic underestimation of band gaps. These problems 
are partially resolved by the hybrid and range-separated hybrid schemes, however, these 
approximations contain fitting parameters, such as the amount of exact exchange, which is 
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unsatisfactory from a fundamental point of view and limits their predictive power. As an 
elegant, but computationally demanding alternative, we have implemented the optimized 
effective potential (OEP) for exact exchange (EXX) in the electronic structure code GPAW[1]. 
The EXX-OEP contains no free parameters, i.e. it is fully ab-initio, and the local representation 
of the exchange potential cures the qualitative failures of Hartree-Fock theory for metals. 
Here we use the method to study energy levels of molecules, band gaps of semiconductors 
and defect levels in semiconductors.
[1] https://wiki.fysik.dtu.dk/gpaw/

S6 436

Implementation of periodic Coupled-Cluster methods  
in the numeric atom-centered orbital framework

* Tonghao Shen1, Igor Ying Zhang1, Matthias Scheffler1

1) Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, D-14195 Berlin, Germany 

The coupled-cluster (CC) ansatz with singles, doubles and perturbative triples (CCSD(T)) is 
widely considered as the ‘gold standard’ in quantum chemistry[1]. Significant effort has been 
devoted to developing efficient CC algorithms, mainly focusing on the molecular systems[2]. 
However, recent developments in methodology, as well as the increase in computer power, 
make it possible to address its accuracy and applicability in condensed phase[3].

In this project, we explore a local treatment of the periodic CCSD(T) implementation, 
which discriminates the correlations with respect to distances between excited electron 
pairs. It has been shown that this approximation is efficient and accurate in molecular 
systems[2]. The periodic implementation is carried out in FHI-aims[4], taking advantage of 
its localized numeric atom-centered orbital basis sets and localization techniques dealing 
with four-center integrals, which make it equally efficient in treating cluster and periodic 
models. [1] R. J. Bartlett et al., Rev. Mod. Phys. 2007; [2] C. Hampel et al., JCP 1996; [3] J. 
J. Shepherd et al., PRL, 2014; [4] V. Blum et al., CPC, 2009.
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Symp. 10: Applications of Quantum Monte Carlo Methods 
Organized by Matthew Foulkes

Poster Area I

S10 437

* Andrea Zen1,2, Dario Alfe’1,3, Angelos Michaelides1,2

1) Thomas Young Centre and London Centre for Nanotechnology, 17–19 Gordon Street, London 
WC1H 0AH, United Kingdom 

2) Department of Chemistry, University College London, 20 Gordon Street, London WC1H 0AJ, 
United Kingdom 

3) Department of Earth Sciences, University College London, Gower Street, London WC1E 6BT, 
United Kingdom 

Adsorption of molecules on surfaces is a problem of widespread relevance. The accurate 
experimental determination of adsorption energies on well defined surfaces remains a major 
challenge, and computer simulations are a fundamental took to tackle these problems. The 
computational approaches mostly used are based on empirical-force-fields and density-
functional-theory (DFT). These techniques are very useful and being improved all the time, 
but they are traditionally inaccurate for systems dominated by weak interactions such as 
H-bonds and van der Waals.

Thanks to the rapid and constant growth of computational power in massively parallel 
architectures, nowadays also quantum Monte Carlo (QMC) based approaches are becoming a 
feasible and promising choice. QMC is a highly accurate ab-initio method, capable of exceeding 
the accuracy of DFT, and it represents the only wave-function-based post-Hartree-Fock approach 
with a scaling with system size favourable enough to be applicable in large periodic systems.

We present here the first theoretical benchmarks for water adsorption on clays, which will 
be important for a molecular level understanding of heterogeneous ice nucleation. The range 
of adsorption energy values obtained by DFT, for different choices of the exchange-correlation 
functional, is extremely broad, and QMC-based results point out the most reliable ones. 

S10 438

Accurate diffusion Monte Carlo calculations  
of the properties of molecules, metals and insulators

* Roman Nazarov1, Randolph Q. Hood1, Miguel Morales1

1) Lawrence Livermore National Laboratory 

Achieving chemical accuracy across all types of electronic systems including atoms, molecules, 
metallic and insulating solids using a single ab initio method is a significant goal of computational 
materials science. We used diffusion Monte Carlo (DMC) to compute the spectroscopic properties 
of dimers, the equation of state parameters of metals and ionic compounds, and band gaps of 
semiconductors and insulators. We carefully and systematically analyzed the effect of 
approximations typically used in DMC: the use of non-local mean-field based pseudopotentials, 
the fixed-node/fixed-phase approximation, and finite-size effects. A practical guideline for 
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decreasing the effects of these approximations was determined. In the wide range of systems 
investigated the results of our DMC calculations were in excellent agreement with experiment, 
surpassing the accuracy of standard workhorse methods such as density functional theory.

Acknowledgments: this work was performed under auspice of the U.S. Department of 
Energy by Lawrence Livermore National Laboratory under Contract DE-AC52-07NA27344. 
The work has been supported by LDRD 13-ERD-067

S10 439

A Quantum Monte Carlo Study on the Adsorption  
of CO Molecule on Cu(111) Surface

* Apichai Jomphoak1,3, Nguyen Thanh Cuong2, Ryo Maezono1

1) School of Information Science, JAIST, Japan. 
2) Nanosystem Research Institute (NRI), AIST, Japan. 
3) SIIT, Thammasat University, Thailand. 

Recently density functional theory (DFT) becomes a powerful computational method in 
materials and surface science. However, it is found that the local (LDA) and semilocal (GGA) 
exchange-correlation functional approximations in DFT calculations are not able to predict 
the correct adsorption site for carbon monoxide (CO) molecule on the (111) surface of Cu, 
Rh, Pt metals [1]. By using the fixed-node diffusion Monte Carlo (FNDMC) technique, we 
have investigated the potential energy of CO molecule during adsorption on the Cu (111) 
surface with different adsorption sites (Fig.1). We find that the FNDMC calcualations well 
re-confirmed the experimental results: CO molecule prefers to adsorb on the onefold-
coordinated top site. This result is in sharp contrast to the conventional DFT calculations in 
which the threefold-coordinated hollow site is predicted to be the most energetic adsorption 
site. Furthermore, we also find that LDA based on FNDMC calculations yields variationally 
better than the GGA based on FNDMC calculations.

Fig. 1 The LDA and DMC potential energies of CO molecule on the Cu(111) surface with 
top and hcp-hollow sites

[1] X. Ren, P. Rinke, and M. Scheffler, Phys. Rev. B 80, 045402 (2009).
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Symp. 11: Upscaling Electronic Structure:  
Reduced-Scaling and Multi-Scale Methods

Organized by Peter Haynes, Volker Blum, Stefan Goedecker, 
Javier Junquera, Karsten Reuter, Jorg Neugebauer, 

Matthias Scheffler, Mike Finnis
Poster Area J

S11 440

First-principles based multi-scale modeling of macroscopic 
reactor response in heterogeneous catalysis

* Sebastian Matera Matera1, Max J. Hoffmann2, Matteo Maestri3, Sara Blomberg4, Alberto 
Cuoci3, Johan Zetterberg4, Johan Gustafson4, Edvin Lundgren4, Karsten Reuter2

1) Free University Berlin 
2) Technical University Munich 
3) Politecnico di Milano 
4) Lund University 

We present a multiscale framework for the modeling and simulation of the interplay between 
all scales, which relevant to understand modern in situ experiments on (model) catalyst. We 
achieve this by integrating first-principles kinetic Monte Carlo (1p-kMC) models into the 
general purpose computational fluid dynamics (CFD) catalyticFOAM. This allows to combine 
the predictive quality of first-principles based reaction kinetics with the modeling of 
concentration variations within nontrivial reactor geometries. To arrive at efficient and stable 
formulation, we have exploited the usually disparate time scales of surface chemistry and 
gas-phase transport and developed an adaptive error-based modified Shepard approach for 
the interpolation of irregularly gridded 1p-kMC data. We apply our framework to the analysis 
of recent Planar Laser Induced Fluorescence measurements of the CO oxidation at Pd(100). 
Our results suggests that the surface termination is actually a mixture between two phases 
and that the minority phase is responsible for the observed reactivity. 
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S11 441

Development and Application of an Electrostatic QM/MM 
Embedding Scheme Using GPAW and ASE

Asmus O. Dohn1, Elvar Ö. Jónsson2, Kasper S. Kjær3, Tim B. van Driel3, Tobias C. B. 
Harlang4, Martin M. Nielsen3, Niels E. Henriksen1, Klaus B. Møller1

1) Department of Chemistry, Technical University of Denmark 
2) Department of Applied Physics, Aalto University 
3) Department of Physics, Technical University of Denmark 
4) Department of Chemical Physics, Lund University 

We have implemented a multiscale QM/MM MD method which electrostatically embeds a 
sub-region modelled using DFT with a Grid-based Projector-Augmented Wave (GPAW) 
description[1] into a larger system described using classical, point-charge-based force fields. 
The embedding scheme explicitly models the interaction by adding the classical point 
charges to the external potential in which the electronic density is converged, and adds a 
Lennard-Jones non-bonded energy term between the nuclei of the QM and the MM region.
The method provides precise on-the-fly simulations of dynamics on the Born-Oppenheimer 
surface, while the effectiveness of GPAW makes it possible to sample hundreds of ps of the 
phase spaces of intricate chemical reaction dynamics in complex solvated molecules such 
as the bi-metallic complexes shown in figure 1. The statistical quantities allow for direct 
utilization of the results in model fitting of experimental results, such as Time-Resolved 
X-Ray Scattering data, obtained at X-ray Free Electron Lasers (XFELs). 
[1] J. J. Mortensen et al. Phys. Rev. B. 71, 035109 (2005).
[2] A. Dohn et al., J. Chem. Phys. Lett. 5, 2414 (2014).
[3] S.E. Canton et al. Nat. Comm. 6, 6359 (2015).
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S11 442

Multiscale Modeling of Organic Spintronics Materials

* Erik R. McNellis1, Shayan Hemmatian1, Amaury Melo Souza1, Jairo Sinova1

1) Johannes Gutenberg University, Mainz, Germany 

Organic semiconductors (OSCs) are widely studied as novel materials for microelectronics 
and sensing, offering high customizability and versatility for low production costs.

OSCs are equally relevant for spintronics - microelectronics based on the manipulation of 
electronic spin rather than charge. In spintronics, the conversion of spin current into charge 
current via the spin-orbit interaction is key. The resulting inverse spin Hall effect has recently 
been experimentally confirmed in OSCs, opening a new, exciting field for materials science.

We model spin currents in a class of high-mobility OSCs using a multiscale approach, 
treating low-order mesoscopic OSC systems in a phenomenological model, with parameters 
calculated from first- principles theory. This problem presents a unique combination of 
challenges for first-principles modeling, including relativistic effects, spin-orbit interactions, 
hyperfine interactions, molecular magnetic response, and a subtle interplay of geometric 
and electronic structure with significant consequences for local magnetization.

First results in the context of collaborative experimental efforts will be presented along 
with our methodology in greater detail.

S11 443

Adatom diffusion on metal surfaces: Disentangling the role  
of phononic and electronic energy dissipation

* Simon P. Rittmeyer1, Patrick Gütlein1, Karsten Reuter1

1) Chair for Theoretical Chemistry and Catalysis Research Center, Technische Universität 
München, Garching, Germany 

The quest for an accurate and numerically efficient first-principles-based treatment of 
electronically non-adiabatic adsorbate dynamics on metal surfaces is still ongoing. A 
promising candidate in this regard is the concept of electronic friction within the local density 
friction approximation (LDFA), which can be conveniently coupled to (ab initio) molecular 
dynamics simulations.

Recently we have extended this approach beyond the hitherto inherent independent atom 
approximation and successfully benchmarked it against theoretical and experimental 
reference data for the vibrational damping of high-frequency adsorbate vibrations on various 
metal surfaces [1]. Whilst the latter is clearly dominated by non-adiabatic energy losses, we 
now turn to an elementary process where also phononic coupling to the substrate is non-
negligible, namely surface diffusion.

In a first step, we compare our LDFA-based MD simulations for various alkali-metal 
adsorbates on Cu to experimental signatures obtained from helium-3 spin echo 
measurements. This comparison allows us to divide empirically obtained friction coefficients 
into electronic and phononic contributions. Ultimately aiming for a more complete microscopic 
understanding of the energy conversion processes involved, we critically discuss the role of 
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an explicit treatment of phononic degrees of freedom in terms of a combined electronic 
friction-QM/Me embedding scheme [2].
[1] S.P. Rittmeyer et al., submitted.
[2] J. Meyer and K. Reuter, Angew. Chem. Int. Ed. 53, 4721 (2014).

S11 444

Nonorthogonal generalized hybrid Wannier functions  
for linear scaling DFT simulations of surfaces and interfaces

* Andrea Greco1, John Freeland2, Arash Mostofi1

1) Imperial College London 
2) Argonne National Laboratory 

Semiconductor-based thin-films have applications in microelectronics, from transistors to 
nano-capacitors. Many of their properties depend on phenomena at multiple length scales, 
but their complexity makes it difficult to obtain a detailed understanding of their behavior 
from experiment alone. 

First-principles simulations based on density-functional theory (DFT) are invaluable for 
providing insight into materials’ properties including for the study of thin films. In particular, 
hybrid Wannier functions (WFs), fully extended in the surface plane, but localized along the 
direction normal to the surface, have been successfully used to explore the properties of 
systems layered along a given direction. The large length scales associated with structures 
and processes in more realistic surfaces, however, are beyond the scope of such calculations, 
because they rely on first performing a traditional cubic-scaling DFT calculation.

To overcome this limitation we extend the concept of hybrid WFs to nonorthogonal orbitals 
that are directly optimized in situ in the electronic structure calculation. We show that this 
method, implemented in the ONETEP linear scaling DFT code, enables the study of large-
scale surfaces and interfaces with plane-wave accuracy but at reduced computational 
expense.

S11 445

Simulation for dislocation core structure and shear modulus  
of iron alloys (Fe-Cu, Ni, Si, and Mn)  
using generalized stacking fault energy

* Toshiharu Ohnuma1, Kenichi Nakashima1

1) Central Research Institute of Electric Power Industry (CRIEPI) 

We calculate the generalized stacking fault energy (GSFE) and shear modulus for body 
center cubic (BCC) based iron alloy (Fe-Cu, Ni, Si, and Mn) using first-principles calculations 
to simulate the dislocation core structures of solute atom clusters in the reactor pressure 
vessel (RPV) steels of light water reactors, which are irradiated by fast neutrons. We analyze 
the chemical bonding at the slip plane using crystal orbital Hamilton populations (COHPs). 
Dislocation core structures are calculated by a fractional dislocation model using the GSFE 
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and shear modulus. The effect of chemical composition is examined considering the GSFE, 
dislocation core structure, and shear modulus.

S11 446

Compositional dependence of the electronic, structural  
and mechanical properties in strained InGaAs ternary alloys: 
large-scale atomistic calculations

* Petr Khomyakov1, Mathieu Luisier1, Andreas Schenk1

1) Integrated Systems Laboratory, Department of Information Technology and Electrical 
Engineering, ETH Zurich 

III-V semiconductor compounds are considered for the integration with Si-based microelectronics 
to take advantage of their high charge carrier mobility. One field of extensive research is to 
understand how the electronic properties of the III-V compounds are altered by externally 
applied stress. Though the III-V compounds are of high relevance, many of their properties 
have not been well understood because of their complexity. Predicting alloy properties requires 
a multiscale approach to describe the alloy disorder effect on physical parameters.

 Using large-scale atomistic calculations, we have studied the physical properties of the 
strained InGaAs ternary alloys in a systematic manner. The electronic structure of these 
compounds has been calculated using local density approximation and hybrid functional 
approach for two kinds of alloy models such as large cubic supercells and special quasi-
random structures. We show that the band energies and their deformation potentials exhibit 
a non-negligible compositional bowing in ternary alloys such as InGaAs. The predicted 
bowing effect is found to be rather insensitive to the choice of the functional and alloy model. 
The direction of bowing is attributed to In that gives a stronger contribution to the valence 
bands, compared to Ga.

S11 447

Efficient optimization of local orbitals and eigenstate  
calculations in O(N) DFT program CONQUEST

Ayako Nakata1, David Bowler2, Yasunori Futamura3, Tetsuya Sakurai3, Tsuyoshi 
Miyazaki1

1) National Institute for Materials Science 
2) Department of Physics & Astronomy, University College London 
3) Department of Computer Science, University of Tsukuba 

CONQUEST is a linear-scaling (O(N)) DFT code developed jointly by UCL and NIMS. 
CONQUEST achieves O(N) by using the locality of density matrices with the density matrix 
minimization method. Local orbitals which are called support functions are used to express 
the locality of density matrices.

We have introduced multisite support functions (MSSFs), which are the linear combinations 
of pseudo-atomic orbitals from a target atom and its neighbor atoms. MSSFs correspond to 
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local molecular orbitals so that the number of required support functions can be the minimal. 
The MSSFs are determined variationaly by numerical optimization. For robust and efficient 
optimizations, we prepare the initial coefficients by using the localized filter diagonalization 
method proposed by Rayson et al. The accuracy and computational efficiency of the present 
method are demonstrated by investigating energetic and geometrical properties of several 
systems.

We have also employed an efficient method to calculate eigenstates in a given energy 
range proposed by Sakurai and Sugiura with the sparse matrices constructed by CONQUEST. 
It enables us to obtain band energies and charge densities of very large systems. For 
example, we can provide theoretical STM images and STS of large and complicated 
surfaces, containing 100,000+ atoms.

S11 448

Hamiltonian adaptive QM/MM simulations of aqueous systems

* Rosa Bulo1, Jelle Boereboom1, Davide Donadio2, Raffaello Potestio3

1) Utrecht University, the Netherlands 
2) Donostia International Physics Center, Spain 
3) Max Planck Institute for Polymer Research, Mainz, Germany 

We present a novel multi-scale approach for the description of chemical/catalytic reactions 
occurring in aqueous solution. Because chemical reactivity is a local phenomenon a reactive 
region can be described at the quantum mechanical (QM) level, while the environment is 
treated at the more approximate molecular mechanical (MM) level. Difficulties arise due to 
the diffusive nature of the solution, involving water molecules that flow in and out of the 
reactive region during a molecular dynamics simulation. Adaptive QM/MM methods allow 
molecules to change description as they flow across the border between the two regions. In 
the adaptive connection of the two potential energy surfaces an approach that both conserves 
the energy and produces the correct averages has so far proven elusive. Here we present a 
novel Hamiltonian scheme related to a recent method that connects atomistic and course 
grained resolutions in an adaptive manner. Our new scheme applies a correction function to 
the total energy of the system, at last resulting in energy conserving simulations that correctly 
describe the solvent structure throughout the system.

S11 449

Massively Parallel Density Functional Theory with Multiwavelets

* Laura Ratcliff1, Álvaro Vázquez-Mayagoitia1, Nichols Romero1

1) Leadership Computing Facility, Argonne National Laboratory, Argonne, Illinois, 60439, USA 

Density functional theory (DFT) has been applied extensively to systems of medium size, 
where calculations are performed with a moderate level of parallelism. However, both its 
application to larger systems and exploitation of massively parallel computers have been 
limited. Thanks to reduced scaling approaches which avoid the cubic scaling limit of standard 
implementations, larger systems are now being simulated with increasing frequency. 
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Nonetheless, DFT simulations are not routinely performed using the full capabilities of 
today\\\’s biggest supercomputers. MADNESS is a general purpose numerical framework 
which uses a discontinuous \\\’multiwavelet\\\’ basis set to solve integral and differential 
equations with high precision at relatively low cost using a multiresolution approach. 
Furthermore, it also includes an underlying parallel programming environment which has 
been designed to achieve petascale performance while reducing the time to implement new 
applications. As such, MADNESS provides an ideal environment for the implementation of 
DFT. Furthermore, thanks to the locality of the multiwavelets, it is also straightforward to 
apply a localization procedure to the Kohn-Sham orbitals, resulting in a reduced scaling 
approach. I will present an overview of the MADNESS molecular DFT code, focussing on 
recent applications in two areas: polarizabilities and the calculation of core spectra.

S11 450

Towards large-scale accurate Kohn-Sham DFT  
for the cost of tight-binding

* Mark Rayson1, Patrick Briddon1

1) School of Electrical and Electronic Engineering, University of Newcastle, Newcastle upon Tyne, 
NE1 7RU, UK 

We present recent, and ongoing, work aimed at highly accurate calculationsfor large-scale 
systems. The implementation of the filtration method [1, 2, 3] in the AIMPRO Gaussian 
orbital code is described. Timings and accuracy results are presented for defective 
semiconducting and metallic systems and a range of quantities, such as formation energies, 
forces, relaxed structures, vibrational modes and free energies.

We finish with a summary of realistic near-term aims, most notably an aim which can be 
summarised as \\\’plane-wave accuracy for the cost of a tight-binding calculation\\\’.
[1] M. J. Rayson and P. R. Briddon, Phys. Rev. B 80, 205104 (2009).
[2] M. J. Rayson, Comput. Phys. Commun. 181, 1051 (2010).
[3] P. R. Briddon and M. J. Rayson, Phys. Status Solidi B 248, 1309 (2011).

S11 451

SIESTA-PEXSI: massively parallel method for efficient  
and accurate ab initio materials simulation without  
matrix diagonalization

* Lin Lin1, Alberto Garcia2, Georg Huhs3, Chao Yang1

1) Computational Research Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA 
2) Institut de Ci encia de Materials de Barcelona, (ICMAB-CSIC), E-08193 Bellaterra, Spain. 
3) Barcelona Supercomputing Center, Computer Applications in Science & Engineering, E-08034 

Barcelona, Spain

SIESTA is a widely used DFT code based on localized numerical atomic orbitals, a highly 
efficient scheme in terms of basis size and Hamiltonian construction. Most of the computational 
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effort goes into solving the KS eigensystem, which scales cubically with the system size. 
Using High performance computing (HPC) has enabled the treatment of increasingly larger 
systems, but many interesting applications are still out of reach, and the cubic scaling 
problem can not be overcome with improving parallel scaling alone.

The Pole EXpansion and Selected Inversion (PEXSI) method takes advantage of the 
sparsity of SIESTA\’s matrices, reducing the order of the computational cost depending on 
the dimensionality of the system. While for 3D systems the scaling is reduced to quadratic, 
quasi 1D problems show even linear scaling. But in contrast to other linear scaling schemes, 
PEXSI is highly accurate and applicable to all types of systems, also metals.

Recently PEXSI has been implemented into SIESTA, proving its accuracy and favorable 
weak, but also strong scaling due to a multilevel parallelization. Cost and time to solution for 
big examples are reduced by orders of magnitude, pushing the frontiers of ab initio material 
simulations to new dimensions.

S11 452

Linear-scaling density-functional theory with spin-dependent 
bases: towards spin-orbit couplings in ONETEP

* José María Escartín1, Mike C. Payne1, Nicholas D.M. Hine2

1) Theory of Condensed Matter Group, Cavendish Laboratory, University of Cambridge, JJ 
Thomson Av, Cambridge CB3 0HE, UK 

2) Theory Group, Department of Physics, University of Warwick, Coventry CV4 7AL, UK 

Order-N Density Functional Theory (DFT) methods utilise the one-electron density-matrix to 
avoid the manipulation of Kohn-Sham eigenfunctions, thus reducing the computational 
complexity of standard DFT approaches from cubic to linear in the number of atoms [1]. 
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Several codes use so-called “support functions” to represent the density matrix: for example 
the ONETEP code [2,3] employs non-orthogonal generalised Wannier functions (NGWFs) 
which are optimised in-situ to provide convergence equivalent to plane-wave methods. The 
traditional means of incorporating spin polarisation in the density matrix has been to allow 
different spin channels to have different coefficients multiplying these support functions. 
However, there are cases where this approach fails as there is not enough flexibility to 
represent strongly spin-polarised systems. In this contribution we implement spin-dependent 
NGWFs and explore the benefits of the additional variational freedom this provides. Further 
progress towards the inclusion of spin-orbit couplings in the code is also discussed.
[1] D.R. Bowler and T. Miyazaki, Rep. Prog. Phys. 75, 036503 (2012).
[2] C.-K. Skylaris, P.D. Haynes, A.A. Mostofi and M.C. Payne, J. Chem. Phys. 122, 084119 (2005).
[3] http://www.onetep.org.

S11 453

Density Functional Theory Studies  
of Transition Metal Clusters on TiO2 Support

* K. K. B. Duff1, L. Spanu2, M. C. Payne1, N. D. M. Hine1,3

1) Cavendish Laboratory, University of Cambridge, Cambridge, CB3 0HE 
2) Shell Technology Center Bangalore, Bangalore 560 048, India 
3) Department of Physics, University of Warwick, Coventry, CV4 7AL 

Supported metallic nanoclusters show promising catalytic properties in several heterogeneous 
catalytic applications. One of the appealing aspects is the prospect to improve the efficiency 
of the catalytic process by fundamental understanding nanoscale effects, such as clusters 
size and clusters-support interaction. The control of the clusters morphology is, however, a 
challenging task due to the effects of the reactive environment on the final structure [1]. 
Density functional Theory (DFT) provides a simulation framework to predict the stability of 
metal clusters in presence of a reactive gas (e.g. water, CO, hydrogen)[2][3][4]. In this study 
we will present DFT calculations (based on CASTEP) of the binding sites and diffusion 
energy barriers of cobalt clusters on TiO2. We will then discuss possible computational 
strategies to achieve DFT-comparable accuracy at a significantly reduced computational 
cost.
[1] G.S. Parkinson et al. Nature Materials 12, 724 (2013)
[2] Y. Wang et al. RSC Adv., 5, 16582 (2015)
[3] R.P. Galhenage et al. J. Phys. Chem. C 117,7191-7201 (2013) 
[4] R. Addou et al. ACS Nano 8, 6321-6333 (2014)
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S11 454

Auxiliary spin-density functionals for magnetic systems:  
a new class of efficient, stable methods for large density 
functional theory calculations of magnetic systems

* Phil Hasnip1, Matt Probert1

1) University of York 

Density functional theory has become an essential tool for physical scientists in a wide 
variety of fields, and the advent of more and more powerful computers has allowed larger, 
more complex systems to be simulated. However as the size of the simulation system is 
increased, the conventional density-mixing algorithms used to find the electronic ground 
state often show poor convergence, and this is particularly true for magnetic systems where 
they may fail to converge at all. 

We recently introduced a new class of methods[1] for solving the Kohn-Sham equations 
based on constructing a mapping dynamically between the Kohn-Sham system and an 
auxiliary system. We here present an extension to this method to encompass spin-density 
simulations as well, and demonstrate its performance for a range of magnetic materials.
[1] http://arxiv.org/abs/1503.01420

S11 455

Studying environmental effects on pigments in solution using 
linear-scaling time-dependent density-functional theory

* Tim J. Zuehlsdorff1, Nicholas D. M. Hine2, Mike C. Payne3, Peter D. Haynes4,2

1) Cavendish Laboratory, University of Cambridge 
2) Department of Physics, University of Warwick 
3) Cavendish Laboratory, University of Cambridge 
4) Department of Materials, Imperial College London 

Time-dependent density-functional theory (TDDFT) is considered the method of choice for 
computing optical spectra of large systems, due to a good balance of computational cost and 
achievable accuracy for most standard exchange-correlation functionals. However, conventional 
TDDFT implementations have a cubic scaling with system size associated with them, thus 
placing strict limits on the types of problems that can be realistically studied. In this work, we 
introduce a linear-scaling TDDFT implementation in the Tamm-Dancoff approximation (J. Chem. 
Phys. 139, 064104 (2013)) capable of computing low energy excitations of systems containing 
thousands of atoms. The implementation relies on expressing the optical response of the 
system in terms of two sets of in-situ optimized localized orbitals, which form a very efficient 
representation. It is shown that the linear-scaling formalism can be straightforwardly extended 
to solving the full TDDFT equations rather than the simplified Tamm-Dancoff eigenvalue 
problem. The strictly localized representation of the optical response allows for the possibility to 
constrain an excitation to a certain region of a larger system. The strengths of this approach are 
demonstrated in a detailed study of the effect of delocalization on the excitation energies of 
small organic dyes in water.
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S11 456

Multi-scale Modeling of Li-ion Battery Materials

* Sara Panahian Jand1, Pouya Partovi-Azar2, Payam Kaghazchi1

1) Physikalische und Theoretische Chemie, Freie Universität Berlin 
2) Department of Chemistry, University of Paderborn 

In this work, we will first present a method that can be used to construct transferable force 
fields (FF) for modeling of Li-ion battery materials. The FF parameters are obtained by 
comparing physical quantities calculated with DFT and those calculated with classical 
potentials. As an example of the application of this method we will discuss the structure of 
solid electrolyte interphase (SEI). SEI is a heterogeneous layer that is formed on the surface 
of electrodes in Li-ion batteries during the first charging cycles (due to the reduction of 
electrolyte species). We will show that the constructed FF gives similar atomic structures 
and stabilities for nanoclusters and surfaces of inorganic components of the SEI layer (e.g. 
LiF and Li2O) to those obtained using DFT calculations [1]. Finally, we will present our 
recently developed quantum mechanics/molecular mechanics (QM/MM) approach, which 
can be used to study the electronic structure and ionic conductivity in the interfaces of SEI 
components [1].

[1] S. Panahian Jand, P. Partovi-Azar, and P. Kaghazchi, in preparation

S11 457

A first principles view of natural gas hydrates:  
from functionals to geophysics

* Filipe Camargo Dalmatti Alves Lima1, Caetano Rodrigues Miranda1

3) University of São Paulo, Institute of Physics, Department of Mechanics and Materials Physics 

The clathrate-hydrates are cage structured water molecules that traps a host molecule. 
They are an important source of natural gas. However, there is not an efficient way to recover 
the gas due to the dispersion of the clathrate-hydrates sediments. The main tool to detect 
the deposits is through seismic profiling, that requires a priori the knowledge of its elastic 
and mechanical properties, which can be very difficult obtain experimentally. A multi-scale 
approach using First Principles calculations and the Christoffel equation were used to 
investigate the seismic wave propagation. Based on DFT, the structural and mechanical 
properties of cubic s-I clathrates guest-free and with full occupancy of methane or carbon 
dioxide guest molecules were determined using different exchange-correlation functionals 
(BLYP and revPBE generalized gradient approximation (GGA), that excludes van der Waals 
forces, and the vdW-DF).The ab initio mechanical properties with respect to type of the 
guest were obtained and the ones using vdW-DF were found to be in better agreement with 
experimental results. The elastic wave velocities as a function of the propagation direction 
were determined for the distinct functionals and guests. This allows us to address both the 
fundamental interactions and the geophysical implications on unconventional fossil fuel 
exploration.
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S11 458

Investigating Solid-solid Phase Transitions  
in Titanium with Nested Sampling

* Martin Schlegel1, Gábor Csányi1

1) University of Cambridge 

Our work aims to understand solid-solid phase transitions in titanium and titanium related 
alloys using the statistical nested sampling algorithm [1]. For this task, nested sampling will 
be combined with a modified embedded-atom method (MEAM) potential.

The application of nested sampling to atomistic systems has progressed. We are now 
able to calculate the partition function of periodic lattices up to a constant factor while also 
incorporating volume changes. This partition function enables us to easily calculate the 
thermodynamic quantities of interest.

MEAM potentials are semi-empirical many-body potentials. The specific potential which 
will be used in this work was originally created and successfully applied to study phase 
transitions in titanium using molecular dynamics by Hennig et al. [2].

The combination of both, the modified embedded-atom method and nested sampling, 
promises to yield a deeper understanding of the phase transitions in titanium. On a longer 
time scale, it is aimed to extend this work to investigate the phase transitions which are 
crucial for the shape memory effect as well as superelasticity in nickel titanium.
[1] J. Skilling, in AIP Conf. Proc. 735, 395 (2004)
[2] R. G. Hennig et al., PRB 78 (5) (2008) 054121

S11 459

Multiscale Approaches from Electronic Structure Calculations

* Silvio Pipolo1, Roberto Cammi2, Stefano Corni3

1) Chemistry Department, Ecole Normale Superieure, Paris, France 
2) Chemistry Department, University of Parma, Parma, France 
3) Center S3, CNR Institute of Nanoscience, Modena, Italy

We present two multiscale approaches based on Electronic Structure Calculations (ESCs).
The first (serial) one, is a computational characterization of thio-azobenezene Self-Assembling 

Monolayer (azoSAMs) on a gold surface where ESCs provided the model potential energy 
surfaces used to optimize a classical force field. Based on this, classical molecular dynamics 
simulations followed by ESCs (when required) allowed to compute a number of properties of the 
azoSAMs including equilibrium structure and STM images [Langmuir 29, 10505 (2013)], 
wettability of the SAM surface [Langmuir 30, 4415 (2014)], and (non-)elastic behavior under 
compression [Beilstein J. Nanotechnol. 2, 834 (2012)], clarifying existing experiments.

The second (concurrent) approach deals with the coupling between the ab-initio dynamics 
of a molecule and the time-dependent response of a dielectric medium (solvent) described 
using the Polarizable Continuum Model (PCM).

We shall describe the formulation of the radiation-matter interaction terms for a PCM-
solvated molecule [J. Chem. Phys. 140, 164114 (2014)], the coupling with the real-time 
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TDDFT and TDHF [Comp.Theo.Chem. 112, 1040 (2014)], the derivation of the delayed time-
dependent solvent response and the formulation of an equation-of-motion approach for 
Debye solvents [J.Phys.Chem.A doi:10.1021/jp5106828].

S11 460 

Local density fitting within a Gaussian and plane waves approach

* Dorothea Golze1, Marcella Iannuzzi1, Juerg Hutter1

1) University of Zurich, Department of Chemistry, Wintherthurerstr. 190, CH-8057 Zurich 

A local density fitting technique is introduced for Kohn-Sham (KS) density functional theory 
calculations using a mixed Gaussian and plane waves (GPW) approach. For a local resolution 
of identity (LRI), the atomic pair densities are approximated by an expansion in one-center 
fit functions reducing the scaling for evaluating the Coulomb matrix to O(N3).

In this work, the LRI technique was adapted for usage in a GPW framework (LRIGPW) 
and implemented in the CP2K program package. The fitted density is employed for evaluation 
of Coulomb as well as exchange-correlation potential.

The construction of the KS matrix in GPW scales already linearly with respect to system 
size. Using LRI, the prefactor for building the KS matrix is reduced resulting in a system-
dependent speed-up. Furthermore, the scalability of the grid-based calculation and 
integration of the potential with respect to number of CPUs can be simplified and improved. 
Results regarding timings and scalability are presented for liquid water demonstrating that 
the SCF step can be speed up by a factor of at least three for large and medium-sized 
systems. Reaction energies obtained by LRIGPW for various systems prove that the 
approach is also highly accurate.

S11 461

Error propagation in multiscale models for heterogeneous catalysis: 
Adaptive sparse grids and first principles kinetic Monte Carlo

* Sandra Döpking1, Sebastian Matera1, Christoph Scheurer2, Daniel Strobusch2

1) FU Berlin, Department of Mathematics and Computer Science 
2) TU München, Chair of Theoretical Chemistry 

First principles kinetic Monte Carlo (1p-kMC) models utilize Density Functional Theory (DFT) 
based rate constants (RCs) as the input for stochastic mesoscopic reactivity models. Despite 
its success, the propagation of the errors in approximate DFT based RCs to larger scales is 
a severe and open problem, considering that these errors are far from being small. Within 
this uncertainty, even qualitative differences might appear.

We tackle this problem by a global sensitivity and uncertainty analysis, i.e. for quantifying 
the resulting error in the mesoscopic results and the contribution to this by every uncertainty. 
This requires the evaluation of high-dimensional integrals over the space of RCs, which we 
perform using a locally and dimension-adaptive sparse grid approach (h-GSG). The h-GSG 
exploits that typically strongly non-linear behavior usually appears only on low-dimensional 
sub-spaces (dimension-adaptivity) and there also only in small sub-domains (local adaptivity).
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As a prototypical example we consider the 1p-kMC model for the CO oxidation on a 
RuO2(110) surface.

The approach has the potential to reduce the modeling effort tremendously, by starting with 
cheap estimates of the RCs and only performing the full simulation for those RCs which matter.

S11 462

Novel linear-algebraic theories and massively parallel  
order-N calculations with one-hundred-million atoms

* Takeo Hoshi1, Hiroto Imachi1, Tomofumi Tada2

1) Tottori University 
2) Tokyo Institute of Technology 

Linear-algebraic (Krylov-subspace) theories were developed for massively parallel order-N 
calculations. [1-3] The method solves the generalized shifted linear equations ((zS-H)x=b), 
instead of conventional generalized eigen-value equation. The method was implimented in 
the code named ELSES (http://www.elses.jp/) with tight-binding (Slater-Koster-form) 
Hamiltonians parametrized with ab initio calculations. Fig. 1(a) and (b) show a benchmark 
with 100-nm-scale or one-hundred-million-atom materials [3] and a calculated result of nano 
carbon [2], respectively. As a related work, a hybrid eigenvalue solver code was developed. 
[4] Fig.1(c) shows recent works of wavepacket dynamics simulations of pi-conjugated 
polymers. (See Ref. [5] for a previous work.)

Fig.1 (a) Parallel efficiency (strong scaling) on the K computer for an one-hundred-million 
atom material [3], (b) An sp2-sp3 nano-composite carbon solid [2] for the nano-polycristalline 
diamond [4] (c) A close up of a pi-conjugate polymer, poly(phenylene–ethynylene), in a 
wavepacket dynamics simulation. Real and imaginary parts are shown in the upper and 
lower panels, respectively. 
[1] T. Hoshi, et al., JPCM24, 165502 (2012). 
[2] T. Hoshi, et al., JPSJ 82, 023710 (2013). 
[3] T. Hoshi, et al., JPS-CP1, 016004 (2014). 
[4] H. Imachi and T. Hoshi, submitted;http://arxiv.org/abs/1504.06443 
[5] J. Terao, et al., Nature Comm. 4, 1691 (2013).

http://arxiv.org/abs/1503.01420
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S11 463

Hybrid functionals within the full-potential linearized  
augmented lattice-adapted plane-wave method

* Gregor Michalicek1, Stefan Blügel1

1) Peter Grünberg Institut and Institute for Advanced Simulation, Forschungszentrum Jülich and 
JARA, 52425 Jülich, Germany 

The accuracy of density functional theory (DFT) calculations is determined by the employed 
exchange correlation (xc) functional and by the choice of the electronic structure method. 
With respect to the xc-functional, for certain classes of materials hybrid functionals offer a 
considerable but computationally demanding accuracy gain in comparison to conventional 
local and semilocal approaches.

Within the zoo of electronic structure methods the all-electron full-potential linearized 
augmented plane-wave (LAPW) method is one of the most precise approaches. In this 
method the Kohn-Sham wave functions are represented by potential-adapted radial functions 
times spherical harmonics within atom-centered spheres matched to single plane waves 
within the interstitial region in between the spheres. To increase the already high efficiency 
of this representation we introduce linearized augmented lattice-adapted plane waves 
((LA)2PWs) that replace the single plane waves in the interstitial region by crystal-adapted 
linear combinations of plane waves. This considerably reduces the runtime while retaining 
the precision.

We discuss the realization and benefits of hybrid functionals on the basis of (LA)2PWs in 
comparison to conventional LAPWs.

S11 464

An investigation of multi-scale modelling with data base 

* Verena A. Neufeld1, Gábor Csányi2, Vikram S. Deshpande2, David Cebon2

1) Department of Physics, Cavendish Laboratory, J J Thomson Avenue, Cambridge, CB3 0HE, UK 
2) Engineering Laboratory, University of Cambridge, Trumpington Street, Cambridge CB2 1PZ, 

United Kingdom 

The focus of this research is to develop a general multiscale modelling approach to connect 
computational codes at various length scales. The aim is to provide a system that can be 
easily adapted and extended by modellers to add codes and specify the inputs, outputs and 
interactions between codes, using standardized connection tools and communication 
protocols. This will enable multiscale modelling of many different aspects of materials 
performance. At the heart of the method is a versatile database, designed to capture 
experimental and theoretical materials information and the associated pedigree and 
traceability, at various length scales: from electronic to engineering. Fundamental to the 
approach is the ability to compare model predictions with experimental data. This method 
has application to a wide range of problems in computational materials engineering.

The example presented will combine atomistic considerations of dislocation behaviour 
with a discrete dislocation model, to compute elastic-plastic behaviour of metals. The inputs 
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and outputs of the two codes will be connected and built into a self-documenting automated 
modelling system. The database will manage the input and output data and computation 
workflows.

The poster presents the multiscale modelling methodology and aspects of the plasticity 
calculations.

S11 465

Atomistic simulation by using a novel multiscale approach of 
sodium iron phosphate materials for energy storage applications

Ariel Lozan1,2, Bruno Escribano1, Elena Akhmatskaya1, Javier Carrasco2

1) Basque Center for Applied Mathematics, Alameda de Mazarredo 14 (48009) Bilbao, Bizkaia, Spain 
2) CIC EnergiGUNE, Albert Einstein 48, (0150) Miñano, Álava, Spain 

Portable electronics and renewable energy infrastructures are key areas of technological 
progress where rechargeable batteries play an important role. Na-ion batteries are attracting 
increased attention as a potential low cost alternative due to the abundance of sodium salts 
in earth. In this context, the NaFePO4 is a particularly promising cathode material. However 
many aspects of its reversibility and stability during cycling remain to be understood.

Here we report a multiscale approach to gain molecular level insight into the structural 
properties of the NaxFePO4 system (0≤x≤1). An extensive number of ab initio DFT calculations 
were peformed and used to develop polarizable force fields based on the core-shell model. 
The DFT data include the properties of bulk structures with varying amounts of inserted Na 
and different surface terminations. The obtained force fields allow us to investigate the whole 
compositional range of the NaxFePO4 system.

These force fields are then used in a novel hybrid simulation technique which combines 
atomistic simulations with DFT calculations. In order to boost the configuration space 
sampling, we replaced the standard molecular dynamics by the Generalized Shadow Hybrid 
Monte Carlo method [1]. The proposed simulation approach aims to provide insight into 
crystalline/amorphous NaxFePO4 nanoparticles during battery cycling.
[1] Akhmatskaya et al. J. Phys. Chem. B 112, 5710 (2008)
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S11 466

First principles kinetic Monte Carlo simulations  
of competitive CO and NO oxidation on Pd(100)

* Juan Manuel Lorenzi1, Sebastian Matera2, Karsten Reuter1

1) Technische Universität München 
2) Freie Universität Berlin 

Lean-burn automotive emissions are characterized by an increased NOx content. A crucial 
step for the effective operation of NOx storage reduction (NSR) catalysts is to oxidize excess 
NO into NO2. In this context, interest shifts to understanding the oxidation properties of 
typically employed Pt-group catalysts under the simultaneous exposure to CO, NO and O2. 
We assess this for the Pd(100) model catalyst surface with first-principles kinetic Monte 
Carlo (1p-kMC) simulations that are based on an extensive set of density-functional theory 
derived rate constants. For gas-phase conditions representative for the oxidative mode of 
NSR (600 K, 1 atm O2, 10-3 atm NO) we obtain a NO oxidation activity of Pd(100) that is 
comparable to the one obtained previously for the (√5x√5)R27° surface oxide on Pd(100) 
[1]. Intriguingly, already corresponding small amounts of NO in the gas-mixture lead to 
qualitative changes in the CO oxidation properties. Particularly for oxygen-rich feeds the O 
coverage is substantially reduced, suggesting an increased resistance against oxide 
formation.

[1] J. Jelic, K. Reuter, and R. Meyer, Chem. Cat. Chem. 2, 658 (2010).

S11 467

Periodic (time dependent) Frozen-Density Embedding  
in Quantum Espresso

* Alessandro Genova1, Alisa Krishtal1, Davide Ceresoli1,2, Michele Pavanello1

1) Department of Chemistry, Rutgers Univrtsity, Newark, NJ 07102, USA 
2) Consiglio Nazionale delle Ricerche, Istituto di Scienze e Tecnologie Molecolari (CNR-ISTM) via 

Golgi 19, 20133 Milan, Italy 

By partitioning the electron density into subsystem contributions, the Frozen Density 
Embedding (FDE) formulation of subsystem DFT has recently emerged as a powerful tool 
for reducing the computational scaling of Kohn–Sham DFT.

To date, however, FDE has been employed to molecular systems only. Periodic systems, 
such as metals, semiconductors, and other crystalline solids have been outside the 
applicability of FDE, mostly because of the lack of a periodic FDE implementation.

To fill in this gap, we developed a theoretical framework for periodic subsystem DFT and 
we implemented the method in Quantum-Espresso (QE) by adding an extra level of 
parallelism. We find that periodic FDE is capable of reproducing total electron densities and 
(to a lesser extent) also interaction energies of molecular systems weakly interacting with 
metallic surfaces.

Next, we then extended FDE to real-time TDDFT and implemented it in QE.
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Additional to the computational advantage, FDE provides physical insight into the 
properties of embedded systems and the coupling interactions between them. Two main 
applications are presented: the explicit excitation energy transfer in real time between 
subsystems is demonstrated for the case of the Na4 cluster and the effect of the embedding 
on optical spectra of coupled chromophores.

In particular, the importance of including the full dynamic response in the embedding 
potential is demonstrated.
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Symp. 16: Ab Initio Statistical Mechanics
Organized by Luca Ghiringhelli, Matthias Scheffler,  

Berand Smit
Poster Area F,G

S16 468

High-throughput prediction of two-dimensional materials

Nicolas Mounet1,2, Philippe Schwaller1, Andrea Cepellotti1,2, Giovanni Pizzi1,2,  
Ivano Eligio Castelli1,2, * Andrius Merkys1,2,3, Nicola Marzari1,2

1) Theory and Simulation of Materials (THEOS), Ecole Polytechnique Federale de Lausanne,  
CH-1015 Lausanne, Switzerland 

2) National Center for Computational Design and Discovery of Novel Materials (MARVEL), Ecole 
Polytechnique Federale de Lausanne, CH-1015 Lausanne, Switzerland 

3) Department of Protein-DNA Interactions, Vilnius University Institute of Biotechnology, V. A. 
Graiciuno 8, LT-02241 Vilnius, Lithuania 

Using density-functional theory and density-functional perturbation theory, we compute 
thermodynamical properties on a large number of known and novel two-dimensional 
structures that can be exfoliated from currently known layered materials. We present here 
the complete procedure, starting from an initial experimental bulk structure extracted from 
the ICSD crystallographic database[1] up to the computation of converged phonon 
dispersions. Two-dimensional candidates are screened thanks to an algorithm which checks 
for the absence of covalent bonds between adjacent layers as a prerequisite for exfoliation. 
The metallic or insulating character of the two-dimensional materials obtained, as well as 
their magnetic properties, are assessed by systematically computing their band structure 
and testing spin-polarized calculations with various initial spin configurations. Full atomic 
and cell relaxations are performed to get the ground state structural properties, and phonon 
dispersions are computed. The complete procedure, implemented within the AiiDA[2] 
platform, keeps the provenance tree of any property and ensures seamless reproducibility.

[1] http://www.fiz-karlsruhe.com/icsd.html
[2] G. Pizzi, A. Cepellotti, R. Sabatini, N. Marzari, and B. Kozinsky, arXiv:1504.01163 (2015), http://

www.aiida.net

S16 469

Embracing complexity: Ion diffusion in occupationally disordered 
Lithium-Titanium-Oxide battery materials

* Hendrik H. Heenen1, Saskia Stegmaier1, Christoph Scheurer1, Karsten Reuter1

1) Technische Universität München 

Lithium-titanium-oxide (LTO) materials are employed in lithium ion batteries as especially 
safe and long-living anode materials. To gain a deeper understanding of the electrochemical 



Ψk-2015

 Abstracts of  Poster Session 2 •  Tuesday, September 8,  2015 651

performance of this material, first-principles studies are necessary to give insight into the 
underlying ion transport processes and the microscopic structure [1]. However, the mixed 
occupancy of octahedral sites by Li and Ti ions already found in spinel-type Li4Ti5O12 LTO, 
challenges such a computationally demanding approach. Electronic structure theory only 
allows the treatment of small supercells which prevents an appropriate sampling of the 
existing occupation disorder, thus vastly oversimplifying the investigated system. This 
problem is addressed with a multiscale approach based on a forcefield we validated by 
density-functional theory. A thorough sampling of the configuration space of Li4Ti5O12 was 
conducted yielding a valid thermodynamic representation of the material in terms of the Li/Ti 
distribution. The implications from the variety of diffusion pathways resulting from the added 
complexity, can be assessed in detail via molecular dynamic simulations. Particular focus is 
hereby placed on the temperature dependent Li ion mobility as a function of the chemical 
environment within the investigated system.
[1] B. Ziebarth et al, Phys. Rev. B 89, 174301 (2014).

S16 470

Ab Initio kinetic Monte Carlo simulations  
of CO methanation on Rh(211)

* Mie Andersen1, Andrew J. Medford2, Thomas Bligaard2, Jens K. Nørskov2,  
Karsten Reuter1

1) Theoretical Chemistry, Technical University Munich, Germany 
2) SUNCAT Center for Interface Science and Catalysis, SLAC National Accelerator Laboratory and 

Department of Chemical Engineering, Stanford University, CA, USA 

Based on extensive Density Functional Theory (DFT) calculations we develop a lattice-
based kinetic Monte Carlo (kMC) model of CO methanation on Rh(211). Our model includes 
surface processes in form of adsorption, reaction and desorption as well as diffusion between 
the most stable adsorption sites of each adsorbate. Further, the model is extended to account 
for lateral interactions between the adsorbates.

Such interactions are believed to be crucial for the CO methanation reaction [1], and likely 
even more so when aiming to extend the reaction network to also consider C-C coupling 
mechanisms as in higher alcohol synthesis [2]. To this end, we develop a short-ranged 
cluster expansion covering nearest-neighbour interactions. For the kMC models with and 
without lateral interactions we compare the predicted coverages and turnover-frequencies to 
results obtained in a mean-field model based on the same DFT data. This allows to scrutinize 
the main approximations in the latter model in the form of an assumed rapid mixing of the 
adsorbates and a uniform distribution of all atomic and molecular species on the surface
[1] Lausche, A. C. et al., Journal of Catalysis 307, 275-282 (2013)
[2] Medford, A. J. et al., Topics in Catalysis 57, 135-142 (2014)
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S16 471

Universal distribution of magnetic anisotropy  
of impurities in ordered and disordered nanograins

* Attila Szilva1

1) Department of Physics and Astronomy, Materials Theory, Uppsala University 

We examine the distribution of the magnetic anisotropy (MA) experienced by a magnetic 
impurity embedded in a metallic nanograin. As an example of a generic magnetic impurity 
with partially filled d-shell, we study the case of d1 impurities imbedded into ordered and 
disordered Au nanograins, described in terms of a realistic band structure. Confinement of 
the electrons induces a magnetic anisotropy that is large, and can be characterized by 5 real 
parameters, coupling to the quadrupolar moments of the spin. In ordered (spherical) 
nanograins, these parameters exhibit symmetrical structures and reflect the symmetry of the 
underlying lattice, while for disordered grains they are randomly distributed and, - for stronger 
disorder, - their distribution is found to be characterized by random matrix theory. As a result, 
the probability of having small magnetic anisotropies is suppressed below a characteristic 
scale, which we predict to scale with the number of atoms by power of 3/2. This gives rise to 
anomalies in the specific heat and the susceptibility at the characteristic temperatures and 
produces distinct structures in the magnetic excitation spectrum of the clusters, that should 
be possible to detect experimentally. – Phys. Rev. B 91, 134421 (2015)
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S16 472

Ab initio modeling of magnetic and alloy phase transitions  
with high performance Wang-Landau + DFT calculations

* Markus Eisenbach1, Suffian Khan1, Ying-Wai Li1

1) Oak Ridge National Laboratory, Oak Ridge, TN 37831, USA 

Density functional calculations have proven to be a useful tool in the study of ground state 
properties of many materials. The investigation of finite temperature magnetism on the other 
hand has to rely usually on the use of mean field theories or on empirical models that allow 
the large number of evaluations of the system’s Hamiltonian to allow the phase space 
sampling needed to obtain physical observables as function of temperature. We have 
demonstrated a solution to this problem that harnesses the computational power of large 
massively parallel computers by combining a classical Wang-Landau Monte-Carlo calculation 
with our first principles multiple scattering electronic structure code (LSMS). 

Our WL-LSMS code shows exceptional scaling on current supercomputing architectures 
and the GPU implementation on Titan at Oak Ridge has demonstrated an 8.6x speedup over 
the CPU version, while at the same time resulting in a 7.3x saving in energy.

We have recently extended the method to also sample chemical order, allowing the first 
principles calculation of order/disorder phase transitions and phase separations in alloys. 
Finally, we will present results of this method for prototypical systems (CuZn, Cu3Au) as well 
as the application to magnetic high entropy alloys.

S16 473

The Role of Temperature on the Free Energy of Hydrogen in Iron

* Robert Horton1, Michael Finnis1

1) Imperial College London 

A key advance in the development of hydrogen resistant steels is the inclusion of defects 
(such as vacancies and carbides) within the steel matrix to act as traps for the hydrogen. 
The development of predictive mesoscopic models to aid in the design of these steels 
requires knowledge of the chemical potentials of hydrogen both in the bulk and within the 
traps as a function of temperature.The high concentrations and high mobility of hydrogen in 
these systems brings the validity of traditional atomistic approaches to the calculation of the 
free energy into question.

In recent years a number of Monte Carlo techniques have been developed [1,2] that allow 
the calculation of the full partition function and thus the free energy of the system. These 
techniques provide a promising route to calculating the free energy of systems containing high 
concentrations of defects [3].Through the application of these techniques to a system containing 
hydrogen in iron we show that they indeed allow one to calculate the free energy of such 
systems. Free energies calculated in this manner can then be included in mesoscale simulations.
[1] Wang, Fugao and Landau, D. P. (Mar 2001). Phys. Rev. Lett. (American Physical Society) 86 (10): 

2050*2053. 
[2] Skilling, J.Bayesian Analysis 1, 833*860 (2006). 
[3] Horton, R. M. et al. Journal of Physics. Condensed matter 25, 395001 (2013).
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S16 474

A first-principles investigation of Sn/Cu(001)

* Jong-Min Yun1, Ji-Hwan Lee1, Aloysius Soon1

1) Department of Materials Science and Engineering, Yonsei University, Seoul, South Korea 

Layer deposition of Sn on Cu(001) can give rise to a rich variety of surface reconstructions 
in the submonolayer to high surface coverage range of Sn [1]. To date, the explicit atomic 
geometry of high surface coverage structure of Sn/Cu(001) is still strongly debated. Thus, 
using density-functional theory coupled with the ab initio atomistic thermodynamics approach 
[2], we attempt to map out the ab initio surface phase diagram of the Sn/Cu(001) system, 
hopefully providing insight into the rich surface chemistry of this near-surface alloy system. 
In particular, we will present the binding energies, electronic structure (i.e. work function and 
simulated scanning tunneling microscope images [3]), and the atomic geometries of various 
interesting surface reconstructions of Sn on Cu(001) as a function of Sn surface coverage. 
Through this work, we aim to reconcile different experimental findings reported in past 
literature, and provide a more congruent picture of the Sn/Cu(001) system.
[1] M. Lahti, K. Pussi, E. McLoughlin, and A. A. Cafolla, Surf. Sci. 605, 1000 (2011)
[2] K. Reuter, M. Scheffler, Phys. Rev. B 65, 035406 (2001)
[3] J. Tersoff, D. R. Hamann, Phys. Rev. B 31, 805 (1985)

S16 475

Role of Spin States at finite Temperature in Oxygen  
Adsorption and Activation on Noble-Metal Clusters

* Weiqi Wang1, Luca M. Ghiringhelli1, Matthias Scheffler1

1) Fritz Haber Institute of the Max Planck Society 

The activation on (noble) metal clusters of a ligand molecule like oxygen is critical to reactions 
such as CO oxidation and olefin epoxidation. In realistic reaction processes at finite 
temperature, transient structures having their spin ground states different from those of 
stable structures could be formed. These transient structures, and not the global-minima 
stable structures, may promote the activation of the ligand molecule.

By means of replica-exchange (first-principles) molecular dynamics (REMD) and efficient 
Boltzmann-reweighting based methods (e.g., Weighted Histogram Analysis Method, WHAM, 
and discrete transition-based reweighting analysis method, dTRAM), noble-metal clusters 
with adsorbed atomic and molecular oxygen are studied at finite-temperature and different 
spin states. We show that the adsorption and activation of oxygen could benefit from the 
transient geometries, with spin states different from the ground state, that are available at 
finite temperature.

http://www.fiz-karlsruhe.com/icsd.html
http://www.aiida.net/
http://www.aiida.net/
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S16 476

Stabilization of CH2 on Ru(0001) by hydrogen co-adsorption  
at realistic temperature and pressure

* Xunhua Zhao1, Sergey V. Levchenko1, Matthias Scheffler1

1) Fritz Haber Institute of MPG, Berlin, DE 

Based on indirect experimental evidence, CH2 was proposed as the building block for 
hydrocarbon chain growth on the Ru(0001) surface during the Fischer-Tropsch (FT) process. 
However, previous calculations agreed that CH2 is not stable on Ru(0001), and should 
quickly convert into CH. Employing density functional theory, we show that this disagreement 
can be reconciled if co adsorbed hydrogen is present on the surface. All possible CHx+Hy 
configurations with adsorbates at hollow sites are calculated. CHx dissociation barriers are 
obtained using the string method. We further demonstrate, by calculating the surface phase 
diagram for one-carbon species on Ru(0001) as a function of H2 chemical potential, that the 
stablization of CH2 by co-adsorbed hydrogen requires non-equilibrium conditions. The 
calculated barrier for the CH2 dissociation in the presence of hydrogen is significantly 
increased, and is close to the one recently measured by vibrational sum-frequency generation 
spectroscopy [1]. Our results also explain why CH2 was not observed when C or CH are 
hydrogenated on Ru(0001), although it is observed after methane or methyl iodide (CH3I) 
decomposition. Furthermore, the role of CH2 in the chain growth mechanism under FT 
conditions is Investigated.
[1] H. Kirsch, X. Zhao et al., J. Catal. 320, 89 (2014)

S16 477

Ab initio description of the Ti bcc to ω  
transition at finite temperatures

* Dominique Korbmacher1, Albert Glensk1, Blazej Grabowski1, Andrew I. Duff2,  
Mike W. Finnis2, Jörg Neugebauer1

1) Max-Planck-Institut für Eisenforschung GmbH, DE-40237, Düsseldorf, Germany 
2) Department of Materials, Imperial College, 46812 Exhibition Road, London SW7 2AZ, United 

Kingdom 

Ti-based alloys are a technologically important class of structural materials. A detailed 
knowledge of their phase diagrams and transitions is important for optimizing the properties 
of these alloys. However, the occurrence of phases that become thermodynamically and 
dynamically stable only at high temperatures makes an ab initio computation of phase 
diagrams a challenging task.

We have therefore developed and applied an ab initio based methodology that allows 
to accurately compute free energies even of unstable phases. The method employs 
thermodynamic integration starting from a reference of optimized embedded atom 
potentials that were fitted to reproduce ab initio molecular dynamics data for a narrow 
volume and temperature range. We apply our technique to the hcp and bcc phases of 
pure Ti and compute their free energy up to the melting point. We predict a second order 
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phase transformation of the bcc phase at around 650 K upon lowering the temperature. 
A careful investigation of the molecular dynamics trajectories allows us to identify the low 
temperature phase as the technologically important hexagonal ω structure. Using our 
methods the hcp phase is correctly predicted to be the most stable one in the mid-
temperature regime.

S16 478

Ab-initio investigation on the interplay of elasticity and 
temperature

* Thomas Dengg1,2, Lorenz Romaner1, Vsevolod I. Razumovskiy1, Peter Puschnig2, 
Jürgen Spitaler1

1) Materials Center Leoben Forschung GmbH, Leoben, Austria 
2) University of Graz, Institute of Physics, NAWI Graz, Universitätsplatz 5, 8010 Graz, Austria 

Elastic properties are a key to understanding the mechanical behavior of solids. While it is 
rather straight-forward to obtain ab-initio elastic constants for 0K, the description of their 
temperature dependence is rather involved. We compare different methodologies for 
calculating temperature dependent elastic constants from first principles in terms of accuracy 
and computational cost, with gold and tungsten alloys as test systems. Moreover, we present 
a new method for obtaining thermal expansion using volume-dependent elastic constants. 
In agreement with the quasi-harmonic approximation, this method is able to describe 
correctly the increase of thermal expansion of W-Re alloys with Re content, while the 
standard Debye-Grüneisen approach fails in this system. Due to its considerably smaller 
computational cost, it is an attractive alternative to the quasi-harmonic approximation for 
determining thermal expansion of solids.

S16 479

Entropy-driven self-assembly of water from first-principles?

* Ville Loukonen1, Felix Kling2, Ralf Bechstein2, Peter Spijker1, Angelika Kühnle2, 
Adam Foster1

1) Department of Applied Physics, COMP Centre of Excellence, Aalto University, P.O. Box 11100, 
00076 Aalto, Espoo, Finland 

2) Institut für Physikalische Chemie, Johannes Gutenberg Universität Mainz, Duesbergweg 10-14, 
55099 Mainz, Germany 

Recently, we observed an interesting self-assembly of (sub)monolayer of water on calcite 
surface using non-contact atomic force microscopy. According to the experiments, in the 
perfect monolayer coverage of the calcite surface (CaCO3) each Ca2+ ion accommodates 
one water molecule. However, with submonolayer concentrations of water, water self-
assembles into a sparse but very regular pattern on the surface – rather than filling the 
surface in the dense manner but in smaller area. Here, we present a first-principles 
computational investigation of this observation. 
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On the PBE-D3/DZVP level of density functional theory, the denser monolayer packing is 
energetically slightly more favorable – both at zero and non-zero temperatures. However, if 
the difference in entropy between the two states is large enough and favors the sparse 
coverage, this state should prevail sooner or later. To find out whether or not the phenomenon 
is driven by entropy, we evaluate the entropy change from first-principles molecular dynamics 
simulations. 

Besides addressing this particular example of self-assembly, the results shed light on the 
surfacial confinement of water.

S16 480

The origin of anharmonicity in fcc solids

* Albert Glensk1, Blazej Grabowski1, Tilmann Hickel1, Jörg Neugebauer1

1) Max-Planck-Institut für Eisenforschung 

Most ab initio based computations on solids are performed at zero Kelvin or treat finite 
temperature effects approximately. We present a wide-range ab initio study of the 
thermodynamic properties of fcc elements (Al, Pb, Cu, Ag, Au, Pd, Pt, Rh, Ir and Ni) up to 
melting and show that it is crucial to include the usually neglected phonon-phonon interactions 
[1]. Anharmonic contributions are shown to be of the same order of magnitude as 
quasiharmonic corrections and electronic excitations. Analyzing our molecular dynamics, we 
identify a small set of principal coordinates that fully govern anharmonicity and that are 
closely related to nearest-neighbor atomic interactions. Based on this insight we propose an 
approximation that is based on local anharmonicity (LA). The proposed approach accurately 
reproduces the free energy over the whole temperature range to meV accuracy and is solely 
derived from a few T=0K calculations. Using the LA approximation as a reference for 
thermodynamic integration speeds up the convergence for all elements by generally more 
than two orders of magnitude in comparison to previously applied references. The new 
approach lays the basis for future computations of highly accurate free energies at a cost 
that is comparable to quasiharmonic calculations.
[1] A. Glensk, B. Grabowski, T. Hickel and Jörg Neugebauer, PRL, 2015.
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S16 481

Anharmonicity changes the solid solubility  
of a random alloy at high temperatures

* Nina Shulumba1,2, Olle Hellman1,3, Zamaan Raza1, Igor A. Abrikosov1, Magnus Oden1

1) Linkoping University 
2) Saarland University 
3) California Institute of Technology 

When discussing the solubility of a random alloy, the configurational entropy is always taken 
into account, but the effect of temperature associated with lattice vibrations often neglected, 
resulting in incorrect free energies. We have developed a method to accurately and efficiently 
determine the vibrational free energy as a function of temperature and volume for substitutional 
random alloys from first principles. Taking Ti1−xAlxN, Zr1−xAlxN and Hf1−xAlxN alloys as 
model systems, we calculate the total Gibbs free energy including the effect of anharmonicity 
on the vibrational free energy. We calculate the isostructural phase diagrams by finding the 
global minimum of the free energy, corresponding to the true equilibrium state of the system. 
We observe the miscibility gap decreases with a temperature if anharmonic effects are 
considered. We show that the origin of the effect comes from the temperature dependence 
of the force constants and phonon density spectra. 

S16 482

First-principles-based phonon calculations  
for chemically disordered magnetic  
crystalline alloys at finite temperatures

* Yuji Ikeda1, Fritz Körmann2, Atsuto Seko1, Atsushi Togo1, Jörg Neugebauer2,  
Isao Tanaka1

1) Kyoto University 
2) Max-Planck-Institut für Eisenforschung GmbH 

We develop a phonon calculation method for chemically disordered magnetic crystalline 
alloys at finite temperatures based on first-principles. We investigate fcc Fe0.75Pd0.25 and 
Fe0.75Pt0.25 binary disordered magnetic crystalline alloys using the present method and 
compare calculated phonons with experimental ones. The chemically disordered alloys are 
approximated using special quasirandom structures for magnetically fully ordered 
(ferromagnetic) and fully disordered (paramagnetic) states. Force constants from these two 
magnetic limiting states are calculated using a recently proposed symmetrization method. 
Force constants at finite temperatures are interpolated from these two limiting states using 
an interpolation method based on an effective magnetic Heisenberg Hamiltonian. The figure 
shows the phonon dispersion relations of the lowest-frequency branch along the [110] 
direction in reciprocal space at various temperatures for both the considered alloys. The 
calculated phonon dispersion relations at finite temperatures (green dotted curves) agree 
well with the experimental ones (black solid circles), especially below the Curie temperature. 
This result indicates that force constants at finite temperatures are well captured by the 
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present method. We also find that calculated phonon frequencies in magnetically fully 
disordered states (blue dashed curves) overestimate the experimental results above the 
Curie temperature. This reveals the crucial role of magnetic short-range order to accurately 
calculate phonon frequencies at finite temperatures.

S16 484

Random phase approximation up to the melting point:  
The impact of anharmonicity and many-body effects  
on the thermodynamics of Au

* Blazej Grabowski1, Stefan Wippermann1, Albert Glensk1, Tilmann Hickel1,  
Jörg Neugebauer1

1) Max-Planck-Institut für Eisenforschung GmbH 

Triggered by the Materials Genome Initiative the development of ab initio based materials 
databases has gained immense momentum. A crucial requirement is that the databases 
reliably provide quantitatively accurate data. However, the application of generalized-
gradient corrected functionals within standard density-functional theory results in a dramatic 
failure for e. g. the heat capacity of Au, leading to divergent thermodynamic properties well 
below the melting point.

Here we present an extension of the upsampled thermodynamic integration using 
Langevin dynamics (UP-TILD) technique to compute accurate finite temperature properties 
including many-body effects. We employ the random phase approximation (RPA) within the 
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adiabatic connection fluctuation dissipation (ACFD) framework, showing that the inclusion of 
many-body effects leads to a stabilization and to an excellent agreement with experiment. 
The study demonstrates the capabilities of the RPA – previously confined to T=0K – at finite 
temperatures.

S16 484

Study of the electrocaloric effect using  
a first-principles effective hamiltonian approach

* Madhura Marathe1, Claude Ederer1

1) Materials Theory, ETH-Zurich, Zurich, Switzerland 

The electrocaloric (EC) effect describes heating/cooling of a material on adiabatically 
applying/removing an external electric field. Currently, extensive work in this area is mainly 
motivated by its huge potential for solid-state cooling devices.

We have performed molecular dynamics simulations for a first-principles based effective 
Hamiltonian to study this effect. We compare two different approaches to obtain the EC 
temperature change ∆T. In the indirect approach, the change in polarization as a function of 
temperature is calculated for several applied fields, and then the change in temperature is 
determined by using a Maxwell relation. In the direct approach, simulations are performed in 
the microcanonical ensemble, which allows to directly examine the change in temperature 
of the system. We show that for bulk BaTiO3, ∆T calculated from the two methods compare 
well.

Further, we have determined the effect of strain on the EC temperature change in BaTiO3. 
With increasing misfit strain, there is increase in ∆T and the ∆T peak shifts towards higher 
temperatures. Therefore the strain can be utilized in two ways – (i) to enhance the temperature 
change, and (ii) to achieve a maximal effect in the temperature range of interest.

S16 485

Desorption of Functional Molecules from Metals:  
the Role of Fluctuations

* Reinhard Maurer1, Wei Liu2, Igor Poltavskyi2, Thomas Stecher3, Harald Oberhofer3, 
Alexandre Tkatchenko2, Karsten Reuter3

1) Yale University, New Haven, USA 
2) Fritz-Haber Institut der Max-Planck-Gesellschaft, Berlin, Germany 
3) Technical University Munich, Garching, Germany 

The prevailing working hypothesis in vacuum surface science is that finite-temperature 
effects do not significantly alter the equilibrium properties of molecules adsorbed to surfaces. 
In our work, we show this not to be the case for the adsorption geometry, energetics, and 
desorption temperature of the molecular switch Azobenzene on Ag(111). Comparing to 
experimental measurements, we find strong discrepancies to static Density-Functional 
Theory calculations, even with state of the art many body dispersion corrections. To properly 
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account for thermal fluctuations, we perform ab-initio molecular dynamics simulations 
yielding adsorption characteristics and, in a Blue Moon ensemble approach, the full 
desorption free energy profile and desorption temperature. In contrast, computationally 
more modest, typically employed approaches based on 0K geometries fail to capture the 
sizeable entropy of desorption and the correct desorption temperature.

Therefore, an accurate description of adsorbate interactions and entropies of adsorption 
in realistic functional hybrid metallic organic systems necessitates a full account of the 
inherent anharmonicity of adsorbate and substrate as well as an accurate description of 
dispersion interactions.

S16 486

Martensitic transformation in Ti-Ta: A first principles study

* Tanmoy Chakraborty1, Jutta Rogal1, Ralf Drautz1

1) ICAMS, Ruhr-Universitaet Bochum 

Titanium-Tantalum based alloys have recently become of interest as novel high temperature 
shape memory alloys (HTSMA) since these materials exhibit a martensitic transformation 
with a transformation temperature well above 350 K.

In our study we use density-functional theory (DFT) to study the stability and transformation 
between competing phases in Ti-Ta: the high temperature austenite beta phase, the low 
temperature martensite alpha\’\’ phase and the detrimental omega phase. The chemical 
disorder in Ti-Ta solid solutions is modelled by special quasirandom structures. To obtain the 
minimum energy path along the transformation between the phases as a function of 
composition we use the solid-state nudged elastic band method. Our results reveal a strong 
correlation between the change in relative stability of the martensite and austenite phase at 
T=0K and the transformation temperature. Furthermore, the predicted stability ranges of the 
involved phases are in good agreement with experimental findings. For an analysis at finite 
temperature we take into account vibrational and electronic contributions to the free energy.
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S16 487

Imaging single-molecule reaction intermediates stabilized by 
surface energy-dissipation and entropy

* Alexander Riss1, Alejandro Perez Paz2, Sebastian Wickenburg3, Hsi-Zon Tsai6, 
Dimas G. de Oteyza5, Aaron J. Bradley6, Miguel Moreno Ugeda3, Felix R. Fischer6, 
Michael F. Crommie3, Angel Rubio4

1) University of California, Berkeley, CA 94720, USA. Vienna University of Technology, 1040 Wien, 
Austria. 

2) Universidad del País Vasco UPV/EHU, 20018 San Sebastián, Spain. 
3) University of California Berkeley and the Lawrence Berkeley National Laboratory, Berkeley, CA 

94720, USA. 
4) Universidad del País Vasco UPV/EHU, 20018 San Sebastián, Spain. Max Planck Institute for the 

Structure and Dynamics of Matter and Center for Free-electron Laser Science (CFEL), Luruper 
Chaussee 149, 22761 Hamburg, Germany 

5) Centro de Física de Materiales CSIC/UPV-EHU, E-20018 San Sebastián, Spain 
6) University of California, Berkeley, CA 94720, USA 

We investigated the thermally-induced dimerization and subsequent cyclization of 1,2-bis(2-
ethynylphenyl)ethyne on Ag(100). Using noncontact atomic force microscopy (nc-AFM) we 
were able to image reaction intermediates, which normally escape observation using 
conventional techniques. To explain these findings, we carried out extensive computer 
calculations (geometry relaxations, thermochemistry, molecular dynamics, kinetic, and AFM 
simulations) that allowed us to make structural assignments. Our calculations further reveal 
why only certain intermediates are stabilized and therefore were imaged in our nc-
AFMexperiments. We concluded that the stability of intermediates is controlled by a complex 
interplay between selective energy dissipation to surface and the activation free energy 
barriers along the reaction pathway. Our results will be valuable for understanding complex 
organic reactions on surface.
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Symp. 17: Topological Insulators
Organized by David Vanderbilt, Ingrid Mertig

Poster Area B

S17 488

Topological Crystalline Insulator in a new Bi semiconducting 
phase

* Francisco Munoz1,2, Maia G. Vergniory3, Tomas Rauch4, Juergen Henk4, Eugene 
Chulkov3,5,6, Ingrid Mertig4,7, Silvana Botti8,9, Miguel Marques4,9, Aldo Romero10

1) Facultad de Ciencias, Universidad de Chile, Chile 
2) CEDENNA, Santiago, Chile 
3) Donostia International Physics Center (DIPC), San Sebastian/Donostia, Basque Country, Spain 
4) Institute of Physics, Martin Luther University Halle-Wittenberg, Halle, Germany 
5) Tomsk State University, pr. Lenina 36, Tomsk, 634050 Russia 
6) Departamento de Fisica de materiales, Facultad de Ciencias Quimicas, UPV/EHU and Centro 

de Fisica de Materiales, Centro Mixto CSIC-UPV/EHU, San Sebastian/Donostia, Spain 
7) Max-Planck-Institut of Microstructured Physics, Halle, Germany 
8) Institut für Festkörpertheorie und -optik, Friedrich-Schiller-Universität Jena, Jena, Germany 
9) Institut Lumiere Matiere, UMR5306 Universite Lyon 1-CNRS, Villeurbanne Cedex, France 
10) Physics Department, West Virginia University, Morgantown, West Virginia, USA 

In this contribution, by means of structure prediction calculations, we report a new 
semiconducting phase of Bi with a bulk band gap of 160 meV which is a topological crystalline 
insulator with mirror Chern number -2 and trivial Z2 invariant. This Bi lattice is therefore a 
topological crystalline insulator, but not a strong topological insulator. It displays 2 mirror 
planes and the band structure shows two non-trivial surface states at the {001}-surface at 
each of the mirror lines. Because topological protection comes from the crystal symmetry, 
magnetic impurities or magnetic fields perpendicular to the mirror plane are not expected to 
open a gap in the surface states in topological crystalline insulators. Instead, the gap can be 
open with a perpendicular electric field or by applyong strain. Considering the outstanding 
properties of Bi and the fact that its surface states are topologically protected, this discovery 
opens a new gate to topological electronics and spintronics applications.
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S17 489

Nontrivial Z2 topology in bismuth-based III-V compounds

* Huaqing Huang1, Jianpeng Liu2, Wenhui Duan1

1) Department of Physics and State Key Laboratory of Low-Dimensional Quantum Physics, 
Tsinghua University, Beijing 100084, China 

2) Department of Physics and Astronomy, Rutgers University, Piscataway, New Jersey 08854-0849, 
USA 

Realizing topological insulators in commonly used III-V semiconductors is of great importance 
for their potential application in spintronics and quantum computing. Here we propose a 
general strategy to realize topological insulators in conventional III-V semiconductors by 
bismuth substitution and external strain. Based on first-principles calculations, we identify 
that AlBi (GaBi and InBi) become topological insulators (semimetals) under proper external 
strain by directly calculating Z2 invariants and surface states. Furthermore, we demonstrate 
that a topological phase transition can be induced by Bi substitution in common III-V 
semiconductors like GaAs. These proposed topological insulators can be easily integrated 
into various semiconductor electronic devices and modulated by well-developed modern 
semiconductor technologies.

S17 490

First-principles study of interfaces between  
topological insulators and normal insulators

* Hyungjun Lee1, Oleg V. Yazyev1

1) Institute of Theoretical Physics, École Polytechnique Fédérale de Lausanne (EPFL), CH-1015 
Lausanne, Switzerland 

Topology in condensed matter clearly manifests itself in emergent topologically protected 
boundary modes at interfaces between two materials belonging to different topological 
classes. So far, most theoretical and experimental studies on topological insulators have 
been devoted to surfaces, that is interfaces between topological insulators and vacuum. In 
this study, based on ab initio density-functional calculations combined with many-body 
perturbation theory within the GW approximation, we report a theoretical investigation of two 
experimentally realized heterojunctions composed of topological insulators and normal 
insulators. Namely, we investigate the nearly lattice-matched Bi2Se3(0001)/InP(111) and 
Bi2Te3(0001)/BaF2(111) interfaces. We calculate the valence- and conduction-band offsets 
for these heterojunctions and investigate the interface states focusing on the spin-polarized 
Dirac fermion states and their spin textures. These results provide a deeper understanding 
on topologically nontrivial interface states in solid-state devices based on topological 
insulators.
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S17 491

Topological band structure of InAs, InSb and their ternary  
alloys under hydrostatic lattice expansion

* Shirin Namjoo1, Amir S. H. Rozatiana1, Iraj jabbari1, Peter Puschnig2

1) University of Isfahan 
2) Karl-Franzens-Universitaet Graz 

Topological insulators are materials which have a bulk band gap generated by strong spin-
orbit coupling, but contain gapless surface states. Some materials are not in a topologically 
nontrivial phase in their native states, but become topological insulators or semiconductors 
under strained conditions. We have investigated the band structure of InAs, InSb and InAsxSb1-x 
(x=0.25, 0.5, 0.75) alloys using density functional theory by employing the Wien2k package 
including spin-orbit interactions (see Fig. 1). Utilizing the modified Becke-Johnson functional 
due to Tran et al., the band gaps of InSb, InAs0.25Sb0.75, InAs0.5Sb0.5, InAs0.75Sb0.25 and InAs are 
0.12 eV, 0.082 eV, 0.0484 eV, 0.196 eV and 0.42 eV respectively. We have further studied how 
the application of hydrostatic lattice expansion affects the band structure of InAsSb alloys. We 
find that the application of a moderate strain leads to a topologically nontrivial state, where the 
lowest expansion is needed for InSb, InAs0.25Sb0.75, InAs0.5Sb0.5. Due to tetragonal symmetry in 
InAs0.5Sb0.5 a small gap opens at the Gamma point due to cubic symmetry breaking.
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S17 492

First-principles study on cubic pyrochlore  
iridates Y2Ir2O7 and Pr2Ir2O7

* Fumiyuki Ishii1, Yo Pierre Mizuta2, Takehiro Kato2, Taisuke Ozaki3,  
Hongming Weng4, Shigeki Onoda5

1) Faculty of Mathematics and Physics, Institute of Science and Engineering, Kanazawa University, 
Kanazawa, 920-1192, Japan 

2) Graduate School of Natural Science and Technology, Kanazawa University, Kanazawa, 920-
1192, Japan 

3) Institute for Solid State Physics, The University of Tokyo, Kashiwa 277-8581, Japan 
4) Beijing National Laboratory for Condensed Matter Physics, and Institute of Physics, Chinese 

Academy of Sciences, Beijing 100190, China 
5) Condensed Matter Theory Laboratory RIKEN AND RIKEN Center for Emergent Matter Science, 

Wako 351-0198, Japan 

Pyrochlore iridates have attracted great interest for experimental observations of a chiral 
spin liquid state below 1.4 K and of possible underscreened Kondo effects around 20 K for 
Pr2Ir2O7 and insulator-semimetal transitions for Y2Ir2O7. In our study[1], we have performed 
extensive fully relativistic LSDA and LSDA+U electronic structure calculations on Y2Ir2O7 
and Pr2Ir2O7 (with Pr being replaced with La). With increasing U, a transition from a 
paramagnetic semimetal to an all-in, all-out topologically non-trivial AF semimetal, and to 
all-in, all-out topologically trivial Mott insulator occurs. A choice of U=1.3eV explains 
experiments on a narrow-gap AF insulator for Y2Ir2O7 and a paramagnetic semimetal close 
to an onset of the AF order for Pr2Ir2O7. In the case of U =0 for Pr2Ir2O7, we demonstrate 
that decreasing the trigonal compression of IrO6 octahedra, as basically achieved by 
changing A-site elements, drives successive transitions to the Fermi-point semimetal of an 
electron and a hole quadratic bands, and then to a cubic Z2 topological band insulator. [1] F. 
Ishii et al., arXiv:1505.02391.

S17 493

Topological description of bcc Fe with  
Fermi-surface Chern numbers

* Daniel Gosálbez-Martínez1,2, Ivo Souza1,3, David Vanderbilt4

1) Centro de Física de Materiales, Universidad del País Vasco, 20018 San Sebastián, Spain 
2) Donostia International Physics Center, 20018 San Sebastián, Spain 
3) Ikerbasque Foundation, 48013 Bilbao, Spain 
4) Department of Physics and Astronomy, Rutgers University, Piscataway, New Jersey 08854-8019, 

USA 

Topological metals are characterized by the presence of disconnected Fermi surface (FS) 
sheets with nonzero Chern numbers. This requires breaking PT symmetry, the combination 
of spatial inversion (P) with time-reversal (T). Under these conditions most degeneracies are 
lifted, except for isolated band touchings and nodal rings on mirror planes. The isolated 
band-touching points cannot be easily removed, and act as monopole sources and sinks of 
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Berry curvature, which in turn gives rise to the intrinsic anomalous Hall conductivity (AHC) 
in T-broken metals. The Chern number of each individual FS sheet is given by the net 
enclosed topological charge. Here we show that when the effect of spin-orbit coupling is 
taken into account ferromagnetic bcc iron becomes a P-invariant, T-broken topological 
metal. We carry out a systematic search for band touchings in the Brillouin zone using first-
principles methods. We find numerous chiral degeneracies, mostly Weyl points but also 
double-Weyl nodes. Nevertheless, most FS sheets are topologically trivial for symmetry 
reasons. The exceptions are two small mirror-symmetric electron pockets on the Δ line 
parallel to the magnetization. Each of them encloses a single Weyl node, leading to Chern 
indices of ±1.The contribution of these two pockets to the AHC is given by their reciprocal-
space separation.

S17 494

Electronic and topological properties of silicene,  
germanene and stanene

* Friedhelm Bechstedt1, Lars Matthes1, Olivia Pulci2

1) Friedrich-Schiller-Universitaet Jena 
2) Universita 

The graphene-like, but Si-, Ge-, or Sn-derived group-IV honeycomb crystals have attracted 
much attention due to their unique properties and their recent realization as adsorbats in 
experiments. We study their electronic and topological properties by means of solutions of 
the generalized Kohn-Sham equations including spin-orbit interaction. The topological 
invariants are calculated using two different approaches In particular, the influence of external 
vertical electric fields and confinement effects in nanoribbons are investigated. The 
importance of spin-orbit interaction is identified. We find a transition between topological and 
trivial insulator versus field strength. Topological metallic edge states appear, if the edges 
are non-magnetic.

S17 495

Graphene-like Dirac states and Quantum Spin Hall Insulators  
in the square-octagonal MX2 (M=Mo, W; X=S, Se, Te) Isomers

* Yan Sun1, Claudia Felser1, Binhai Yan2

1) Max Planck Institute for Chemical Physics of Solids, 01187 Dresden, Germany 
2) Max Planck Institute for Chemical Physics of Solids, 01187 Dresden, Germany; Max Planck 

Institute for the Physics of Complex Systems, 01187 Dresden,Germany 

We studied the square-octagonal lattice of the transition metal dichalcogenideMX2 
(withM=Mo,W; X=S, Se and Te), as an isomer of the normal hexagonal compound of MX2. 
By band structure calculations, we observe the graphene-like Dirac band structure in a 
rectangular lattice of MX2 with nonsymmorphic space group symmetry. Two bands with van 
Hove singularity points cross each at the Fermi energy, leading to two Dirac cones that 
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locates at opposite momenta. Spin-orbit coupling can open a gap at these Dirac points, 
inside which gapless topological edge states exists as the quantum spin Hall (QSH) e ect, 
the 2D topological insulator.

S17 496

Topological states in $\alpha$-Sn and HgTe quantum wells: 
comparative ab initio studies

* Sebastian Kuefner1, Bechstedt Friedhelm1

1) Friedrich-Schiller-Universitaet Jena 

Quantum well (QW) structures based on HgTe are theroretically predicted and experimentally 
verified to exhibit the quantum-spin Hall (QSH) phase. Despite the similarities of the bulk 
band structures, studies of α-Sn QW structures are missing. We compare the properties of 
QW structures made by the zero-gap semiconductors and strong topological insulators α-Sn 
and HgTe, but both sandwiched in nearly lattice-matched CdTe barriers by means of first-
principles calculations including quasiparticle corrections and spin-orbit interaction. The two 
well materials possess different space groups O7h (α-Sn) and T2d (HgTe). The most 
important spin-orbit interaction is different due to the contribution of both atoms in the unit 
cell (α-Sn) and mainly the anion (HgTe). The topological transition between trivial insulator 
and the QSH phase is studied versus the QW thickness. Special care is taken for the real 
structure, e.g. the different local electrostatic properties due to the different bonding character 
in the QW layers and their interfaces with the CdTe barrier material. We investigate the 
similarities and differences of the two embedded zero-gap semiconductors concerning the 
formation of quantum-well, edge and interface states. The localization and spin polarization 
of topological states is studied in detail.

S17 497

Ab-initio investigation of quasiparticle spin-interference  
on the topological insulator Bi2Te3

* Philipp Rüßmann1, Phivos Mavropoulos1, Nguyen H. Long1, Stefan Blügel1

1) Peter Grünberg Institut and Institute for Advanced Simulation, Forschungszentrum Jülich and 
JARA, D-52425 Jülich, Germany 

The scattering properties of topological insulators (TIs) have been of high interest in solid 
state physics in the recent years. These materials have topologically protected surface 
states that exhibit spin-momentum locking and if additionally time-reversal symmetry is 
preserved, backscattering is forbidden.

Experimentally, information on electron scattering phenomena at surfaces is gained 
through quasiparticle interference (QPI) patterns measured with scanning tunneling 
spectroscopy [1]. For a theoretical understanding of QPI, the spin polarization of the scattered 
electrons must be accounted for.
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In this contribution we present density-functional calculations of the QPI due to scattering 
of electrons off magnetic and non-magnetic impurities at the surface of the strong topological 
insulator Bi2Te3. Possible spin-dependent scattering processes and their relation to the QPI 
pattern observed in experiment are analyzed. Additionally, by including the calculated 
scattering amplitudes from first principles, the widely used joint density of states approximation 
[1] is treated more accurately than in earlier works [1] to understand the QPI patterns on TIs.

The electronic structure and scattering amplitude calculations are carried out within the 
full potential relativistic Korringa-Kohn-Rostoker-Green function method [2].
[1] P. Roushan et al., Nature 460, 1106-1109 (2009)
[2] N. H. Long et al., PRB 90, 064406 (2014)

S17 498

An efficient way for designing back-scattering protected  
and highly-localized spin-helical states by coupling  
between Dirac and Rashba states

* Sergey Eremeev1,2,3,4, Stepan Tsirkin2,3,4, Ilya Nechaev2,3, Pedro Echenique3,5,6, 
Evgueni Chulkov2,3,4,5,6

1) Institute of Strength Physics and Materials Science, 634021, Tomsk, Russia 
2) Tomsk State University, 634050, Tomsk, Russia 
3) Donostia International Physics Center (DIPC), 20018 San Sebastian/Donostia, Basque Country, 

Spain 
4) Saint Petersburg State University,Saint Petersburg, 198504, Russia 
5) Departamento de Fisica de Materiales UPV/EHU, Facultad de Ciencias Quimicas, UPV/EHU, 

Apdo. 1072, 20080 Sebastian/Donostia, Basque Country, Spain 
6) Centro de Fisica de Materiales CFM - MPC, Centro Mixto CSIC-UPV/EHU, 20080 San 

Sebastian/Donostia, Basque Country, Spain 

Over the past few years, great attention is paid to 2D electron systems that hold helical 
electron states induced by spin-orbit interaction (SOI), such as giant-Rashba-split states, 
resided in BiTeX (X=Cl,Br,I) or Dirac states in topological insulators (TIs). Another material 
supporting the Dirac state is graphene. In graphene spintronics many efforts were made to 
realize a robust control of electron spins by, e.g., magnetoelectric coupling or SOI. Being 
very promising ingredients in themselves, interplaying Dirac and Rashba systems can 
provide a base for next generation of spintronics devices. We demonstrate that graphene@
BiTeCl system possess spin-helical graphene Dirac states caused by the strong interaction 
of the graphene and Rashba electrons. In the context of spintronics applications this system 
can come up to take the place of TIs in a rich variety of devices. The coupling of the giant 
Rashba state with topological Dirac state realized in BiTeI@PbSb2Te4 system can result in 
formation of weakly- and strongly-coupled Dirac-Rashba hybrid systems depending on 
interface stacking. In the strongly-coupled regime, a helical state substituting for the TI 
surface state appears. This new state is characterized by a larger momentum, similar 
velocity, and strong localization. We anticipate that our findings pave the way for designing 
a new type of spintronics devices based on Rashba-Dirac coupled systems.
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S17 499

Topological origin of the electron and hole pockets in WTe2

* Lukas Muechler1, Wei Hu2, Titus Neupert1, Lin Lin2, Roberto Car1

1) Princeton University 
2) Lawrence Berkeley National Lab 

WTe2 is a recently discovered material that shows an extremely large, non-saturating 
magnetoresistance (MR) with values up to 13 million percent at 60 T and 0.53 K. It has been 
argued that the non-saturation of this effect is due to almost perfectly compensated electron 
and hole pockets, whereas the extremely large value of the MR is due to the very high 
mobilities of the pockets, which hints towards some mechanism that leads to the suppression 
of backscattering

We present arguments that the electron and hole pockets in WTe2 can be understood by 
the topologically non-trivial nature of a monolayer. Coupling layers naturally leads to the 
emergence of electron and hole pockets that are perfectly compensated and have protection 
from backscattering due to a pseudo-spin texture. We furthermore elaborate on experimental 
signatures that could be used to verify this mechanism.
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S17 500

Topologically Non-trivial Phase Induced  
in Phosphorene Oxide by Tensile Strain

* Seoung-Hun Kang1, Jejune Park1, Sungjong Woo2, Young-Kyun Kwon1

1) Kyung Hee University, Seoul, Korea 
2) Korea Institute for Advanced Study 

Phosphorene, a new two-dimensional material produced by the exfoliation of black 
phosphorus. it may be extremely reactive with oxygen because of the existence of a lone 
pair of electrons on each phosphorous atom. Using DFT, we investigate the structural 
stability and electronic properties of phosphorene oxides (PO//x//) with different oxygen 
compositions //x//. With the equilibrium configurations, it is observed that the band gap tends 
to increase with the oxygen composition of //x// < 0.5, and then to decrease with //x// > 0.5. 
We further explore the strain effect on the electronic structure of the fully oxidized 
phosphorene, PO, with //x// = 1. [(a)] At a particular strain without spin-orbit coupling (SOC) 
is observed a band gap closure [(b)] originated from an interesting band inversion near the 
Γ point. The strain in tandem with SOC induces the band inversion with a reopened very 
small band gap (~5 meV), and thus gives rise to a topological quantum phase transition from 
a normal insulator to a topological insulator. Such a topological phase transition is confirmed 
by the wave function analysis and the band topology identified by the //Z//2 invariant 
calculation.
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S17 501 

Many-body effects in two-dimensional spintronic  
systems realized by coupling of Rashba and Dirac fermions

* Stepan S. Tsirkin1,3,4, Sergey V. Eremeev2,3,4, Ilya A. Nechaev1,3,  
Evgueni V. Chulkov1,3,4,5

1) Donostia International Physics Center, Basque Country, Spain 
2) Institute of Strength Physics and Materials Science, Tomsk, Russia 
3) Tomsk State University, Russia 
4) St.-Petersburg State University, Russia 
5) Departamento de Fisica de Materiales UPV/EHU, Centro de Fisica de Materiales CFM - MPC 

and Centro Mixto CSIC-UPV/EHU, San Sebastian/Donostia, Basque Country, Spain 

The interest to two-dimensional electron systems containing helical electron states, such as 
giant-Rashba-split or topological Dirac states, is constantly increasing. Novel physics 
predicted to occur in such systems motivate an active search for new materials or 
unprecedented combinations of the already revealed systems. Interplaying Dirac and 
Rashba electron systems can provide a base for next generation of spintronics devices, by 
mixing their striking properties or by improving some characteristics of each other, which are 
thought to be technically significant.

Here we investigate the plasmonic excitations and lifetimes of eletronic states in weakly- 
and strongly-coupled Dirac-Rashba hybrid 2D system. Recent DFT calculations showed, 
that such systems can be realized, e.g. in by deposition of a trilayer of BiTeI on top of the 
topological insulator (TI) PbSb2Te4. Here we perform the calculations in the RPA approximation, 
while the electronic system is described by a combination of Kane-Mele and Rashba 
Hamiltonians. We demonstrate, that in the strongly-coupled regime, the hybridization of the 
Rashba and Dirac states modifies their initial spectra in such a way that the Coulomb 
screening is sustantially reduced and the plasmon excitation is pushed from far- into long-
infrared region.

We anticipate that our findings pave the way for designing a new type of spintronics 
devices based on coupled Rashba and Dirac helical systems.

S17 502

Dirac semi-metal in the new phase of Ge and Sn

* Wendong Cao1,2, Peizhe Tang3, Wenhui Duan1,4, Angel Rubio2,5

1) Department of Physics and State Key Laboratory of Low-Dimensional Quantum Physics, 
Tsinghua University, Beijing 100084, People’s Republic of China 

2) Nano-Bio Spectroscopy Group and European Theoretical Spectroscopy Facility (ETSF), 
Universidad del País Vasco CFM CSIC-UPV/EHU-MPC DIPC, 20018 San Sebastián, Spain 

3) Department of Physics, Stanford University, Stanford, CA 94305, USA 
4) Institute for Advanced Study, Tsinghua University, Beijing 100084, People’s Republic of China 
5) Max Planck Institute for the Structure and Dynamics of Matter, Hamburg, Germany 

As a new state of topological quantum matter, three-dimensional (3D) Dirac semi-metals 
(SMs) attract a lot of attention recently because of their exotic physical properties and novel 
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application potential. Here, by using the density functional theory and ab initio tight binding 
calculations, we predict new metastable allotropes of germanium and tin in staggered 
layered dumbbell structure (named as germancite and stancite) to be topological Dirac SMs, 
which have a pair of 3D Dirac points (DPs) on the axis of the C3 rotation. Similar to the 
discovered Dirac SMs, such as Na3Bi and Cd3As2, we find the non-trivial Fermi arcs in 
germancites and stancites on the surfaces parallel to the rotation axis. By tuning the Fermi 
level, the hybridization between Fermi arcs and other surface states (SSs) leads to Lifshitz 
transitions in the momentum space. More importantly, we discover the quantum thin films of 
germancite as 2D topological insulators without external electric fields; and predict that the 
ultrahigh mobility and giant magnetoresistance can also be achieved in these compounds 
due to the 3D linear dispersion. This work presents a new approach to integrate topological 
properties into the modern semiconductor devices.

S17 503

Maximally localized Wannier functions  
for topological bands in arbitrary dimensions

* Georg Winkler1, Alexey Soluyanov1, Matthias Troyer1

1) ETH Zürich 

Construction of exponentially localized Wannier functions (ELWF) for a set of bands requires 
a choice of Bloch-like functions that span the space of the bands in question, and are smooth 
and periodic functions of $k$ in the entire Brillouin zone. For bands with nontrivial topology, 
such smooth Bloch functions (SBF) are bound to break symmetries protecting the topology. 
Symmetry breaking alone is not sufficient for smoothness, and, in general, finding SBF for 
topological bands is a nontrivial task. We present a generic technique for finding SBF and 
constructing ELWFs in the presence of nontrivial topology, given that the net Chern number 
vanishes. Our approach is based on constructing a gapped interpolation path between a 
topologically trivial band structure, with known ELWFs (typically without spin-orbit coupling), 
and the topological one. This gapped path only exists when the symmetries protecting the 
topology are broken. At each step along the path a new set of ELWFs is constructed by 
projecting Bloch states onto the ELWFs from the previous step. As a result, both SBFs and 
ELWFs are found for the topological bands. We apply our technique to Bi$_2$Se$_3$, 
showing that its topological state is equally protected by two symmetries: time reversal and 
inversion.

S17 504

Making a practical topologica insulator of graphene

* Taher Amlaki1, Paul J. Kelly1

1) University of Twente 

Graphene was the first material proposed to be a topological insulator but the spin-orbit 
splitting at the Dirac point is only 0.001 meV, too weak to be observed. We use density 
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functional theory to study the possibility of inducing a larger spin-orbit splitting by letting the 
graphene pz orbitals hybridize with a suitable substrate. MX2 transition metal (M=Mo, W) 
dichalcogenides (X=S, Se, Te) form semiconducting compounds with atomically thin M 
layers sandwiched between two atomic X layers; these trilayer sandwiches bond weakly to 
form three dimensional layered materials. The spin-orbit splitting at the K point depends on 
M and X and can be sizeable. We determine the equilibrium separation of graphene on MX2, 
how the Dirac point in graphene lines up in the semiconducting bandgaps, and then examine 
how the spin-orbit coupling (SOC) induced gap depends on M and X. Surprisingly, it depends 
more strongly on M than on X. It can be as large as ~4 meV (50 K) for equilibrium separations 
and be increased by the application of modest uniaxial pressure. We show that the 
MX2|Gr|MX2 system is a Z2 topological insulator.

S17 505

Quasiparticle surface band structure  
of the topological insulator Bi2Se3

* Tobias Förster1, Peter Krüger1, Michael Rohlfing1

1) Institute for Solid State Theory, University of Münster, Germany 

Bi2Se3 is a prototype topological insulator. Its simple surface band structure with only one 
Dirac point makes it an ideal system for exploring the properties of topological surface states. 
Up to now, the vast majority of theoretical investigations of the electronic structure of Bi2Se3 
has utilized DFT calculations. In Bi2Se3 and related compounds, however, many body 
perturbation theory in the GW approximation yields both quantitative and qualitative 
quasiparticle corrections of the DFT bulk band structures [1].

Here, we discuss results for Bi2Se3 from GW calculations employing a localized basis as 
well as from a perturbative LDA+GdW approach [2]. The latter provides a numerically very 
efficient method for the calculation of quasiparticle corrections with only slightly reduced 
precision compared to GW, making a calculation of the quasiparticle band structure of the 
Bi2Se3 surface feasible. Compared to DFT calculations, our results show significantly 
improved agreement with ARPES measurements of the surface band structure.
[1] I. Aguilera et al., Phys. Rev. B 88, 045206 (2013)
[2] M. Rohlfing, Phys. Rev. B 82, 205127 (2010)
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S17 506

Z2Pack - automating the search for band structure topologies

* Dominik Gresch1, Alexey Soluyanov1, David Vanderbilt2, Gabriel Autes3,  
Oleg Yazyev3, Davide Ceresoli4, Matthias Troyer1

1) ETH Zurich 
2) Rutgers University 
3) EPF Lausanne 
4) CNR-ISTM 

We present a general technique for capturing various non-trivial topologies in the band 
structure of materials. The technique is aimed at insulators and semimetals. Of insulators, 
Chern, Z2, and crystalline topological insulators can be identified. Of semimetals, the 
technique captures non-trivial topologies associated with the presence of Weyl and Dirac 
points in the spectrum. It can also be used for identifying some new kinds of topological 
semimetals, examples of which will be provided. A public software package -- Z2Pack -- 
based on this technique will be presented. Z2Pack is an easy-to-use, well documented 
Python package that computes topological invariants and illustrates non-trivial features of 
Berry curvature. It works as a post-processing tool with all major first-principles codes, as 
well as with tight-binding models.

S17 507

Electron-Phonon Interaction in Surface States  
of Topological Insulators

* Rolf Heid1, Irina Yu. Sklyadneva2, Eugine V. Chulkov2

1) Institute for Solid State Physics, Karlsruhe Institute of Technology, Karlsruhe, Germany 
2) Donostia International Physics Center, San Sebastian/Donostia, Spain 

Transport through the metallic 2D surface states of 3D topological insulators with a Dirac-
like dispersion is controlled by many-body interactions. In particular, a large electron-phonon 
interaction could be a limiting factor for applications at elevated temperatures [1]. Previous 
experimental investigations of the electron-phonon coupling remained inconclusive as the 
derived coupling strengths exhibited large variations ranging from <0.1 to 3 [2].

Here we present a first principles investigation of the electron-phonon interaction in 
surface states of topological insulators within density-functional perturbation theory including 
spin-orbit interaction [3], using Bi2Se3 as the prime example. We discuss the various 
challenges faced by this approach, such as the rather deep penetration of the surface state 
and the small momentum range of both electronic and phononic states relevant for the 
coupling. We find that the coupling strength exhibits a significant dependence on the binding 
energy, following essentially the available electronic phase space. We further investigate the 
variation of the coupling with doping to mimic typical experimental conditions.
[1] D. Kim et al., Phys. Rev. Lett. 109, 166801 (2012)
[2] X. Zhu et al., arXiv: 1307.4559
[3] R. Heid et al., Phys. Rev. B 81, 174527 (2010)
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S21 508

Understanding the configurational effects in CZTS solar cells

* Sriram Poyyapakkam Ramkumar1,2, Anna Miglio1,2, Yannick Gillet, David 
Waroquiers1,2, Michiel Van Setten1,2, Geoffroy Hautier1,2, Gian-Marco Rignanese1,2

1) Université Catholique de Louvain, Belgium 
2) European Theoretical Spectroscopy Facility (ETSF) 

Over the last decade, copper zinc tin sulfide (CZTS) has attracted increasing interest for thin 
film photovoltaics. Its laboratory efficiency has already reached around 12.6% as recently 
presented by IBM researchers [1]. Enhancing its efficiency seems to be a great challenge 
mainly because the atomic nature of this material is not yet fully understood. One possible 
explanation is related to the actual structure of the synthesized CZTS. Theoretical predictions 
indicate the formation of phases that are energetically close to each other [2,3] which may 
possess different properties. Here, we investigate the thermodynamic and electronic 
properties of the ensemble of phases. Furthermore, we present the vibrational properties, 
which proves to be an important tool for characterizing phases whose energy differences are 
in the order of meV and in particular show the effect of cation disorder on Raman spectra.
[1] W. Wang, M.T. Winkler, O. Gunawan, T. Gokmen, T.K. Todorov, Y. Zhu and D.B. Mitzi, Adv. Energy 

Mat. 4, 1301465 (2014).
[2] S.Chen, X.G. Gong, A. Walsh and S.H.Wei, Appl. Phys. Lett. 94, 041903 (2009).
[3] J.Paier, R. Asahi, A. Nagoya, G.Kresse, Phy. Rev. B 79, 115126 (2009).
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S21 509

A local structural investigation of Methylammonium  
Lead Iodide and its layered derivatives

* Riza Dervisoglu1, Karol Jarolimek1, Wouter Franssen1, Arno P. M. Kentgens1,  
Gilles A. de Wijs1

1) Radboud University 

Recent developments in solar cells with organic perovskite materials yield high efficiency of 
electric current generation with relatively cheap and simple materials. The studies by Liu et 
al. (Nature 501, 395–398 (2013)) and Burschka et al. (Nature 499,316– 319(2013)) have 
achieved conversion efficiencies as high as 15%. These solar cells make use of a perovskite 
type material, Methylammonium Lead Halide (MALH), as an ambipolar transport medium for 
the light generated holes and electrons. There has been a great amount of research (Giorgi 
et al., The Journal of Physical Chemistry Letters 2013, 4 (24), 4213-4216.; Choi et al., Nano 
Lett. 2013, 14 (1), 127-133.) on the MALH since these new solar cells have appeared. 
However the mechanism of the ambipolar transport is still unknown. Moreover, the MALH is 
a I,II-halide type of perovskite, different from the traditional II,IV-oxide and I,V-oxide types. 
This type of perovskite is not investigated as widely as the traditional ones. Here, we 
investigate the layered derivatives of the MALH, namely Brownlillerite type of configurations. 
To this end we conduct a computational morphological investigation of MALH and its layered 
derivatives by computational DFT, DOS and GIPAW NMR calculations.
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S21 510

Towards a hybrid perovskite-based spintronics?  
Theoretical inspections

* Mikaël Kepenekian1, Claudine Katan1, Daniel Sapori2, Laurent Pedesseau2,  
Jacky Even2

1) ISCR, Université de Rennes 1 - CNRS 
2) FOTON, INSA de Rennes 

We use symmetry analysis, density functional calculations and k.p modeling to scrutinize 
Rashba and Dresselhaus effects in hybrid organic-inorganic halide perovskites. This class 
of perovskite currently acts as the superstar of photovoltaic technology. Due to a large spin-
orbit coupling [1], it has also demonstrated great potential for spin-based applications [2]. 
With a detailed study of the electronic structures of a variety of system as well as the 
symmetries [3] we detail the origin of the spin splitting in two- and three-dimensional hybrid 
perovskites. Finally, we show that layered structures of CH3NH3PbX3 (X=I, Br) leads to a 
splitting that can be controlled by an applied electric field. Such a system opens the door to 
a perovskite-based spintronics.
[1] J. Even et al., J. Phys. Chem. Lett. 4, 2999 (2013).
[2] J. Even et al., Phys. Status Solidi RRL 8, 31 (2014). M. Kim et al., Proc. Natl. Acad. Sci. U.S.A. 

111, 6900 (2014). F. Brivio et al., Phys. Rev. B 89, 155204 (2014). A. Stroppa et al., Nature Com-
mun. 5, 5900 (2014).

[3] C. Katan et al., J. Mater. Chem. A 3, 9232 (2015). J. Even et al., J. Phys. Chem. C 119, 10161 
(2015). 
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S21 511

Electronic structure and dopant configuration  
of intermediate-band semiconductor CuGaS2:Fe

* Jaakko Koskelo1, Javad Hashemi1, Simo Huotari1, Mikko Hakala1

1) Department of Physics, University of Helsinki, Finland 

Intermediate-band semiconductors have attracted attentions as potential high-efficiency 
solar-cell absorbers. In these compounds, the intermediate bands, that are formed within the 
bandgap, facilitate photon absorption and thus increase the solar-cell efficiency. Among 
others, iron-doping has been shown to induce sub-bandgap optical transitions in CuGaS2 [1] 
which is an indication of intermediate band formation. Previous computational studies have 
also verified this hypothesis, however, a more comprehensive computational study and 
analysis enables us to tune this compound towards higher efficiency.

We perform this task with the help of hybrid exchange-correlation functional within density 
functional theory framework. We study the effect of relative distance and dopant concentration 
on the electronic and absorption properties of the material and show that the dopants tend 
to acquire shorter distances. Furthermore, we study the effect of additional n-type doping to 
partially fill the intermediate bands.
[1] B. Marsen et al., Progr. Photovoltaics: Res. Appl. 20, 625 (2012).



Ψk-2015

680 Abstracts of  Poster Session 2 •  Tuesday, September 8,  2015

S21 512

Polymorphism in guanidinium lead iodide Perovskites

*Zeyu Deng1, Shijing Sun1, Paul Bristowe1, Anthony Cheetham1

1) Department of Materials and Metallurgy, University of Cambridge 

Hybrid organic-inorganic perovskites have been attracting increasing attentions as possible 
next generation light harvesting materials, since they are cost effective, solution processible 
and have achieved high power conversion efficiencies. Most investigations have focused on 
one particularly material, methylammonium lead iodide, CH3NH3PbI3 (MAPbI3). However, 
previous computational studies have shown that guanidinium lead iodide, C(NH2)3PbI3 
(GAPbI3) might be a promising alternative because it contains zero-dipole organic cations 
which can reduce the I-V hysteresis in MAPbI3. In this study, DFT-GGA calculations that 
include spin-orbit coupling and van der Waals forces have been carried out in combination 
with experimental work to characterize GAPbI3. Experimentally it is found that the 1-D chain-
like form of GAPbI3 stabilizes in preference to its 3-D perovskite counterpart at ambient 
conditions. This might be resultant from the size of the guanidinium cation, which is too large 
to fit into the PbI6 cage according to its tolerance factor. DFT studies of the two polymorphs 
show that although the 3-D structure has slightly stronger hydrogen bonds, the 1-D structure 
is energetically more stable, which is in agreement with observations. The calculations also 
suggest the possibility of synthesizing the 3-D perovskite structure under pressure. 
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S21 513

Exitons in P3HT/SWNT/Fullerene heterojunctions

* Livia N. Glanzmann1, Duncan J. Mowbray1, Angel Rubio2

1) University of the Basque Country UPV/EHU 
2) University of the Basque Country UPV/EHU and Max Planck Institute for the Structure and 

Dynamics of Matter 

One way to increase power conversion efficiencies of organic photovoltaic devices (OPVs) 
is to produce and transport sufficient charge carriers by optimizing the electron donor (D) 
acceptor (A) materials Since the first heterjunction OPV, consisting of a 3-alkylpolythiophene 
(P3HT) and Fullerene, several combinations of D-A materials were tested on their D-A 
qualities. As well, carbon nanotubes as an electron accepting and transporting material were 
introduced. Still, the electronic processes within multicomponent systems and their interfaces 
are not well understood. Pump probe experiments shall shed light on photovoltaic processes 
such as formation of exitonic states and their decay within P3HT-based-Polymer/SWNT/
PCBM heterojunctions. The interpretation of such spectra is difficult due to overlap of 
different competing processes. We use the delta SCF approach to study in silico the electron 
transfer from the excited state of the donor(s) to the different acceptor materials. This is 
done by locating the exitonic hole and electron density distributions within the combined 
systems. As well, we compare the delta SCF results with the SUMO densities of the fixed 
triplet states. The results shall give an insight of photovoltaic processes in multicomponent 
D-A materials and the interpretation of their spectra. Further, we aim to improve the efficiency 
of OPVs by choosing materials with the right level alignment.
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S21 514

Ab initio thermodynamics study of water  
induced hybrid perovskite degradation

* Andrew McMahon1, Nicholas Harrison1, Piers Barnes1

1) Imperial College London 

Hybrid organic-inorganic perovskites have attracted much interest for their potential use as 
photovotlaic absorbers in highly efficient, cheap photovoltaic devices. Despite a huge interest 
in these materials, there is still much that is not understood about the underlying mechanisms 
at play, especially relating to current challenges they face. In this work the question of the 
stability of the archetypal hybrid perovskite methyl ammonium lead iodide (MAPI) upon 
exposure to water vapour is addressed. This question is studied using ab initio 
thermodynamics, resulting in a basic phase diagram which delineates the thermodynamic 
conditions favourable to the formation of MAPI and its two hydrated structures. A preliminary 
discussion is also offered as to the change in charge-transfer mechanisms as MAPI degrades 
into its first and second hydrate. In order to do this density functional theory simulations are 
performed and ellipsometry measurements of MAPI and its hydrates are examined.
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S21 515

Combining DFT with Scanning Probe Microscopy to explore 
organic/inorganic interfaces for photovoltaic applications

* Milica Todorović1,2, Cesar Moreno3,4, Oleksandr Stetsovych5,4, Tomoko K. Shimizu4, 
Oscar Custance4, Rubén Pérez2

1) Aalto University, P.O. Box 11100, Aalto, 00076, Finland 
2) Universidad Autónoma de Madrid, Madrid, 28049, Spain 
3) Catalan Institute of Nanoscience and Nanotechnology, Bellaterra, 08193, Spain 
4) National Institute for Materials Science, Tsukuba, 305-0047, Japan 
5) Institute of Physics, Academy of Sciences of the Czech Republic, Prague 6, 16200, Czech 

Republic 

Promising candidates for future organic solar cell and transistor devices include complex 
nanoscale structures, with thin films of organic molecules and metal oxides layered between 
metallic electrodes. Identifying the atomic arrangement at the organic/inorganic boundary is 
key to understanding the electronic and excitonic properties at the interface and evaluating 
technological potential. We employ density-functional theory (DFT) techniques in combination 
with scanning probe microscopy (NC-AFM/STM) imaging of pentacene monolayers on the 
(101) surface of TiO2 anatase to gain insight into how these prototype optoelectronic materials 
interact. DFT simulations were used to determine the AFM/STM imaging mode of the surface 
[1]. Aided by experimental images, we identified the preferential attachment site and 
geometry for isolated pentacene molecules and the key molecule-oxide interactions (see 
Figure A). For pentacene thin films, we found an arrangement different from the organic solid 
packing geometry, with molecules re-oriented by strong molecule-substrate interactions 
(see Figure B). Electronic structure analysis at the interface revealed that molecular orbitals 
of pentacene introduce localised electronic states into the band gap of the TiO2 anatase 
substrate, which may add to device functionality.
[1] O. Stetsovych, M. Todorović et al. (accepted in Nat. Commun.).
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S21 516

Vibrational properties of hybrid perovskites

* Federico Brivio1, Jarvist M. Frost1, Jonathan M. Skelton1, Aron Walsh1

1) university of bath 

The working mechanism that sustains the hybrid perovskites solar cells high efficiency is not 
yet known. We employed first-principles simulation techniques to explore the phonon 
dispersion and thermal properties of different phases of methylammonium lead iodide (MAPI) 
and related halides. The study has been completed with the Finite-Displacement Method 
available with the Phonopy package and the Density Functional Perturbation Theory as 
implemented in VASP.

With these methods we reported the phonon dispersion of each structure, from which we 
obtained the phonon density of states, and the relative stability of different phases. Our 
results were in good accordance with the experimental IR and Raman spectra.

We observed the presence of an interesting coupling between the motion of the organic 
component and the inorganic hosting cage. This aspect could be at the base of the formation 
of micro-domains of different electrostatic potential that could explain the high photovoltaic 
efficiency and the current-voltage hysteresis.

Furthermore we extended our study to obtain the thermal properties of the cubic phase of 
MAPI with the quasi-harmonic approximation. We found a low bulk thermal conductivity 
which suggests that hybrid material could be competitive to best performing thermoelectric 
materials.
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S21 517

Electronic structure and total energies of oxide semiconductors 
with many-body perturbation theory based hybrid functionals

* Matteo Gerosa1, Carlo Enrico Bottani3, Lucia Caramella6, Giovanni Onida6, Cristiana 
Di Valentin7, Gianfranco Pacchioni7

1) Department of Energy, Politecnico di Milano, via Ponzio 34/3, 20133 Milano, Italy 
2) Center for Nano Science and Technology @Polimi, Istituto Italiano di Tecnologia, via Pascoli 

70/3, 20133 Milano, Italy 
3) 1,2 
4) Dipartimento di Fisica, Università degli Studi di Milano, Milano, Italy 
5) European Theoretical Spectroscopy Facility (ETSF) 
6) 4,5 
7) Dipartimento di Scienza dei Materiali, Università degli Studi di Milano, via R. Cozzi 55, 20125 

Milan, Italy 

Density-functional theory (DFT) based on hybrid exchange-correlation (xc) energy functionals 
has emerged as an accurate method for computing electronic band structures, formation 
energies and other ground-state properties of semiconductors and insulators. Standard 
hybrid functionals are usually constructed by admixing a fixed portion of exact Hartree-Fock-
like exchange to a generalized-gradient approximation to the xc energy. Recently it has 
been argued that such mixing should be made explicitly dependent on the material. On the 
basis of a correspondence between hybrid DFT and many-body perturbation theory, it has 
been suggested that the mixing portion is related to the macroscopic electronic dielectric 
constant of the material [1].

In this presentation, we report on the performance of this dielectric-dependent hybrid 
functional in calculating electronic band gaps and total energies differences (involved, e.g., 
in structural phase transitions) for a set of wide gap oxide semiconductors [2]. We also 
provide benchmark against G0W0 and experimental band gaps.
[1] A. Alkauskas, P. Broqvist, and A. Pasquarello, Phys. Status Solidi B 248, 775 (2011)
[2] M. Gerosa, C. E. Bottani, L. Caramella, G. Onida, C. Di Valentin, G. Pacchioni, Phys. Rev. B 91, 

155201 (2015)

S21 518

Atomistic simulations of methylammonium  
lead halide layers on PbTiO3

* Neculai Plugaru1, George Alexandru Nemnes2, Andrei Manolescu3

1) National Institute of Materials Physics, Atomistilor Str. 105 bis, Magurele-Bucharest, 077125, 
Ilfov, Romania 

2) Faculty of Physics, University of Bucharest, Atomistilor 405, Magurele-Bucharest, Ilfov, Romania 
3) School of Science and Engineering, Reykjavik University, Menntavegur 1, IS-101 Reykjavik, 

Iceland 

Investigations of hybrid perovskite solar cells have revealed that a significant increase in the 
solar energy conversion efficiency may be obtained in the mixed halides CH3NH3PbX3-xZx, 
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(X, Z= I, Cl, Br) [1,2]. These systems show an enhanced structural flexibility and an arguable 
degree of disorder. We focus on the atomistic modeling and electronic properties of the 
‘pseudo-cubic’ phases of CH3NH3PbI2Cl and CH3NH3PbICl2 deposited on the tetragonal 
PbTiO3 (001) surface. We highlight the evolution of the electronic states at the resulting 
interface, the band gaps, band alignment, and effective masses of the carriers when the 
hybrid halide thickness, chloride distribution, and surface termination are varied. We discuss 
the effects of the predicted particularities of the electronic properties on the efficiency of the 
photogeneration mechanism, carriers mobiliy and diffusion lengths, with reference to 
published results [1-4].
[1] H. S. Jung and N.-G. Park, Small 11, 10 (2015).
[2] S. Colella et al., J. Phys. Chem. Lett., 5, 3532 (2014).
[3] K. T. Butler et al., Energy Environ. Sci., Royal Soc. Chem. (2014). DOI: 10.1039/c4ee03523b
[4] A. Walsh, J. Phys. Chem. C 119, 5755 (2015).

S21 519

Relavitistic DFT study for tin- and lead-based  
organic-inorganic perovskites

* Jingrui Li1, Patrick Rinke1

1) COMP / Department of Applied Physics, Aalto University, Finland 

Hybrid organic-inorganic perovskites have received rapidly growing interest as promising 
photoactive materials in emergent solar cell technologies. While much experimental work 
has been conducted on devices, a quantum mechanical understanding of the basic material 
properties is lagging behind. In this work we study both the tin- and lead-based perovskites, 
CH3NH3SnI3 and CH3NH3PbI3, focussing on benchmarking the performance of electronic 
structure methods at different levels. We carried out relativistic density functional theory 
calculations using the all-electron local-atomic-orbital code FHI-aims [1]. Our results indicate 
that adding long-range van der Waals (vdW) interactions to the Perdew-Burke-Ernzerhof 
(PBE) exchange-correlation functional reduces the lattice constants by approximately 2% 
for both perovskites. Adding also spin-orbit coupling (SOC) further reduces the lattice 
constants by ~0.5% and ~1% for the tin- and lead-based perovskite, respectively. In contrast, 
exact exchange (added by switching to the PBE0 hybrid functional) has almost no effect on 
the lattice constant. For the PBE+vdW+SOC lattice constants we observe good agreement 
with available experimental data.
[1] V. Blum et al., Comput. Phys. Commun., Vol. 180 (2009) 2175.



Ψk-2015

 Abstracts of  Poster Session 2 •  Tuesday, September 8,  2015 687

S21 520

Electronic and optical properties of NH3CH3PbI3 (MAPI)  
for solar energy harvesting

* Pooya Azarhoosh1, Aurelien Leguy2, Mark van Schilfgaarde1, Piers Barnes2,  
Aron Walsh3, Jenny Nelson2, Jizhong Yao2, Oliver Weber3, Mark Weller3, Daniel Brynt2

1) King’s College London 
2) Imperial College London 
3) University of Bath 

Since the first reported metal-organic halide perovskite solar cell in 2009 the power 
conversion efficiency (PCE) of this class of devices has surged pass 20% and has now 
become comparable to that of well established thin-film devices. Such high performance of 
MAPI as an absorber layer is attributed to the high absorption coefficient associated with 
direct band semiconductors and exceptionally long carrier lifetimes and diffusion lengths 
comparable to that of indirect semiconductors; These properties are strongly tied to the 
electronic properties of a material.

In this work the band structure of MAPI is investigated using quasiparticle self-consistent 
GW(QSGW); The calculated band gaps are significantly closer to experimental data (with 
small systematic error) compared to calculations based on local density approximation(LDA) 
including GW methods.

The electronic data are presented alongside optical constants obtained both through ab 
initio and experimental methods; Good agreement is observed within the limits of the random 
phase approximation(RPA) where by excitonic effects are neglected. Our calculation here 
sheds light on some of MAPI\’s properties which deviate from standard sp semiconductors.

S21 521

Semiconducting nanocomposites for use as light absorbers  
in multi-exciton generation solar cells:  
insights from ab initio calculations

* Stefan Wippermann1, Emilio Scalise1, Marton Voros2, Adam Gali3, Dario Rocca4, 
Gergely Zimanyi5, Francois Gygi5, Giulia Galli2

1) Max-Planck-Institut fuer Eisenforschung 
2) University of Chicago 
3) Budapest University of Science and Technology 
4) Universite de Lorraine 
5) University of California, Davis 

The efficiency of nanoparticle (NP) solar cells may substantially exceed the Shockley-
Queisser limit by exploiting multi-exciton generation (MEG). However, (i) quantum 
confinement tends to increase the electronic gap and thus the MEG threshold beyond the 
solar spectrum and (ii) charge extraction through NP networks may be hindered by facile 
recombination.
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Using ab initio calculations we model nanocomposites with specific structural features 
and screen for favourable systems to be used as light absorbers in MEG based solar cells. 
We found that (i) Si NPs with exotic core structures such as BC8 exhibit significantly lower 
gaps and MEG thresholds than particles with diamond cores, and an order of magnitude 
higher MEG rates. (ii) Si NPs embedded in a ZnS host matrix form a type II junction, where 
electron transport occurs by hopping between NPs and hole transport through the ZnS-
matrix. Such complementary pathways may substantially reduce recombination, as was 
indeed observed in recent experiments. Employing atomistic thermodynamics we predict 
relative stabilities of interfacial features and further refine our models.

S. W. acknowledges BMBF NanoMatFutur Grant No. 13N12972.

S21 522

Defect Physics in Tin-Based Organic-Inorganic  
Perovskite Solar-Cells: A Hybrid DFT Study

* Patrick Carey1, Run Long1, Niall English1

1) University College Dublin 

The recent advance of Hybrid Perovskite solar cells has been led by their ease of solution-
process fabrication and favorable defect properties. A study of point-defects in MAPbI3 has 
revealed that defects with low formation energies create only shallow levels, whereas defects 
with deep levels have high formation energies and therefore a relatively low abundance 
[Appl. Phys. Lett. 104, 063903 (2014)]. Defects with deep levels act as recombination centers 
and are deleterious to device performance.

Due to concerns over the toxicity of Lead much effort has been dedicated to finding a Tin-
based analogue of the MAPbI3 archetype. In this submission we use the HSE06 hybrid 
functional to ascertain if the Tin-based hybrid Perovskites retain the same benign defect 
physics of their Lead-based cousins. We conduct our study for the Anion vacancy and the 
Inorganic Cation vacancy in Tin-based Perovskites formed with halide species Iodine, 
Bromine and Chlorine.
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S21 523

On the origin of octahedral tilting in hybrid halide perovskites

* Jung-Hoon Lee1, June-Ho Lee2, Sung-Hoon Lee3, Nicholas C. Bristowe4, Paul D. 
Bristowe1, Anthony K. Cheetham1, Hyun Myung Jang2

1) Department of Materials Science and Metallurgy, University of Cambridge, Cambridge CB3 0FS, 
UK 

2) Department of Materials Science and Engineering, and Division of Advanced Materials Science, 
Pohang University of Science and Technology (POSTECH), Pohang 790-784, Republic of Korea 

3) Center for Artificial Low Dimensional Electronic Systems, Institute for Basic Science, Pohang 
790-784, Republic of Korea 

4) Department of Materials, Imperial College London, Exhibition Road, London, SW7 2AZ, UK 

The impressive photovoltaic response of the lead-based hybrid perovskite CH3NH3PbI3 
(MAPbI3) has led to a flurry of computational studies aimed at understanding its fundamental 
behavior. An important property is the optical band gap which is known to strongly correlate 
with the tilting of the PbI6 octahedra. In this study the bonding and anti-bonding interactions 
affecting the degree of octahedral tilting in orthorhombic (o-) MAPbI3 are investigated using 
DFT-GGA calculations that include spin-orbit coupling and van der Waals forces. The 
principal interactions are the hydrogen bonds between the MA cation and the PbI3 framework, 
the steric effect of the MA cation and the anti-bonding stereo-chemical effect of the Pb 6s 
lone pair. By replacing the MA cation with a hole or by a Cs ion the relative magnitude of the 
first two interactions can be evaluated whereas the third effect can be determined by 
replacing Pb with Ca. In o-MAPbI3 it is found that hydrogen bonding and the stereo-chemical 
effect contribute about equally to the octahedral tilting with the steric effect playing only a 
minor role. In o-MACaI3, however, the hydrogen bonding dominates and is the major 
interaction determining the degree of the octahedral tilting which is about 25% less than in 
o-MAPbI3.
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S21 524

Understanding 3C-SiC/SiO2 interfaces in SiC-nanofiber  
based solar cells from ab initio theory

* Taufik Adi Nugraha1, Stefan Wippermann1

1) Max-Planck-Institut fuer Eisenforschung 

Nanostructured materials – such as e. g. hybrid nanocomposites consisting of inorganic 
semiconducting nanofibers and organic surfactants – provide genuinely novel pathways to 
exceed the Shockley-Queisser limit for solar energy conversion. The synthesis of such 
functionalized nanofibers can be performed completely using only inexpensive wet chemical 
solution processing. However, the synthesis conditions often lead to complex interfacial 
structures involving thin oxide layers between the nanofiber and surfactants, whose atomistic 
details are poorly understood at best. Here we present a combined density functional theory 
and tight binding investigation of interfaces between 3C-SiC nanofiber surfaces and SiO2. 
Considering a wide variety of possible interfacial structures we utilize a grand canonical 
approach to generate a phase diagram and predict structural details of the interface as a 
function of the chemical potentials of Si, O and H. This study provides directions about how 
the synthesis conditions lead to specific types of interfacial structures and their impact on the 
electronic properties of the interface. The authors wish to thank U. Gerstmann, S. Greulich-
Weber and W. G. Schmidt for helpful discussions.

S. W. acknowledges BMBF NanoMatFutur Grant No. 13N12972. 

S21 525

Nanointerfaces in semiconducting nanocomposites:  
atomistic and electronic structure from first principles

* Emilio Scalise1, Stefan Wippermann1, Giulia Galli2

1) Max-Planck-Institut fuer Eisenforschung 
2) University of Chicago 

Semiconducting nanocomposites – consisting of nanocrystals (NCs) embedded in a host 
matrix – offer exciting prospects for solar energy conversion, light emission and electronic 
applications. Recent advances in wet chemical techniques allow for the synthesis of NCs, 
their assembly into superlattices and embedding into a host matrix using inexpensive solution 
processing. However, the atomistic details of such composites are poorly understood, due 
to the complexity of the synthesis conditions and the unavailability of robust experimental 
techniques to probe nanointerfaces at the microscopic level.

Here we present a density functional theory investigation of nanointerfaces between NCs 
and their host matrix in technologically relevant nanocomposites. Employing a grand 
canonical approach, we considered a multitude of structures possibly realized at the NC-
surface, such as reconstructions, passivation, substitution of subsurface atoms, ligand 
dissociation, NC core-shell formation and the adsorption of ligands on NCs with different 
structures. This study provides guidance about the experimental conditions which lead to 
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specific structural motifs and highlights the impact of structural details on the composite’s 
electronic properties.

S. W. acknowledges BMBF NanoMatFutur Grant-No. 13N12972.

[1] S. W. et al., Phys. Rev. Lett. 110, 046804 (2013)
[2] S. W. et al., Phys. Rev. Lett. 112, 106801 (2014)

S21 526

Electronic properties of the recently discovered TiO$_2$  
anatase surface phase with a bandgap in the visible 

* Miguel A. Perez-Osorio 1, Feliciano Giustino1

1) Department of Materials, University of Oxford. United Kingdom 

TiO2 anatase plays a central role in energy and environmental research, and is prime 
candidate for realizing artificial photosyntesis through water splitting. Its only limitation is its 
large bandgap of 3.2 eV. Recently, a highly reactive TiO2 anatase surface phase with a 
reduced bandgap of 2.0 eV was reported using a combination of STM/STS experiments and 
DFT calculations [C. Dette. et al. Nano Lett. 14, 6533 (2014)]. The new surface phase 
corresponds to the TiO2 anatase (101) surface without the outermost oxygen atoms. Here, 
we investigate the electronic properties of this new low-gap surface from first-principles 
calculations using the DFT+U method. We find that the oxygen vacancies of the new phase 
induce surface states inside the bulk band gap near the valence band top. Unlike the pristine 
TiO2 anatase (101) surface, the new surface phase exhibits a direct band gap, which is very 
promising in terms of photocatalytic applications.

S21 527

B-site engineering of the halide perovskite A-B-X3 system

* Jino Im1, Ki-jeong Kong1, Hyunju Chang1, Hosub Jin2, Mercouri G. Kanatzidis3

1) Korea Research Institute of Chemical Technology 
2) Ulsan National Institute of Science and Technology 
3) Northwestern University 

Halide perovskite based solar cells are a recent ground-breaking breakthrough of power 
conversion efficiencies exceeding 18%. This is possible because ABX3 (A = CH3NH3

+; B = 
Pb, Sn and X = I, and Br) exhibits strong light absorption, high carrier mobility, and long 
carrier lifetimes for both electrons and holes. Recent theoretical results show that these 
superior properties are mostly governed by low energy electronic structures, where B-site 
metals are crucial; both orbital hybridization and spin-orbit coupling (SOC) of B-site metal 
atom play important roles to determine optical as well as transport properties. In this study, 
using first principles calculation, we investigate a possible engineering both orbital 
hybridization and SOC by mixing Pb and Sn atoms at B-site of the perovskite. Our study 
shows that there is a competition between SOC and orbital hybridization, leading to an 
anomalous behavior of the bandgap in CH3NH3Sn1-xPbxI3. The bandgap reduction by SOC 
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increases linearly with x, while the orbital hybridization increases the bandgap non-linearly 
due to anisotropic change of lattice constant. As a result, band gap of CH3NH3Sn1-xPbxI3 can 
be reduced to near-infrared area enabling a path to solar cells with higher efficiencies.

S21 528

Interface effects on perovskite solar cells

* Ali Akbari1, Javad Hashemi1, Simo Huotari1, Mikko Hakala1

1) Department of Physics, P.O. Box 64, FIN-00014 University of Helsinki, Finland 

The recent emergence of perovskite solar cells has revolutionized the field of photovoltaics. 
Starting from 3.8% efficiency, these perovskite solar cells have now reached 20.1% 
efficiency[1], surpassing other available options for inexpensive solar cell technologies. With 
many materials in contact with the perovskite absorber, their electronic interactions and 
geometrical structures at the interface can affect the cell key physical properties such as 
optical absorption, exciton lifetime, and charge transfer. Therefore, a careful control over the 
effects of interfaces can bring further increase in the efficiency. While at the experimental 
level work along this line is being pursued[2], a systematic computational study on the 
underlying mechanisms of these effects is still missing. 

Using DFT calculations in this talk we examine the interface of perovskite with TiO2 and 
Al2O3 and determine the most stable configuration at the interface. We discuss and compare 
the effect of interfacial relaxations in these two systems on the electronic structure and 
optical absorption of perovskite. Finally, we study charge accumulation at the interface to 
provide insights into the charge injection mechanism.

[1] M. A. Green et al., Progress in Photovoltaics: Research and Applications 23, 1 (2015).
[2] H. Zhou et al., Science 345, 542 (2014).

S21 529

Transition path between and cohesive energies  
of α-sexithiophene polymorphs

* Bernhard Klett1, Caterina Cocchi1, Claudia Draxl1

1) Humboldt-Universitaet zu Berlin, Department of Physics 

The outstanding opto-electronic properties of oligothiophenes make them excellent 
candidates for a number of technological applications, ranging from thin-film transistors to 
photovoltaic cells. Like many organic molecular crystals, oligothiophenes display 
polymorphism. Since different molecular orientations and stacking are known to influence 
electronic and transport properties, an in-depth theoretical understanding of the energetics 
in these systems is crucial. We investigate the high- (HT) and low-temperature (LT) phases 
of α-sexithiophene (6T) using the full-potential, all-electron density-functional-theory code 
exciting [1]. Analyzing the cohesive energies of the two polymorphs indicates LT as the most 
stable phase, in contrast to previous molecular-dynamics calculations [2]. We also suggest 
a possible transition path between the two polymorphs, including seven metastable 
structures. We find an energy barrier of around 0.7 eV/molecule between the HT and LT 
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phases. Our results provide insight into recent experimental findings on light-controlled 
selective growth of 6T thin-films [3].
[1] Gulans et al J. Phys.: Condens. Matter 26, 363202 (2014)
[2] Della Valle et al. J. Phys. Chem. A 112, 6715 (2008)
[3] Pithan et al. Crystal Growth & Design 15, 1319 (2015)

S21 530

Growth of anisotropic organic molecules  
at patterned semiconductor surfaces

* Nicola Kleppmann1, Sabine H. L. Klapp1

1) Institut für Theoretische Physik, Technische Universität Berlin, Hardenbergstr. 36, 10623 Berlin, 
Germany 

Hybrid systems consisting of organic molecules at inorganic semiconductor surfaces have 
large charge carrier densities and tuneable resonance energies, that make them ideal 
candidates for semiconductor devices. However, the efficiency of such devices strongly 
depends on the self-organized nanoscale structure formed by the adsorbed molecules, 
which depends, in turn, on the complex interplay of growth conditions and molecular 
properties [1,2].

Recent ab initio calculations and experiments inspire us to examine the growth of 
sexiphenyl (6P) on ZnO(10-10) as a model system to understand self-organization of highly 
anisotropic molecules [3]. We develop a coarse-grained interaction Hamiltonian of 6P 
molecules using a Gay-Berne potential and a linear quadrupole interaction term with 
additional substrate influence. We perform both equilibrium and growth Monte Carlo 
simulations on a 2D lattice, where the rotational degrees of freedom of the molecules are 
continuous. These simulations investigate orientational ordering, which is characterized by 
local observables such as order parameters and angular distributions.
[1] S. Bommel, N. Kleppmann et al., Nat. Comm. 5, 5388 (2014)
[2] N. Kleppmann, and S. H. L. Klapp, Phys. Rev. B 91, 045436 (2015)
[3] N. Kleppmann, and S. H. L. Klapp, J. Chem. Phys. 142, 064701 (2015)
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S21 531

Tunable ferroelectric polarization and its interplay  
with spin-orbit coupling in tin iodide perovskite

* Alessandro Stroppa1, Domenico Di Sante1, Paolo Barone1, Menno Bokdam2,  
Georg Kresse2, Cesare Franchini2, Myung-Hwan Whangbo3, Silvia Picozzi1

1) CNR-SPIN L’Aquila-Italy 
2) Faculty of Physics, Center for Computational Materials Science, University of Vienna, A-1090 

Wien, Austria 
3) Department of Chemistry, North Carolina State University, Raleigh, North Carolina 27695-8204, 

USA 

Ferroelectricity is a potentially crucial issue in halide perovskites, breakthrough materials in 
photovoltaic research. Using density functional theory simulations and symmetry analysis, 
we show that the lead-free perovskite iodide (FA)SnI3, containing the planar formamidinium 
cation FA, (NH2CHNH2)

+, is ferroelectric. In fact, the perpendicular arrangment of FA planes, 
leading to a \’weak\’ polarization, is energetically more stable than parallel arrangements of 
FA planes, being either antiferroelectric or \’strong\’ ferroelectric. Moreover, we show that the 
\’weak\’ and \’strong\’ ferroelectric states with the polar axis along different crystallographic 
directions are energetically competing. Therefore, at least at low temperature, an electric 
field could stabilize different states with the polarization rotated by π/4, resulting in a highly 
tunable ferroelectricity appealing for multistate logic. Intriguingly, the relatively strong spin-
orbit couling in noncentrosymmetric (FA)SnI3 gives rise to a co-existence of Rashba and 
Dresselhaus effects and to a spin texture that can be induced, tuned and switched by an 
electric field controlling the ferroelectric state.

S21 532

Properties of the ZnO (10-10) Surface at Realistic Conditions:  
The Role of Hydrogen

* Maria E. Stournara1, Santiago Rigamonti2, Oliver T. Hofmann3, Patrick Rinke1,4, 
Matthias Scheffler1

1) Fritz-Haber-Institut der MPG, Berlin, Germany 
2) Institut für Physik and IRIS Adlershof, Humboldt-Universität zu Berlin, Berlin, Germany 
3) Institut für Festkörperphysik, Technische Universität Graz, Graz, Austria 
4) COMP/Department of Applied Physics, Aalto University School of Science, Aalto, Finland 

The optical and electronic properties of ZnO surfaces are critical for the electronic and 
excitonic states of hybrid inorganic/organic semiconductors. As the intrinsic presence of H is 
unavoidable and affects the properties of the ZnO surface even at low concentrations, a 
careful evaluation of the stable H-surface configurations is necessary to understand the effect 
of hydrogen adsorption on the surface electronic structure. To elucidate this situation, 
intermixed site-motifs of H adsorption were evaluated at various concentrations with a surface 
lattice-gas hamiltonian, which was parametrized with density-functional theory PBE+vdWTS 

calculations in FHI-aims [1]. Our results reveal that O and Zn sites compete for adsorbing H 
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resulting in mixed patterns. We find that OH-bonding dominates for H concentrations below 
20%, whereas disordered adsorption patterns on both sites are favored at higher 
concentrations. Due to the amphoteric character of hydrogen as electron donor on oxygen 
and acceptor on zinc, the surface stays semiconducting at any H concentration in contrast to 
previous reports [2], while the gradual reduction of the work function favors the formation of a 
charge accumulation layer in agreement with recent photoemission studies [3].
[1] Blum et al, Comp. Phys. Comm. 180, 2175 (2009)
[2] Wang et al., PRL 95, 266104 (2005)
[3] Deinert et al., PRL 113, 057602 (2014)

S21 533

Electronic properties and computational design of metal-halide 
perovskite light absorbers for solar cell applications

* Marina Rucsandra Filip1, Feliciano Giustino1

1) University of Oxford 

Metal-halide perovskite absorbers have recently captured the attention of the photovoltaics 
research community, reaching efficiencies above 20%. In parallel with this unprecendented 
technological progress, efforts are concentrated on ellucidating the fundamental physical 
properties of these materials.

In this work we show an exhaustive computational study of CH3NH3PbI3 within DFT and 
the GW approximation. We show the effect of spin-orbit coupling on the quasiparticle band 
gap of CH3NH3PbI3 and describe a straightforward approach to correct the underestimated 
band gap calculated within G0W0[1]. 

Finally, we build a simple structural model and analyze the interplay between the structural 
and electronic properties of lead-iodide perovskites. Based on this analysis we propose 
novel lead-iodide peroskite absorbers with different cations at the center of the cuboctahedral 
cavity facilitating the tuning of the fundamental band gap [2].
[1] Filip, M. R., Eperon, G., Snaith, H. J. & Giustino, F., Nature Communications 5, 5757 (2014)
[2] Filip, M. R. & Giustino, F., Phys Rev B 87, 20, 205125 (2014)
This work was supported by the European Research Council (EU FP7 / ERC grant no. 239578), the 
UK EPSRC (Grant NO. EP/J009857/1) and the Leverhulme Trust (Grant RL-2012-001).
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S21 534

Impact of the interplay between the organic  
and inorganic sub-lattices in hybrid halide perovskites

* Carlo Motta1, Fedwa El-Mellouhi2, Sabre Kais2, Nouar Tabet2, Fahhad Alharbi2, 
Stefano Sanvito1

1) School of Physics, AMBER and CRANN Institute, Trinity College, Dublin, Ireland 
2) Qatar Environment and Energy Research Institute, Doha, Qatar 

Hybrid halide perovskites have enabled solar cells to reach an efficiency close to 20%, 
demonstrating a pace for improvements with no precedents in the solar energy arena. 
Despite such explosive progress, the microscopic origin behind the success of such material 
is still debated, with the role played by the organic cations in the light-harvesting process 
remaining unclear. In this work, density functional theory calculations reveal that the 
orientation of the organic molecules plays a fundamental role in determining the material 
electronic properties. Molecular reorientations induce distortions of the inorganic PbI3 cage 
causing the electronic band edges to shift in reciprocal-space, an effect captured upon 
inclusion of dispersive forces in the description. As a consequence, inequivalent cation 
orientations, representing local energy minima, lead to bandstructures displaying either 
direct and indirect bandgaps. Besides, calculations of the rotational energy barriers and 
phonon spectra allow to build a model Hamiltonian that can be used to analyze the correlations 
between molecular dipoles in hybrid perovskites. Our observations are compatible with 
recent photoluminescence measurements of lead bromide perovskites. Our results will be 
discussed in relation to recent experiments of fast dynamics in this materials class.

C. Motta et al. Nat. Commun. 6, 7026 (2015)
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Symp. 23: Ultrafast Charge Transfer at the Nanoscale
Organized by Stefan Kurth, Robert van Leeuwen,  

Gianluca Stefanucci
Poster Area I

S23 535

Charge transfer in N-doped Ta2O5/Ru-complex system for 
photocatalytic CO2 reduction

* Ryoji Asahi1, Alexey V. Akimov2, Ryosuke Jinnouchi1, Souichi Shirai1, 
Oleg V. Prezhdo2

1) Toyota Central R&D Labs., Inc. 
2) University of Southern California 

Recently, there has been increasing interest in development of materials for efficient 
photocatalytic CO2 reduction and its transformation to useful chemicals. To realize high 
selectivity for CO2 reduction to H2 production, combining systems of photoactive 
semiconductors linked with electrocatalysts were proposed. S. Sato et al. successfully 
demonstrated selective conversion of CO2 to HCOOH under visible light irradiation using 
N-doped Ta2O5/Ru-complex system [1]. One of the rate limiting processes in the overall 
photocatalytic reduction is an interfacial electron transfer from N-doped Ta2O5 to Ru-
complex [2]. This process strongly depends on the way the Ru-complex is attached to the 
semiconductor surface [3] and a band alignment between conduction band minimum of the 
semiconductor and LUMO of Ru-complex. Here we investigate the dynamical and electronic 
structure effects of anchoring groups, PO3Hs, COOH, and OH, in Ta2O5/Ru-complex 
system, and discuss the role of anchor groups for the electron transfer.

[1] S. Sato et al., Angew. Chem. Int. Ed. 49, 5101 (2010).
[2] T.M. Suzuki et al., Chem. Commun. 47, 8673 (2011).
[3] A.V. Akimov et al., J. Phys. Chem. B, Articles ASAP (2014).

* The work partially supported from ACT-C supported by JST

S23 536

Coupled quantum-classical method for long-range charge transfer 
with applications to electron and proton transfer effects

* Luis G.C. Rego1, Alberto Torres1, Robson da Silva1

1) Department of Physics, Federal University of Santa Catarina, Florianopolis, SC, 88040-900, Brazil 

The study of the theoretical foundations of energy and charge transfer in supramolecular 
structures is essential for the understanding of several key processes in condensed matter 
systems, for instance, energy conversion mechanisms, catalysis and chemical reactions. 
However, for most cases of interest, the theoretical description of such phenomena rely on 
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a quantum dynamics formalism that is carried upon relatively complex dynamic molecular 
structures.

This work describes a semi-empirical coupled Quantum/Classical Dynamics method 
capable of describing long range charge transfer processes in supramolecular systems, 
taking into account the atomistic details of the molecular structure, the underlying nuclear 
motion in the electronic excited state, and environmental effects. The method aims at 
describing ultrafast (< 100 picoseconds) electron-nuclei (quantum/classical) dynamics in 
large molecular systems (102-104 atoms).

In this work we investigate the relevance of the electron-nuclei interaction for two 
fundamentally diffenrent charge transfer processes: the photo-induced electronic charge 
transfer in dye sensitized semiconductors, and the dynamics simulation of the excited state 
internal proton transfer (ESIPT) in the HBT molecule (2-(2\’hydroxyphenil)benzothiazole).

S23 537

Electron Scattering and Secondary Electron Emission  
of Multilayer Graphene by Time-Dependent  
Density Functional Theory Simulation

* Kazuyuki Watanabe1, Yoshihiro Ueda1, Yasumitsu Suzuki1

1) Department of Physics, Tokyo University of Science 

A time-dependent density functional theory (TDDFT) simulation in real time and space has 
been successfully applied to electron wave-packet scattering with graphene flakes in a 
previous study. [1] We obtained the diffraction patterns of various graphene flakes that show 
not only the regular features of low-energy electron diffraction images for nanostructures 
with periodicity but also special features resulting from the local atomic inhomogeneity. The 
transmission electron microscopy image and plasmon excitation upon electron impact on a 
graphene flake have been observed at the same time. We further captured the signature of 
secondary electron emission and interference among the scattered electron-waves from the 
multilayer graphene. The present TDDFT study clarifies the microscopic origin of various 
physical phenomena utilized in the surface analysis at nano scale.
[1] K. Tsubonoya, C. Hu and K. Watanabe, Phys. Rev. B 90, 035416 (2014).
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S23 538

Laser-induced electron localization in H+2:  
Mixed quantum-classical dynamics based  
on the exact time-dependent potential energy surface

* Yasumitsu Suzuki1, Ali Abedi2, Neepa Maitra3, E. K. U. Gross4

1) Tokyo University of Science 
2) Nano-bio Spectroscopy Group 
3) Hunter College of the City University of New York 
4) Max Planck Institute of Microstructure Physics 

We study the exact time-dependent potential energy surface (TDPES) for laser-induced 
electron localization, with a view to developing a mixed quantum-classical dynamics method 
for strong-field processes. The TDPES is defined within the framework of the exact 
factorization and contains the exact effect of the electronic backreaction and any external 
fields within a scalar potential. We compare its features with those of the quasi-static potential 
energy surfaces (QSPES) often used to analyze strong field processes. We show that the 
gauge-independent component of the TDPES has a mean-field-like character very close to 
the density-weighted average of the QSPESs. Once the localization begins to set in, the 
gradient of the exact TDPES tracks one QSPES and then switches to the other, similar to 
the description provided by surface hopping between QSPESs. We show that evolving an 
ensemble of classical nuclear trajectories on the exact TDPES accurately reproduces the 
exact dynamics. This study suggests that the mixed quantum classical dynamics scheme 
based on evolving multiple classical nuclear trajectories on the exact TDPES will be a novel 
and useful method to simulate strong field processes.

S23 539

Hole Capture and Emission at Silicon Dioxide Defects

* Al-Moatasem El-Sayed1, Yannick Wimmer2, Wolfgang Goes2, Tibor Grasser2,  
Valery Afanas’ev2, Alexander Shluger1

1) University College London 
2) TU Wien 

Non-radiative multi-phonon theory (NMP) was used to calculate the rates of temperature 
activated exchange of charge carriers between defects in amorphous silicon dioxide (a-SiO2) 
and a Si substrate. Using a general method that can be applied to any set of materials, we 
extract parameters for the non-radiative transitions from density functional theory (DFT) DFT 
calculations. The electron tunnelling from the Si substrate to defects inside a-SiO2 is 
described using the Marcus theory. The capture cross-section for the charge carriers is 
described using the line-shape function and parameters obtained from DFT calculations. 

We have investigated the hydroxyl E\’ centre and the hydrogen bridge defect in a-SiO2 
using DFT. Each of these defects has a stable and meta-stable state in the neutral and 
positive charge states. We have built a potential energy landscape of the various charge 
trapping and structural relaxation reactions that may occur at these defects. Parameters 
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extracted from these DFT calculations were then used to calculate the electron/hole capture 
and emission times at these defects and compared to electrical capture and emission 
measurements in Si/SiO2 devices. The results demonstrate that these defects may be 
involved in electronic device reliability issues.

S23 540 

Ultrafast Dynamics in Density-Functional Tight-Binding

* Max Boleininger1, Andrew Horsfield1, Peter Haynes1

1) Imperial College London 

Fast laser pulse experiments can drive electrons into highly excited states. Obtaining 
information directly from the experiments about the dynamics of the excited electrons is very 
difficult; computer simulation is currently an essential tool for this analysis.

We have chosen to use a density functional based Tight Binding molecular dynamics 
method (DFTB) [1] for our simulations. DFTB is a semi-empirical approximate density 
functional theory method, offering an ideal trade-off between computational time and 
accuracy. Compared to DFT, we gain orders of magnitude in speed, while often obtaining 
results of comparable accuracy. The efficiency of the model allows rapid simulation of 
dynamics to be performed on molecular aggregates. 

We have modified the DFTB code PLATO [2] by incorporating Ehrenfest dynamics, 
smooth potentials, dispersion forces, and field coupling. This leaves us with a method 
capable of modelling the non-adiabatic dynamics typically encountered in Ultrafast Dynamics.

This method is applied to investigate charge migration and transfer in hydrocarbons in 
strong fields within attosecond time resolution.
[1] Elstner, Marcus, et al. “Self-consistent-charge density-functional tight-binding method for simula-

tions of complex materials properties.” Physical Review B58.11 (1998): 7260.
[2] Kenny, Steven D., and A. P. Horsfield. “Plato: A localised orbital based density functional theory 

code.” Computer Physics Communications 180.12 (2009): 2616-2621.
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S23 541

Comparative analysis of charge-transfer energies  
in pentacene-derived systems with constrained DFT

* David Turban1, Alex Chin1, Nicholas Hine2

1) Theory of Condensed Matter, Cavendish Laboratory, University of Cambridge, Cambridge, 
United Kingdom 

2) Department of Physics, University of Warwick, Conventry, United Kingdom 

Singlet fission (SF) is a multi exciton generation process which could be harnessed to improve 
the efficiency of photovoltaic devices. Systems derived from the pentacene molecule have 
been shown to exhibit ultrafast SF with high yields in experiment. Charge-transfer (CT) 
configurations are presumed to play an important role as intermediates in the SF process in 
these systems. In molecular crystals electrostatic screening effects can be significant in lowering 
the energy of CT states, enhancing their potential to effectively participate in SF. Also, the 
importance of vibrational dynamics and geometrical relaxation to the SF process is becoming 
increasingly apparent. Both aspects make it desirable to adopt a computational approach that 
is relatively inexpensive and scales well to larger systems, allowing the exploration of potential 
energy surfaces and the study of screening effects. Based on this we assess the performance 
of constrained DFT (as implemented in the ONETEP linear-scaling DFT code [1]) as a low-cost 
method for the calculation of CT energies in pentacene-derived systems.
[1] C.-K. Skylaris, P. D. Haynes, A. A. Mostofi and M. C. Payne, J. Chem. Phys. 122, 084119 (2005)
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S23 542

The general retarded response of a continuum solvent  
within real time TDDFT and TDHF

* Silvio Pipolo1, Stefano Corni2, Roberto Cammi3

1) Chemistry Department, Ecole Normale Superieure, Paris, France 
2) Center S3, CNR Institute of Nanoscience, Modena, Italy, 
3) Department of Chemistry, University of Parma, Parma, Italy 

We present an efficient approach to couple the real-time TDDFT and TDHF dynamics of a 
molecule with the time-dependent response of a dielectric medium (solvent), employing the 
Polarizable Continuum Model (PCM) of solvation [J.Phys.Chem.A doi:10.1021/jp5106828; 
Comp.Theo.Chem. 112, 1040 (2014)].

Within such scheme, the effect of the solvent polarization on the solute Hamiltonian is 
represented by the Reaction Potential (RP). Such potential term depends on the charge 
density of the solute, and when the density is evolving in time, e.g., due to an external 
perturbation, the solvent RP also becomes time-dependent, in a non-trivial way due to the 
delayed response of the solvent polarization rooted in its frequency-dependent dielectric 
constant.

With this work we address such non-trivial time-dependence problem by (i) reformulating 
the PCM fundamental equations to facilitate the Fourier-Transform to the time domain, (ii) 
deriving a general expression for the time-dependent RP (iii) formulating an equation of 
motion for the RP sources for a Debye dielectric-constant solvent.

The results clearly show the effect of the solvent polarization on the solute dynamics, and 
the importance of accounting for the retarded solvent response.

S23 543

An ab-initio study of charge-transfer times  
of excited Argon on magnetic surfaces

* Moritz Müller1,2, Pedro M. Echenique2,3, Daniel Sánchez-Portal2,3

1) CIC nanoGUNE, Tolosa Hibilbidea 76, E-20018 Donostia – San Sebastián 
2) Donostia International Physics Center (DIPC), Paseo Manuel de Lardizabal 4, E-20018 Donostia 

– San Sebastián 
3) Centro de Física de Materiales (CSIC-UPV/EHU), Paseo Manuel de Lardizabal 5, E-20018 

Donostia – San Sebastián 

Modern core-hole-clock techniques provide clear experimental evidence that majority 
electrons residing in the 4s-level of Argon on Fe(110) and Co(001) are significantly longer-
lived than their minority-excited counterparts [1]. In direct connection we study elastic 
linewidths of electrons in localized Argon states originating from the coupling to the full, 
semi-infinite substrate. We employ a Green\\\’s function technique [2,3] on top of atomic 
orbital based slab calculations at the level of semi-local density functional theory. Our results 
fully support experimental observations and provide detailed insight into the underlying 
electronic structure at that level of theory. This allows us to study the relation between the 
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obtained linewidths and the band structure of each substrate and in particular the interplay 
with electronic gaps. In our calculations we include the core-hole explicitly in the 
pseudopotential of Argon. We account for the presence of an excited electron in the spin-
polarized 4s-state on Argon by constraining one electron to it.
[1] F. Blobner, et al., Phys. Rev. Lett. 112, 086801 (2014)
[2] M. Brandbyge, et al., Phys. Rev. B 65, 165401 (2002)
[3] D. Sánchez-Portal, Prog. Surf. Sci. 82, 313–335 (2007)
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Symp. 24: Non-Linear Optics of Materials and 
Nanoplasmonics

Organized by Elisa Molinari, Risto Nieminen,  
Claudio Attacalite, Myrta Gruning, V. Venard

Poster Area J

S24 544

First principle electro-optics in atomic and molecular solids

* Claudio Attaccalite1, Elena Cannuccia2, Myrta Gruning3

1) Institut Neel, CNRS, Grenoble France 
2) Laboratoire de Physique des Interactions Ioniques et Mol ́eculaires, Aix-Marseille Universit ́e/

CNRS 
3) School of Mathematics and Physics, Queen’s University Belfast, Belfast BT7 1NN, Northern I 

reland, UK 

The electro-optic effect corresponds to a change of the propagation of an electromagnetic 
wave in a material by a static external electric field.

This term covers a number of different phenomena consisting of the change of refractive 
index or absorption in a medium. The variations of the refractive have in interest both 
fundamental and applicative. In particular the variation of the absorption spectra under and 
external electric field is a common tool to experimentally identify the character of exciton in 
molecular and atomic solids.

This phenomenon is also used to build very efficient photoreceptors. Thanks to our 
approach in real time, we can simulate the presence of several dynamic or static electric 
fields at the same moment. This allow us to study how the optical properties change in solids 
in the presence of external fields. We present new results for semiconductors and molecular 
crystals.

S24 545

Plasmons in Transition-Metal Dichalcogenide Heterostructures

* Huseyin Sener Sen2, Lede Xian1, Angel Rubio1

1) NanoBio Spectroscopy Group and ETSF Universidad del País Vasco UPV/EHU, Donostia, Spain
2) Basque Country University 

Two dimensional transition-metal dichalcogenides (TMDs) are proven to be a good alternative 
to graphene, even being superior in some cases. One of the advantages over the graphene 
is the variety of transition-metal dichalcogenides resulting in the possibility of the creation of 
heterostructures with different properties. Here, we consider bilayer transition-metal 
dichalcogenide heterostructures composed of one metallic and one semiconducting layer, 
namely VSe2-MoSe2 bilayer as a prototype. We study the collective electronic excitations in 
this material using time-dependent density functional theory in the random phase 
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approximation. We show that there are two plasmons with different origins. One of them is 
created due to intraband transition in metallic layer, whereas, the other one is created due to 
interband transition mainly from semiconducting to metallic layer. By changing the lattice 
constant or interlayer separation it is possible to play with the strength and/or dispersion of 
the plasmons.

S24 546

Ab initio properties of palladium hydride cluster - large scale 
atomistic simulations with TDDFT

* Mikael Kuisma1, Paul Erhart1

1) Department of Applied Physics,Chalmers University of Technology 

In order for fossile fuels to be replaced by hydrogen based technologies, several production, 
infrastructural and storage challenges have to be resolved. Palladium, a known storage 
material, in nanoparticle form is currently intensely investigated in field of hydrogen sensing. 
Recent experimental investigations on both nano-particle ensembles [1] and individual 
nano-particles [2] clearly demonstrate the demand for a thorough understanding of the 
optical response of Pd nano-particles during hydrogen charging.

Based on a thermodynamical model for the Pd-H system nano-particles with different 
charging states are obtained. We then analyze the optical properties using a recent time 
dependent density functional theory implementation based on a real-time propagation 
method and linear combination of atomic orbitals (LCAO-TDDFT) [3].GLLB-SC potential is 
used for optical properties [4]. We also present a new analysis method, where a Kohn-Sham 
electron-hole decomposition to transition density matrix is performed real time. This allows 
to characterize the origin of peaks in the real-time propagation spectrum of PdH clusters.
[1] C. Wadel et al., Chemical Physics Letters 603, 75 (2014) 
[2] A. Baldi et al., Nature Materials 13, 1143 (2014)
[3] M. Kuisma et al., Phys. Rev. B 91, 115431 (2015)
[4] M. Kuisma et al., Phys. Rev. B 82, 115106 (2010)
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S24 547

Atomic-scale evolution of the structure of a plasmonic cavity: 
electronic transport versus optical properties

* Federico Marchesin1,2, Peter Koval1,2, Marc Barbry1,2, Daniel Sánchez-Portal1,2

1) Centro de Física de Materiales CFM-MPC, Centro Mixto CSIC-UPV/EHU, Paseo Manuel de 
Lardizabal 5, E-20018 San Sebastián, Spain 

2) Donostia International Physics Center (DIPC), Paseo Manuel de Lardizabal 4, E-20018 San 
Sebastián, Spain 

When two metallic nanoparticles are brought close enough and couple to an external electric 
field, surface plasmons can be excited producing subwavelength localization and 
enhancement of the electric field.

The recently developed Time-Dependent Density Functional Theory (TDDFT) code [1] in 
conjunction with the SIESTA Density Functional Theory (DFT) package [2] allowed us to 
explore the optical properties of such systems.

We successfully analyzed the optical behavior of two frozen sodium nanoclusters having 
hundreds of atoms in function of the distance between them [3].

Next, we allowed each cluster to relax in response to the presence of its neighbor. The 
observed structural rearrangements are large and have a clear reflection on the optical 
properties.

Calculated absorption cross-section and current flowing between the particles are used 
to characterized the system, showing the evolution of the plasmonic modes as a function of 
the interparticle distance.

A comparison with the unrelaxed case shows the important role of the atomic relaxation.

[1] P. Koval et al., J. Chem. Theory Comput., 9, (2010), 2654-2668
[2] José M. Soler et al., J. Phys.: Condens. Matter, 11, (2002), 2745-2779
[3] Marc Barbry et al., Nano Letters, Article ASAP, DOI: 10.1021/acs.nanolett.5b00759

S24 548

TDDFT simulation for early stage of non-thermal laser-processing

* Shunsuke A. Sato1, Kazuhiro Yabana1, Yasushi Shinohara2, Tomohito Otobe3, 
Kyung-Min Lee4, George F. Bertsch5

1) University of Tsukuba, Japan 
2) Max-Planck Institut, Germany 
3) JAEA, Japan 
4) Institute for Basic Science, South Korea 
5) University of Washington, U.S.A. 

We have investigated an early stage of non-thermal laser-processing of dielectrics which is 
realized using femtosecond laser pulses. In the early stage, electrons at the surface are 
strongly excited by the intense laser electric field. To investigate the phenomenon, we have 
developed a computational method combining the macroscopic Maxwell equation which 
describes propagation of laser electromagnetic fields and the time-dependent Kohn-Sham 
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equation which describes microscopic electron dynamics in the first-principles level. Since 
the spatial scales are very different between the laser electromagnetic field and the electron 
dynamics, we combine the two equations by a multiscale strategy, preparing coordinate 
grids of different spatial scale to solve them.

We simulated irradiation of sub 10-fs laser pulses on bulk SiO2. The simulation provides 
transferred energy density from the laser pulse to the solid as a function of the depth from 
the surface. We estimated laser-damage-threshold and ablation-depth by comparing the 
transferred energy density with melting and cohesive energies of bulk SiO2. We found that 
the results show fair agreement with recent measurements. We thus conclude that our first-
principles, multiscale simulation will be a promising tool for theoretical modeling and 
predictions of non-thermal laser processing.

S24 549

A jellium pseudopotential generator for modelling  
the plasmonic response of metal nanoparticles

* Daniel Clarke1, Lorenzo Stella1

1) Queen’s University Belfast 

Complex-shaped gold nanostructures display tuneable optical properties, with plasmonic 
resonances which can be varied from the visible to near-infrared spectral ranges. As such, 
they exhibit immense potential as optically-driven sources of heat in thermal cancer 
therapeutics [1]. Towards accurately modelling the sensitive morphology-dependence of the 
plasmonic response, we have developed and interfaced a jellium pseudopotential generator, 
applicable to more general nanostructure geometries, with the real-time, real-space, time-
dependent density functional theory (TDDFT) code OCTOPUS [2]. Such a quantum 
mechanical framework permits a complete account of electronic delocalisation effects, 
where classical electromagnetic simulations are not sufficient in providing a consistent 
description of plasmonic nanostructures [3]. Possible applications to modelling the 
photothermal behaviour of nanoparticle arrays, both ordered and disordered, in complex 
biological environments are finally discussed.
[1] Z. Qin and J. C. Bischof, Chem. Soc. Rev. 41, 1191 (2012).
[2] X. Andrade et al., Phys. Chem. Chem. Phys., Advance Article, (2015).
[3] L. Stella et al., J. Phys. Chem. C 117, 8941 (2013).
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S25 550

Edge structure of graphene nanoislands on Ni(111)

* Aran Garcia-Lekue1, Marc Olle2, Gustavo Ceballos2, Aitor Mugarza2,  
Pietro Gambardella3, Daniel Sanchez-Portal4

1) Donostia International Physics Center (DIPC), San Sebastian, IKERBASQUE, Bilbao 
2) Catalan Institute of Nanoscience and Nanotechnology (ICN2), Barcelona 
3) Catalan Institute of Nanoscience and Nanotechnology (ICN2), Barcelona; Department of 

Materials, ETH Zurich, Switzerland 
4) Donostia International Physics Center (DIPC); Centro de Física de Materiales, CSIC-UPV, San 

Sebastian 

Edges play a fundamental role in shaping the morphology and electronic properties of graphene 
nanostructures.[1] In epitaxially grown graphene, the interaction with the substrate can stabilize 
armchair, zigzag and reconstructed edges and induce complex graphene-metal boundaries.

We combine experiments by scanning tunneling microscopy (STM) and density functional 
theory (DFT) to reveal the most stable edge structures of graphene on Ni(111) as well as the 
role of stacking-driven activation and suppression of edge reconstruction.[2] DFT calculations 
show that depending on the position of the outermost carbon atoms relative to hollow and 
on-top Ni sites, zigzag edges have very different energies. Triangular graphene islands are 
exclusively bound by zigzag hollow edges. In hexagonal islands, which are constrained by 
geometry to alternate zigzag hollow and zigzag top edges along their perimeter, only the 
hollow edge is stable, whereas the top edges spontaneously reconstruct into the (57) 
pentagon−heptagon structure. Our results show that the structure and stability of the edges 
are dominated by the stacking of the edge atoms relative to the substrate.
[1] A. Garcia-Lekue et al., Phys. Rev. Lett. 112, 066802 (2014)
[2] A. Garcia-Lekue et al., J. Phys. Chem. C 119, 4072 (2015)
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S25 551

Electronic structure and magnetism  
in partially gated graphene ribbons

* Joydeep Bhattacharjee1, Rita Maji1

1) National Institute of Science Education and Research, Bhubaneswar, Odisha, India 

Properties of sp2 hybridized carbon networks evolve upon physical and chemical 
functionalization depending on the resultant modification to π-conjugation, which is modestly 
contested by the nearest-neighbor (nn) antiferromagnetism. In this work we explored the 
possibility of enhancing the contest by applying electric field perpendicular to graphene 
segments. Through mean-field Hubbard model based tight-binding studies, we show that, 
application of voltage in part of a unit-cell of zigzag or armchair ribbon, competition is 
introduced between the nn hopping and the gate voltage, in lowering the total energy. In the 
strong coupling limit (U>>t), the Hubbard term, which represents the on-site Coulomb 
repulsion between two dissimilar spins, systematically favours a transition from nn anti-
ferromagnetic to nn ferromagnetic correlation with increasing gate voltage. At ambient 
coupling (U~t) nn ferromagnetic correlationcan appear briefly for a range of gate voltage 
with non-magnetic ground states above and below. We also present first-principles 
calculations for the same systems and find similar behavior supplemented by spin-polarized 
space charge. Addditionally, partial gating also leads to non-trivial band-gap tuning and 
direct to in-direct transition.

S25 552

Local Field Effects in the susceptibility of surfaces or thin films

* Christine Giorgetti1, Nicolas Tancogne-Dejean1, Valérie Véniard1

1) Ecole Polytechnique, CNRS, CEA-DSM-IRAMIS, Université Paris-Saclay 

Optical properties of surfaces require to calculate the susceptibility tensor. We use TDDFT 
in reciprocal space, due to its efficiency for periodic crystals. For surfaces or thin films, 
periodicity is lost in the perpendicular direction. To calculate the susceptibility of a surface in 
a periodic framework, one builds a supercell which alternates slabs of material and vacuum.

A measurable quantity related to the susceptibility is the absorption spectrum. We show 
that the supercell method gives the correct absorption spectra for the in-plane directions, but 
fails for the perpendicular one, when the response to the external macroscopic potential 
accounts for inhomogeneities at the atomic scale (LFE). In this case, the method is equivalent 
to an effective medium theory for a slab of material and vacuum, and the absorption reaches, 
as expected, EELS, which is different from absorption.

We show that the problem comes from the use of a periodic system to describe a non-
periodic one when solving the Dyson equation relating the susceptibility and polarisability. 
We propose a new scheme called “selected G”, which allows the inclusion of LFE in the 
absorption spectrum of isolated thin film or surfaces. We illustrate this work on a slab with a 
clean Si(001)2x1 reconstruction.
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S25 553

Electronic and Mechanical Properties  
of Layered Pnictogen Materials

* Glenn Moynihan1, David D. O’Regan1

1) School of Physics, CRANN, and AMBER, Trinity College Dublin 

Single-layer black phosphorus, one of four suggested stable phases of monolayer 
phosphorus[1] (see Fig.1), has recently been identified as a particularly promising two-
dimensional material. With a tunable band-gap, high carrier mobility and anisotropic 
mechanical properties, it promises prospective uses in gas sensors, optical switches and 
composite fillers[2].

It has been shown that analogously structured, layered materials can be composed of 
heavier pnictogen elements, namely arsenic, antimony and bismuth. In this study, we 
calculate the electronic properties, mechanical stability (via density-functional perturbation 
theory and phonon bandstructures) and elastic constants of the monolayer, multi-layer and 
bulk phases of these pnictogen structures. 

The van der Waals interaction is approximated in each case using the empirical dispersion 
correction of the B97−D functional. Relativistic and spin-orbit effects are also of potential 
importance in these calculations, particularly for antimony and bismuth. We investigate 
whether spin-orbit coupling is a necessary requirement or if the scalar relativistic treatment 
is sufficient. 
[1] J. Guan, Z. Zhu, D. Tománek, Phys. Rev. Lett., 113, 046804 (2014).
[2] D. Hanlon et al., arXiv:1501.01881v1 [cond-mat.mes-hall] (2015).
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S25 554

Metal contact doping of monolayer transition metal 
dichalcogenides (TMDs)

* Mojtaba Farmanbar1, Geert Brocks1

1) University of Twente 

Transition metal dichalcogenides (TMDs) such as MoS2, WSe2, and WTe2, have received 
extensive attention because these TMD monolayers are direct band gap semiconductors. 
However, contacting TMDs to metal electrodes without creating a Schottky barrier is a 
problem. By using first-principles calculations, we investigate the Schottky barrier heights 
between TMDs and metals covering a wide range of work functions. We show that the 
interaction between metal substrates with TMDs leads to the formation of interface states 
with energies in the TMD band gaps and to Fermi level pinning. We insert a layer of hexagonal 
boron-niride (h-BN) to disrupt the interaction between the TMD layers and the metals, which 
restores the TMD electronic structure. In addition, a h-BN layer decreases the metal work 
function considerably, making it possible to obtain a Schottky barrier height for electrons.

S25 555

Nuclear quantum dynamics of carbon atoms in graphite

* Gabriella Graziano1,2, Matthias Gutmann2, Angelos Michaelides1,  
Felix Fernandez-Alonso2,3

1) Thomas Young Centre, London Centre for Nanotechnology and Deparment of Chemistry, 
University College London, London WC1E 6BT, UK 

2) ISIS Facility, Rutherford Appleton Laboratory, Chilton, Didcot, Oxfordshire OX11 0QX, UK 
3) Department of Physics and Astronomy, University College London, London WC1E 6BT, UK 

Although graphite has been the subject of an enormous body of experimental and theoretical 
work, a consistent physical picture describing the motion of the carbon atoms has still not 
been obtained. Here we use a combination of neutron scattering experiments, phonon 
calculations and molecular dynamics simulations to explore in detail the temperature 
dependence of the dynamics of the carbon atoms in graphite. Agreement between experiment 
and simulations is only obtained when quantum nuclear effects are accounted for, revealing 
that quantum nuclear effects are relevant to carbon dynamics right up to room temperature. 
These temperatures are common for many technological applications, especially those 
related to gas adsorption and molecular diffusion. Thus, the presented results pose some 
questions on what could be the correct model and computational technique to use in order 
to achieve a more realistic description of carbon–based materials.
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S25 556

First-Principles Study of the Charge Density Waves in VSe2

* Yang-hao Chan1, Mei-Yin Chou3

1) Institute of Atomic and Molecular Sciences, Academia Sinica, Taipei 10617, Taiwan 
2) Department of Physics, National Taiwan University, Taipei 10617, Taiwan 
3) School of Physics, Georgia Institute of Technology, Atlanta, GA 30332, USA 

Charge density waves (CDWs) are widely observed in the layered transition-metal 
dichalcogenides. Yet, the underlying mechanism of the formation of CDWs in different 
materials could be very different [1-2]. In this poster we present the first-principles calculations 
on VSe2. Our results agree with the experimental findings that the dominant CDW phase has 
a 4x4x3 supercell structure [3]. The band structure calculation also consists with ARPES 
results [4]. Besides the 4x4x3 CDW, we also find a weaker 4xR3x2 CDW instability which 
seems to agree with the recent experiment results found in VSe2 thin films. We show that the 
peak positions of the bare electronic susceptibility agree with CDW wave vectors, which 
suggests that the Fermi surface topology plays an important role in this material.
[1] K. Rossnagel, J. Phys.: Condens. Matter 23, 213001 (2011).
[2] X. Zho, Y. Cao, J. Zhang, E. Plummer, and J. Guo, PNAS 112, 2367 (2015).
[3] K. Terashima, T. Sato, H. Komatsu, T. Takahashi, N. Maeda, and K. Hayashi, Phys. Rev. B 68, 

155108 (2003).
[4] V. Strocov, M. Shi, M. Kobayashi, C. Monney, X. Wang, J. Krempasky, T. Schmitt, L. Patthey, H. 

Berger, and P. Blaha, Phys. Rev. Lett. 109, 086401 (2012).

S25 557

Adhesion at TiNi interfaces with Ta, Mo, and Si

* Alexander Bakulin1,2, Konstantin Tarasov2, Svetlana Kulkova1,2

1) Institute of Strength Physics and Materials Science of Siberian Branch of Russian Academy of 
Sciences 

2) National Research Tomsk State University 

Intermetallic TiNi alloy having excellent mechanical properties found widespread application 
in industry and medicine. In the latter case TiNi is used for different kinds of implants and 
various shape memory effect based fixation devices. For improvement of alloy surface 
properties including biocompatibility and corrosion resistance the modification of its surface 
by ion beam treatment or deposition of thin coatings of biotolerable chemical elements are 
applied. In this study the properties of interfaces (001) and (110) between TiNi and thin 
coatings (Ta, Mo, Si) are investigated by ab-initio method within density functional theory. It 
is shown that high adhesion properties can be attained at the Mo/TiNi(001)Ti interface, 
whereas the adhesion of Ta and Si films is less by 1.25 J/m2 and 2.48 J/m2, respectively. At 
the stoichiometric TiNi(110) surface the adhesion of metal films is slightly low. The investigation 
of metal-oxide interface is performed because titanium oxides can be formed at alloy surface. 
It is shown that the formation of oxides can result in decrease of adhesion at interfaces.

This work is supported by the Russian Foundation for Basic Research (14-02-91150_a_
NSFC) for the Chinese-Russian Cooperation.
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S25 558

Influence of halogens on bonding  
in surface layers of A3B5(001) surface

* Svetlana Kulkova1,3, Alexander Bakulin1,3, Tatyana Spiridonova2, Igor Smolin1

1) Institute of Strength Physics and Materials Science of Siberian Branch of Russian Academy of 
Sciences 

2) National Research Tomsk Polytechnic University 
3) National Research Tomsk State University 

A comparative study of adsorption of halogens (F, Cl, Br, I) on the polar (001) surface of 
GaAs and InAs in dependence on their concentration were performed by the projector 
augmented wave method. At low coverage by halogens our study reveals a strong ionic 
bond between adsorbate and surface cation atoms in case of cation-terminated surface 
whereas they prefer to interact with cation subsurface atoms near missing row on As-
terminated surface. The estimation of adsorbate charge shows that ~0.4-0.7e is transferred 
from surface to halogens. Influence of halogen coverage on electron energy spectra, 
densities of states and charge density distributions in surface layers is analyzed for both 
surface terminations. It is shown that the breaking of all dimers occurs at halogen coverage 
of 0.75 ML that results in (4×1) surface structure in the cation-rich limit. A weakening of the 
cation-anion bonds in the surface layers is discussed. We demonstrate that the bonding of 
cation monohalides with semiconductor substrate is weaker than that of halogen with surface 
in case of F, Cl and Br adsorption.

This work is partially supported by the Russian Foundation for Basic Research (13-02-
98017_r_a).

S25 559

Light absorption and exciton radiative lifetimes  
in two-dimensional transition metal dichalcogenides

* Maurizia Palummo1, Marco Bernardi2, Jeffrey C. Grossman3

1) ETSF, Dipartimento di Fisica dell’ Universita’ di Roma - Tor Vergata 
2) Department of Physics, University of California, Berkeley, California 94720, United States 
3) Department of Materials Science and Engineering, Massachusetts Institute of Technology, 77 

Two-dimensional (2D) transition metal dichalcogenides are being intensely investigated for 
application in solar cells and light-emitting devices. I will discuss our work based on ab-initio 
DFT, GW and BSE simulations, which has shown the extraordinary sunlight absorption of 
these monolayers and their unique potential to develop nm-thick solar cells with unprecedented 
power density and broadband sunlight absorption [1]. I will further present our recent first-
principles excited state calculations [2] of the intrinsic exciton radiative lifetimes which result 
of few picoseconds at low temperature and of few nanoseconds at room temperature in the 
monolayers, while slower in bulk and in homo and hetero-bilayers. In particular the last-ones 
exhibit very long-lived (∼20–30 ns at room temperature) interlayer excitons constituted by 
electrons localized on the Mo-based and holes on the W-based monolayer. The wide 
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radiative lifetime tunability, together with the ability to predict radiative lifetimes from 
computation, hold unique potential to manipulate excitons in TMDs and their heterostructures 
for application in opto-electronics and solar energy conversion.
[1] M. Bernardi, M. Palummo and J. C. Grossman, Nano Letters (2013) 13 (8), pp 3664–3670 DOI: 

10.1021/nl401544y
[2] M. Palummo, M. Bernardi, and J. C. Grossman, Nano Letters (2015) DOI: 10.1021/nl503799t.

S25 560

Structure, strain distribution and energetics  
of basal-plane dislocations in bilayer graphene

* Konstantin Weber1, Bernd Meyer1

1) Interdisciplinary Center for Molecular Materials and Computer-Chemistry-Center,  
FAU Erlangen-Nürnberg 

A recent TEM study [1] demonstrated that substrate-grown graphene bilayers are typically 
not perfect in registry, but contain a high concentration of basal-plane dislocations. Using 
atomistic simulations based on the registry-dependent potential of Kolmogorov and Crespi 
[2] we investigated the atomic structure and the properties of the 4 different types of 
dislocations with shortest possible Burgers vector in bilayer graphene, the thinnest imaginable 
crystal that can host such 1D defects.

We find that each of the 4 different dislocations splits into two partial dislocations. The 
partials are equally spaced due to the absence of a stacking fault energy, a peculiar property 
of bilayer graphene. Furthermore, partials with a step component give rise to a pronounced 
buckling of the graphene bilayer. An analysis of the atomic structure, local strain distribution, 
disregistry and dislocation energy of the dislocations will be given and we will highlight how 
their properties differ from textbook examples of dislocations in 3D crystals. Finally, the 
modification of the electronic structure of bilayer graphene by dislocations will be discussed.
[1] B. Butz, C. Dolle, F. Niekiel, K. Weber, D. Waldmann, H.B. Weber, B. Meyer, E. Spieker, Nature 

505, 533 (2014).
[2] A. Kolmogorov, V. Crespi, Phys. Rev. B 71, 235415 (2005).

http://arxiv.org/abs/1501.01881v1


Ψk-2015

 Abstracts of  Poster Session 2 •  Tuesday, September 8,  2015 715

S25 561

Ab-initio prediction of doping effects on the C 1s  
core level binding energy of graphene

* Efterpi Kalesaki1, Ludger Wirtz1

1) Physics and Materials Science Research Unit, University of Luxembourg, Luxembourg, 
Luxembourg 

The electronic properties of graphene differ significantly from freestanding to metal-supported 
samples. Graphene’s chemisorption on metals like Pd strongly perturbs its band structure, 
destroying the conical intersections at K. In physisorbed samples, as on Au, the linear 
crossings are left intact but the Fermi energy is shifted, marking graphene’s doping. The 
Dirac point shift (DPS), i.e., shift of the Fermi level relative to the Dirac point position, is 
equivalent to the change in graphene’s work function [1]. Doping shifts also the C1s core 
level. However, a relation between the core level shift (CLS) and DPS has not been 
established yet.

In the present contribution, we prove through density functional theory calculations that 
such a relationship exists. We study graphene sandwiched between Au layers and vary the 
graphene-metal distance so that graphene remains undoped or n-, p- doping is achieved. 
Initial-state calculations show a one-to-one relationship between CLS and DPS. However, 
when screening effects are included, we predict positive (negative) CLS with n- (p-) doping 
and a linear relationship with a slope of approximately one half between CLS and DPS.
[1] G. Giovannetti et al., Phys. Rev. Lett. 101, 026803 (2008).
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S25 562

Dirac Cones in Two-dimensional Borane

* Miguel Martinez-Canales1, Timur R. Galeev2, Alexander I. Boldyrev2,  
Chris J. Pickard3

1) University of Edinburgh 
2) Utah State University 
3) University College London 

Interest in two-dimensional materials has skyrocketed in the last few years, both from an 
experimental and theoretical point of view. From Dirac cones in graphene and novel 
phenomena in multilayer graphene, to spintronics in MoS2 monolayers, this is an area of 
very active research. A lot of effort is also spent in finding novel materials with promising 
properties.

In this work we introduce two-dimensional borane, a single-layered material of BH 
stoichiometry, with promising electronic properties. DFT calculations support the existence 
of Dirac cones meeting at the Fermy energy Ef with no other electronic state nearby. The 
curvature of the cones is lower than in graphene, and so closer to the ideal linear dispersion. 
Both symmetry and, in this case, electron counting arguments play a key role in the resilience 
of these cones. Chemical bonding analysis reveals the boron atoms in the network are 
bound by delocalized four-center two-electron σ bonds.

Its structure is formed by a puckered trigonal boron network with hydrogen atoms 
connected to each boron atom. We argue this layer may be produced by exfoliating a weakly 
bonded high-pressure polymorph.
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S25 563

The electronic and optical properties  
of the biphenylene carbon sheet

* Johann Lüder1, Carla Puglia1, Henrik Ottosson2, Olle Eriksson1, Biplab Sanyal1, 
Barbara Brena1

1) Department of Physics and Astronomy, Uppsala University 
2) Department of Chemistry - BMC, Uppsala University 

In this study, the electronic and optical properties of the two-dimensional carbon network 
biphenylene-carbon (BPC) were investigated. In low-dimensional materials like BPC, the 
excitonic effects in connection with large exciton binding energies are of great importance 
for technological applications such as in the field of solar energy and quantum information 
processing. Electron correlations and electron-hole interactions in BPC were accounted for 
by employing the GW approach and by solving the Bethe-Salpeter equation, respectively. 
Our results reveal characteristic excitonic features with an optical gap of 1.23 eV and with 
exciton binding energies of almost 300 meV as well as an intrinsic band gap of 1.52 eV.

S25 564

Electronic and Vibrational proprieties  
of graphene on Ir(111) and SiC(100)

* Henrique Miranda1, Alejandro Molina Sánchez1, Ludger Wirtz1

1) Physics and Materials Science Research Unit, University of Luxembourg, Luxembourg 

In the last years, graphene has become one of the most studied materials due to its peculiar 
electronic, optical, thermal, and mechanical properties. It is thus of major importance, for 
practical applications, to study how the electronic and vibrational proprieties of graphene 
change when deposited on a substrate.

The non-commensurability of the unit cell of graphene with the substrate leads to the 
formation of Moiré patterns with accordingly large supercell sizes. Ab-initio calculations 
using standard plane-wave based codes on these large systems are of high computational 
cost even for the ground-state calculations. We show the effect that such Moiré patterns 
have on the band structure by projecting the resulting electronic structure and phonon 
dispersion onto the unit cell of free-standing graphene with an unfolding scheme. We 
compare our results with HREELS measurements of the phonon dispersion of graphene on 
Ir(111).

The accurate knowledge of the interaction graphene-substrate will provide important 
information for future applications of graphene on electronic devices.

Work performed in collaboration with the experimental groups of J. Kroeger (TU Ilmenau, 
Germany) and T. Seyller (TU Chemnitz, Germany).
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S25 565

Valley Hall effect in silicene and hydrogenated silicene ruled by 
grain boundaries: an ab initio investigation

* Roberto Miwa1, Matheus Lima2, Ricardo Kagimura1, Adalberto Fazzio2

1) Universidade Federal de Uberlândia 
2) Universidade de São Paulo 

We have performed an ab initio theoretical study of the energetic stability and the electronic 
properties of pristine and hydrogen adsorbed grain boundaries (GBs) in silicene. We find 
that GBs in silicene present lower formation energy when compared with their counterparts 
in graphene. Removing the inversion symmetry, by applying an external electric field 
perpendicular to the silicene sheet, we verify the formation of valley-indexed metallic states 
lying along the GBs, characterizing the Quantum Valley Hall Effect (QVHE). Here, we find

the maintenance of the QVHE upon the presence of disordered and asymmetric 
geometries along the GBs. Those metallic states are suppressed upon the adsorption of H 
adatoms along the GBs. The H adatoms promote an unbalance on the electronic occupation 
of the unsaturated pi-electrons aside the hydrogenated GB rows, giving rise to (i) a net 
magnetic moment on the Si atoms along the edge sites of the hydrogenated GBs, and (ii) an 
electronic band structure characterized by a spin-polarized valley states protected against 
backscattering processes.

S25 566

New-class of Semiconducting 2D materials:  
Tin Dichalcogenides (SnX2)

* Can Ataca1, Kedi Wu2, Kayahan Saritas1, Sefaattin Tongay2, Jeffre C Grossman1

1) Department of Materials Science and Engineering, MIT 
2) Materials Science and Engineering, Arizona State University 

Recent studies have focused on a new generation of atomically thin films of semiconducting 
materials. A broad family of two-dimensional semiconducting transition metal dichalcogenides 
have been fabricated and investigated in monolayer, few layer and bulk form. In this work, 
we investigated the electronic, optical and elastic properties of single-few layer and bulk 
SnX2 (X=S,Se) theoretically and experimentally. Using density functional theory (DFT) in 
combination with quantum monte carlo (QMC) we carried out a stability analysis through 
phonon and electronic, optical and elastic structure calculations. Single-to-few layer SnX2s 
are mechanically exfoliated and Raman and photoluminescence measurements are taken. 
The UV-Vis absorption spectrum together with PL measurements are in agreement with our 
QMC calculations which predict an indirect gap of ∼2.5 eV for SnS2 structures (bulk). 
Comparison of various DFT functionals and QMC results will be discussed. We investigate 
the tunability of the energy band gap and indirect-direct gap transitions by controlling the 
number of layers as well as applying stress to the samples. Lowering the number of layers 
decreases the indirect gap (0.1-0.3 eV), although the indirect-direct gap transition occurs 
only when the layer-layer distance is reduced.
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S25 567

New phases of Germanene

* Engin Durgun1, Ongun Ozcelik1, Deniz Kecik1, Salim Ciraci1

1) UNAM-National Nanotechnology Research Center 

Germanene, a graphene like single layer structure of Ge, has been shown to be stable and 
recently grown on Pt and Au substrates. We show that a Ge adatom adsorbed to germanene 
pushes down the host Ge atom underneath and forms a dumbbell structure. This exothermic 
process occurs spontaneously. The attractive dumbbell-dumbbell interaction favors high 
coverage of dumbbells. This study heralds stable new phases of germanene, which are 
constructed from periodically repeating coverage of dumbbell structures and display diversity 
of electronic and magnetic properties. Using first-principles calculations based on DFT, we 
also investigate the dumbbell formation mechanisms and energetics of Group IV atoms 
adsorbed on graphene, silicene, germanene, and stanene monolayer honeycomb structures. 
The stabilities of the binding structures are further confirmed by performing ab initio molecular 
dynamics calculations at elevated temperatures, except for stanene which is subject to 
structural instability upon the adsorption of adatoms. We show that the energy barrier to the 
migration of a dumbbell structure is low due to the concerted action of atoms. This renders 
dumbbells rather mobile on substrates to construct new single and multilayer Si and Ge 
phases. (This work is supported by TUBITAK under the Project No. 113T050.)
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S25 568

Exploring III-IV-V Semiconductor Nanosheets from first principles

* G.P. Das1, A. Bhattacharya1, S. Bhattacharya1

1) Department of Materials Science, Indian Association for the Cultivation of Science,  
Kolkata - 700032, INDIA 

Tuning the band-gap of graphene inspired 2D nanosheets of Group IV and Group III-V 
materials is a challenging problem being attacked using various routes. We have found that 
alloying the III-V and IV-IV sheets leads to III-IV-V nano-composites, such as the BC2N 
sheet, having a lower band gap than their parent III-V counterpart, albeit with higher cohesive 
energies. Using first-principles hybrid density functional calculations, we have investigated 
[1] a family of group III-IV-V nanosheets that have their electronic band gap lying between 
0.13 - 1.0 eV, which is ideal for device applications. In particular, we compare the electronic, 
vibrational, mechanical and thermal properties of a set of III-IV-V sheets with their III-V and 
IV-IV counterpart. The cohesive energies of these III-IV-V sheets are found to be intermediate 
of their parent counterparts. The puckered geometry and presence of heterogeneous bonds 
may result in low thermal conductivity, due to scattering of low energy phonons at the junction 
of the III-V and IV-IV chains of these sheets.
[1] A. Bhattacharya, S. Bhattacharya and G.P. Das, Phys. Chem. Chem. Phys. 17, 1039 (2015).

S25 569

First-principle calculations of germane grown on Au (111) surface

* Lede Xian1, Seymur Cahangirov1, María Eugenia Dávila2, Guy Le Lay3, Angel Rubio1

1) Nano–Bio Spectroscopy group, University of the Basque Country UPV/EHU 
2) Instituto de Ciencia de Materiales de Madrid-ICMM-CSIC 
3) Aix-Marseille Université, CNRS, PIIM UMR 

Germanene, the graphene-like allotrope of germanium, promises many interesting properties 
in both scientific research and industrial applications. Following the success of graphene 
and silicene, attempts have been made to grow germanene on various substrates. With first-
principle calculations, we have studied different atomic structures of monolayer germanene 
on Au (111) surface. Our results reveal that a atomic model composed of a √3x√3 reconstructed 
germanene sheet on top of a √7x√7 Au(111) surface matches the STM and the core-level 
measurements in a recent experiment. Thus, we provide direct support to the growth of 
germanene on the gold surface. The atomic structure and electronic properties of the 
germanene layer, as well as the effect of the substrate and possible substitutions of gold 
atoms will be discussed.
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S25 570

Spin-orbit coupling and spin textures at oxide interfaces

* Fumiyuki Ishii1, Miho Nishida2, Naoya Yamaguchi3, Hiroki Kotaka2,  
Moh Adhib Ulil Absor2, Mineo Saito1

1) Faculty of Mathematics and Physics, Institute of Science and Engineering, Kanazawa University, 
Kanazawa, 920-1192, Japan 

2) Graduate School of Natural Science and Technology, Kanazawa University, Kanazawa, 920-
1192, Japan 

3) School of Mathematics and Physics, Kanazawa University, Kakuma-machi, Kanazawa 920-1192, 
Japan 

We have performed fully-relativistic first-principles density functional calculations for 
superlattice composed of two oxide insulators, (LaAlO3)n/(SrTiO3)n. Calculated band 
structures show interface-induced spin-split metallic states. We found electron doping in the 
TiO2 layer at LaO interface and hole doping in the AlO2 layer at SrO interface. Due to the 
built-in electric field at the interface, the interface states show spin splitting and vortex-like 
spin textures in momentum space, i.e. Rashba effect. Calculated Rashba coefficient, 10 
meVA–14meVA, is of the same order as that of the experimental value. We will discuss 
tunability of interface metallic states by using electric polarization, magnetic-atom doping 
and epitaxial strain. The Rashba splitting in ZnO film and interfaces are also discussed. 
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S25 571

Chemical Bonding of Transition-metal  
Co13 Clusters with Graphene

* Tomás Alonso-Lanza1, Andrés Ayuela1, Faustino Aguilera-Granja2

1) Centro de Física de Materiales (CSIC-UPV/EHU), Materials Physics Center (MPC), Donostia 
International Physics Center (DIPC) 

2) Instituto de Física, Universidad Autónoma de San Luis de Potosí 

We carried out density functional calculation to study Co13 clusters on graphene. We deposit 
several free isomers in different disposition respect to hexagonal lattice nodes, studying 
even the hcp 2d isomer recently obtained as the most stable one. Surprisingly, Co13 clusters 
bonded to graphene prefer icosahedron−like structures where the low lying isomer is much 
distorted, because it is linked with more bonds than in previous works. For any isomer the 
most stable position binds to graphene by the Co atoms that can lose electrons. We find that 
the charge transfers between graphene and clusters are small enough to conclude that the 
Co-graphene binding is not ionic-like but chemical. Besides, the same order of stability 
among the different isomers on doped graphene is well kept. These findings could also be 
of interest for magnetic clusters on graphenic nanostructures such as ribbons and nanotubes.
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S25 572

Polar 1D interfaces in monolayered materials

* Miguel Pruneda1

1) ICN2 - Institut Catala de Nanociencia i Nanotecnologia 
2) CSIC - Consejo Superior de Investigaciones Cientificas 

Polarity effects at surfaces, ultrathin films, and 2D interfaces between bulk materials have 
been subject of intense research activity for years. The advent of novel 2D materials has 
opened up a world of possibilities, as in this case the interfaces become one-dimensional 
(1D) lines. As for their 2D counterparts, some of these 1D interfaces exhibit polar 
characteristics, and can give rise to fascinanting physical properties. Examples include, (but 
are not limited to) edges of polar nanoribbons or interfaces of hybrid monolayered systems[1]. 
The fact that these 2D crystals are also piezoelectric[2], enabling actuation over the interfacial 
polarization charge [3] adds importance to understanding the physical properties and 
mastering a precise control over the growth processes in these monolayered systems. Here, 
ab initio calculations will be presented to show how polar discontinuities at 1D interfaces in 
monolayers can give electronic reconstructions similar to those observed at 2D interfaces 
between bulk oxides, and how these predictions correlated with recent experimental 
observations.
[1] Martinez-Gordillo & Pruneda, submitted (2015).
[2] Wu et. al. Nature 514, 7523 (2014).
[3] Martinez-Gordillo & Pruneda, PRB 91, 045411 (2015).
[4] Nat.Comm. 5 5403 (2014); NanoLett.14 5128 (2014); PRL 113,066105 (2014).
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S25 573

Giant excitonic effects in Graphene-like two dimensional systems

* Olivia Pulci1, Maria Stella Prete1, Paola Gori2, Adriano Mosca Conte1, Lars Matthes3, 
Friedhelm Bechstedt3

1) Dept. of Physics, University of Rome Tor Vergata 
2) Dept. of Engineer, University of Rome 3 
3) Friedrich Schiller Universitaet, Jena 

The electronic and optical properties of 2D systems are here investigated by ab-initio (DFT, 
GW and BSE approaches) and model methods [1,2]. We demonstrate that the infrared 
absorbance of Dirac systems such as Graphene, Silicene, and Germanene tends towards a 
universal value proportional to the fine structure constant [3]. Functionalizing these systems 
with Hydrogen opens a gap and induce huge excitonic effects [4].

Finally, we present a preliminary study of the electronic and optical properties Nitride- 
based 2D materials (BN, GaN, InN, AlN, TlN) [5].Confinement effects together with reduced 
2D screening strongly enhance excitonic effects, creating electron-hole pairs with large 
(~eV) binding energy and tunable optical gap, making these materials good candidates for 
novel optoelectronic devices also in the THz region.
[1] O. Pulci, et al. Phys. Stat. Sol.(b) 252, 72 (2015)
[2] P. Cudazzo, et al. Phys. Rev. B 84, 085406 (2011)
[3] F. Bechstedt, et al. Appl. Phys. Lett. 100, 261906 (2012); L. Matthes et al., New J. Phys. 16, 

105007 (2014)
[4] O. Pulci et al., EPL 98, 37004 (2012)
[5] H. Sahin, et al., Phys. Rev. B 80, 155453 (2009)
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S25 574

Magnetic Properties of MoS(Se) Naroribbons

* Ludmiła Szulakowska1, Paweł Potasz1, Arkadiusz Wójs1

1) Wrocław University of Technology 

We investigate the electronic structure and magnetic properties of MoS2, MoSSe and MoSe2 
nanoribbons (NRs). They belong to low-dimensional transition metal dichalcogenide (TMDC) 
crystals, which have a layered structure of metal atoms enclosed within two sulphur 
(selenium) planes with the atoms hexagonally packed within layers [1]. 

The electronic properties of MoS(Se)2 can strongly depend on atom termination. ‘S-edge’ 
and ‘Mo-edge’ types account for their metallic, semi-metallic or semiconducting behaviour 
[1] and affect the magnetic properties of NRs [3].

We consider armchair-edged and zigzag-edged crystals with different sulphur and 
selenium edge coverage percentages, various edge terminations and passivations. The 
nanostructures’ geometry has been optimised within density functional theory (DFT) 
methods, followed by studies of their electronic properties. Spin-resolved calculations have 
been performed to analyse spin-polarisation and magnetic moments of NRs [2,3]. 
[1] H. Pan, and Y. Zhang, J. Mater. Chem., 22 7280 (2012).
[2] F. Ouyang, Z. Yang, X. Ni, N. Wu, Y. Chen, and X. Xiong, Appl. Phys. Lett. 104, 71901 (2014).
[3] E. Erdogan, I.H. Popov, A.N. Enyashin, and G. Seifert, Eur. Phys. J. B 85 (2012).

S25 575

A Theoretical Study of the Electrical Contact Between 
Heterostructures of Single-Layer MoS2

* Wendel Paz1, Daniel Bejarano1, Juan Jose Palacios1

1) Universidad Autónoma de Madrid 

The presence of a finite bandgap and excellent electrostatic gate coupling in ultrathin two-
dimensional materials such as molybdenum disulphide (MoS2) make them interesting for 
electronics based on the current complementary metal oxide semiconductor (CMOS) 
paradigm and draws intensive attention because their peculiar electrical, optical, mechanical, 
and chemical properties[1].

In this work, we present a theoretical study of the electrical contact between the two known 
phases of MoS2 monolayer crystals. The experimentally reported possibility for MoS2 to present 
both phases in the same crystal opens a new venue for low-resistance current injection into the 
semiconducting phase, thus avoiding the problems associated with the direct contact between 
standard metals and the semiconductor. Here we present tightbinding (TB) and density functional 
theory (DFT) calculations of the electrical transport properties of such interfaces, emphasizing 
the effects of the edge, in the electrical and transport properties. Advantages associated to both 
the natural edge-contact geometry and the similar chemistry of the metal and the semiconductor 
are evident from our transmitance calculations in nanoribbon heterojunctions. 
[1] Liu, H. et al. Switching mechanism in single-layer molybdenum disulfide transistors: An insight into 

current flow across Schottky barriers. ACS Nano 8, 1031§1038 (2014).
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S25 576

w-ZnO bulk and nanowire structures under large uniaxial 
stresses: electronic properties and elastic properties

* Lucy A. Valdez1, Ricardo A. Casali1

1) Facultad de Ciencias Exactas, Universidad Nacional del Nordeste 

ZnO is a semiconductor with a wide range of technological applications due to its physical 
advantages: direct wide band gap, large excitation binding energy, high thermal conductivity 
and piezoelectricity. Some of the ZnO properties are improved in the nanosize scale, 
specially its electronic and elastic properties. For this reason, we have studied ZnO(B4) 
nanowire and bulk material in order to compare changes of physical properties due to 
confinement. We analyzed wurzite ZnO using SIESTA (LDA,GGA,LDA-GGA) and ABINIT 
(LDA) codes. The calculated phonon optical modes, are in excellent agreement with other 
theoretical and experiment results, specially when using the LDA-GGA hybrid functional. 
ABINIT code provide a lattice parameters, bulk modulus, elastic and piezoelectric constants 
close to experiments. Also thermo-acoustic properties are assessed. 

ZnO nanowires, expanded along [0001] direction, with non-interacting hexagonal shapes 
and 48, 96, 108 and 192 atoms cells, were studied with the SIESTA (LDA, GGA) code. By 
the application of uniaxial stresses until 100 GPa, we have calculated the Young modulus, 
Poisson coefficients, break tensile and NW 1D bands structure. NW-LDA band gaps are 
larger than the calculated in bulk material and show negative pressure derivatives. 
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S25 577

Novel Graphene Derivatives Obtained  
via Reactivity of Fluorographene

* Frantisek Karlicky1, Athanasios Bourlinos2, Matus Dubecky1, Eva Otyepkova1,  
Petr Lazar1, Radek Zboril1, Michal Otyepka1

1) Regional Centre of Advanced Technologies and Materials, Department of Physical Chemistry, 
Faculty of Science, Palacky University, 17. listopadu 12, 771 46 Olomouc, Czech Republic 

2) Physics Department, University of Ioannina, Ioannina 45110, Greece 

Fluorographene[1,2] is a two-dimensional graphene derivative with promising application 
potential.[3] However, its reactivity is not understood and we have systematically explored 
reactions with KI[1], NaSH[4], and NaOH.[5] The C–F bond dissociation energies for homo- 
and heterolytic cleavage are above 100 kcal/mol, but the barrier of SN2 substitution is 
significantly lower.[5] For example, the experimentally determined activation barrier of the 
fluorographene reaction with NaOH in acetone equals 14 ± 5 kcal/mol. The considerable 
reactivity of fluorographene indicates that it is viable precursor for the synthesis of graphene 
derivatives and cannot be regarded as a chemical counterpart of Teflon. Therefore, 
thiofluorographene[4] is a product example of covalent chemistry on fluorographene, enabling 
the attachment of –SH groups through nucleophilic substitution of fluorine in a polar solvent.
[1] Zboril R., Karlicky F., Bourlinos AB., et al., Small 6 (2010) 2885

[2] Nair RR., Novoselov KS., Geim AK., et al. Small 6 (2010) 2877

[3] Karlicky F., Datta KKR., Otyepka M., Zboril R., ACS Nano 7 (2013) 6434

[4] Urbanová V., Holá K., Bourlinos AB., et al. Adv. Mater. 27 (2015) 2305

[5] Dubecky M., Otyepkova E., Lazar P., et al. J. Phys. Chem. Lett. 6 (2015) 1430 
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S25 578

Two dimensional electron gas at bare oxide surfaces:  
some insights from ab initio calculations

* Francisco Gonzalez Pinto1,2, Verónica Vildosola1, Marcelo Rozenberg2,3,  
Ruben Weht1

1) Gerencia de Investigación y Aplicaciones, CNEA, 1650- San Martin, Argentina 
2) Facultad de Ciencias Exactas y Naturales, UBA, (1428) Buenos Aires, Argentina 
3) Laboratoire de Physique des Solides, CNRS-UMR 8502, Université Paris-Sud, F-91405 Orsay, 

France 

The discovery of a two dimensional electron gas (2DEG) at the interface between two large 
band gap insulating perovskite oxides, LaAlO3 and SrTiO3, opened a spectrum of new and 
interesting possibilities, such as 2D magnetism, 2D superconductivity controlled by electric 
fields and their implementation in the development of all oxide devices. Recently, 
photoemission experiments revealed the presence of a similar 2DEG at the much simpler 
bare surface of certain oxides, as for instance SrTiO3 and KTaO3. However, the mechanism 
by which this 2DEG is formed is still under debate. In this work we critically analyze, using 
ab initio calculations, the influence of particular structural characteristics (oxygen octahedra 
tilting and ferroelectric surface distortions) of the stoichiometric SrTiO3 (001) surface on its 
electronic properties. We also study the effects of the potential created near the surface 
employing a tight binding model in order to explain the most recent ARPES experiments.

S25 579

From Epitaxial to Hydrogen-Intercalated Graphene on 3C-SiC: 
Electronic-Structure Theory of Tunable Substrate Interactions

* Lydia Nemec1, Patrick Rinke1,2, Volker Blum1,3, Matthias Scheffler1

1) Fritz-Haber-Institut der MPG, Berlin, D 
2) Aalto University, Helsinki, Fi 
3) Duke University, Durham, NC, USA 

We present an ab initio study of epitaxial graphene on the Si face of SiC based on all-
electron density-functional theory using the van der Waals corrected PBE density functional. 
The experimentally observed graphene/SiC commensurate structures (up to ~2000 atoms) 
were chosen in our simulations.

Epitaxial graphene on SiC can be grown with excellent quality by high-temperature Si 
sublimation. We show that these large-scale ordered graphene phases are likely a result of 
thermodynamic equilibrium conditions and predict stability ranges for the partially covalently 
bonded zero-layer graphene (ZLG) and epitaxial mono-layer graphene (MLG) [1].

Hydrogen intercalation decouples the ZLG layer from the substrate, forming quasi-free-
standing monolayer graphene (QFMLG). We demonstrate, that hydrogen intercalation 
improves the structural and electronic properties. For QFMLG, we find an adsorption height 
in excellent agreement with X-ray standing wave experiments [2]. A comparison between the 
electronic structure of these different phases reveals that the unsaturated Si atoms at the 
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graphene/SiC interface induce states close to the Fermi level. These states disapear when 
the interface Si atoms are hydrogen saturated.
[1] L. Nemec, V. Blum, et. al, PRL 111, 65502 (2013).
[2] J. Sforzini, L. Nemec, et. al, PRL 114, 106804 (2015).

S25 580

From silicene and germanene monolayers to multilayers:  
a first- principles study 

* Florian Gimbert1, Chi-Cheng Lee2, Antoine Fleurence1, Rainer Friedlein1,  
Yukiko Yamada-Takamura1, Taisuke Ozaki3

1) Japan Advanced Institute of Science and Technology 
2) National University of Singapore 
3) Institute for Solid State Physics, The University of Tokyo 

Freestanding silicene and germanene, the counterparts of graphene made of Si and Ge atoms 
respectively, have graphene-like electronic structure with a low buckled structure.It is established 
that the interactions with the substrates have a distinct influence on the structural and electronic 
properties of the layers. As density functional theory calculations have so far consistently 
predicted that low-buckled silicene is the most stable form of free-standing Si allotropes, it has 
been shown recently that the addition of Si adatoms to pristine silicene results in the formation 
of a dumbbell structure with a lower total energy per atom. An even higher cohesive energy can 
be achieved toward the complete coverage of adatoms, equivalent to the structure of MoS2.

We report the results of first-principles calculations in which we investigated the stability 
of these new Si and Ge phases. The results are compiled for a wide range of lattice constants 
and compared to those of other two-dimensional silicon structures. Such novel Si and Ge 
nanostructures bring new possibibilities for the interpretation of structural and electronic 
properties of experimentally realized “multilayer silicenes or germanenes”.

S25 581

Is few-layer phosphorene a true van der Waals material?

* Luke Shulenburger1, Andrew Baczewski1, Zhen Zhu2, Jie Guan2, David Tomanek2

1) Sandia National Laboratories 
2) Michigan State University 

Layered systems including graphite, transition metal dichalcogenides, and more recently 
black phosphorus have been rapidly attracting attention owing to the ease of exfoliating 
them to 2D monolayers with intriguing electronic properties. Since it is widely believed that 
interlayer bonding in these systems is dominated by dispersive forces, such solids are 
commonly referred to as ‘van der Waals solids’. We report a series of quantum Monte Carlo 
(QMC) calculations for bulk black phosphorus and related few-layer phosphorene, which 
show that the weak interlayer interaction in these systems is very different from purely 
dispersive van der Waals forces. Unlike in noble gas solids that are held together by a van 
der Waals attraction, we find that the interlayer interaction in few-layer phosphorene is 
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associated with a significant charge redistribution, caused by changes in the non-local 
correlation of electrons in adjacent layers. Consequently the designation ‘van der Waals 
solids’ is improper for systems including few-layer phosphorene.

S25 582

2D Fe-pnictide nanostructure grown on MnAs:  
Arsenic-bridged magnetic interactions

* Christian Helman1,2, Valeria Ferrari1,3, Ana Maria Llois1,3

1) Departamento de Física de la Materia Condensada, GIyA-CAC-CNEA, Avenida General Paz 
1499, (1650) San Martín, Pcia. de Buenos Aires, Argentina 

2) Escuela de Ciencias y Tecnologias - Campus Miguelete (1650) - Universidad Nacional de San 
Martin - Argentina 

3) Consejo Nacional de Investigaciones Científicas y Técnicas, CONICET, Argentina. 

In recent years, due to the technological importance in the realm of spintronic devices, there 
has been theoretical as well as experimental interest in the study of Fe films grown on 
metallic and on semiconducting substrates. Much effort has been devoted to the properties 
of nanometer thick Fe epilayers epitaxially grown on MnAs/GaAs(001). This is motivated by 
the future potential applications of MnAs films as active magnetic templates controlling the 
magnetic properties of the overlayer through temperature tuning. Within this context, the Fe 
monolayer coverage limit has not yet been approached.

In this presentation, we analyse the extreme case of a Fe monolayer deposited on MnAs 
using DFT. It is found that a FeAs quasi 2D antiferromagnetic nanostructure emerges, which 
is magnetically almost decoupled from the substrate due to bridging effects of the arsenic 
atoms of the interface. The magnetic interactions display an angular dependence characteristic 
of a superexchange-like behaviour, which are being modelled by a Heisenberg type Hamiltonian. 
The magnitude of the obtained interactions are similar to those appearing in Fe-based pnictides.

As a whole, the FeAs emerging nanostructure constitutes a 2D object which presents a 
nearly unsupported behaviour and that poses a challenge for heterostructure-based interface 
engineering.
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S25 583

Ab initio studies of heterostructures consisting  
of carbon and boron nitride layers

* Malgorzata Sznajder1, Mikolaj Grabowski1, Mikolaj Sadek2, & Jack A. Majewski2

1) University of Rzeszow, Faculty of Mathematics and Natural Sciences, Poland, Rzeszów, Poland
2) Faculty of Physics, University of Warsaw, ul. Pasteura 5, 02-093 Warszawa, Poland

We present ab initio studies in the framework of DFT of heterostructures consisting of carbon 
and boron nitride layers. We investigate the bonding at the interface between thick layers of 
diamond and cubic BN grown along [001] and [111] crystallographic directions, the graphene 
mono and bilayers on hexagonal BN, and vertical heterostructures of graphene and boron 
nitride honeycomb monoatomic layers of the type BN/graphene/BN and graphen/BN/
graphene. We determine morphology of the structures, character of bonding, and electronic 
properties. In particular, we investigate the role of van der Waals interaction (taken into 
account through an empirical potential augmented to the DFT functional) in the inter-planar 
binding energy. For diamond/c-BN junctions, we employ a slab with 208 atoms and study 
interface reconstructions involving mixed C-N and C-B layers that could diminish the charge 
resulting from the heterovalent character of the diamond/c-BN interface and lead to interface 
stabilization. In the case of graphene-BN vertically stacked layers, our studies reveal the 
physical mechanisms leading to the opening of the gap due to symmetry constraints.
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S25 584

Electronic Properties and Chemical Reactivity  
of TiS2 nanoflakes from first principles

* Clotilde Cucinotta1, Stefano Sanvito1

1) Trinity College Dublin 

Transition metal dichalcogenides have a laminar structure, weakly bound through van der 
Waals interactions. They are of special interest also because of the unique properties stemming 
from their exfoliation in nanoflakes. By means of ab initio simulations we study the oxidation 
process of a TiS2 nanoflake, in terms of electronic structure, reaction energies and pathways. 
We find that the oxidation process is thermodynamically and kinetically viable when initiated 
by the generation of a surface vacancy, with an energy barrier of about 1 eV. A fine tuning 
control of the gap of this material is enabled by O-insertion. Important technological applications 
for surface catalysis and photovoltaics are enabled by this possibility.
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S25 585

Temperature effects on the optical properties of single-layer MoS2

* Alejandro Molina-Sanchez1, Maurizia Palummo2, Andrea Marini3, Ludger Wirtz1

1) Physics and Materials Science Research Unit, University of Luxembourg 
2) Physics Department, University of Rome Tor Vergata 
3) Istituto di Struttura della Materia, CNR, Rome 

Single-layer MoS2 is a prominent semiconductor alternative to graphene in transistors and 
photovoltaics applications. The optical properties of this 2D-materials depend strongly on 
the number of layers and are very sensitive to external perturbations such as temperature 
and strain.

The electron-phonon interaction determines the effects of temperature on the optical 
properties. Working in the framework of the GW method, we add the contribution of the 
electron-phonon coupling to the self-energy. We can study changes in the band structure 
due to temperature effects by calculating the spectral function of each electronic state. A first 
result is the renormalization of the quasi-particle energy, even at zero Kelvin (due to the 
zero-point motion of the ions). In the case of strong electron-phonon interaction, we can 
observe a breakdown of the quasi-particle approximation. This makes it difficult to identify a 
sole quasi-particle peak in the spectral function. In addition, we discuss the role of the spin-
orbit interaction in the temperature effects.

The thermal broadening of the electronic states have consequences on the excitonic 
effects. We can assign to each exciton a finite non-radiative lifetime and the temperature can 
also modify the binding energy. We also discuss the impact of electron-phonon coupling on 
recombination processes and valley physics.

S25 586

Strongly bound excitons in hexagonal BN:  
From monolayer to bulk

* Hung-Chung Hsueh1

1) Department of Physics, Tamkang University, Tamsui, New Taipei City, Taiwan 

Due to reduced charge screening and enhanced electron-electron correlation in low-
dimensional systems, significant excitonic effects were observed in the optical response of 
atomically thin materials, such as graphene and transition metal dichalcogenides. This 
pronounced electron-hole interaction dominating the optical spectra by inducing strongly 
bound excitonic states below the quasiparticle bandgap paves the way for the promising 
applications of 2D nanosystems in next-generation optoelectronic and photonic devices. As 
a graphene analogue, atomically thin hexagonal BN (h-BN) has recently attracted growing 
attention due to its wide bandgap and excellent thermal and chemical stability. Indeed, large-
area mono- and few-layer h-BN have been synthesized successfully thanks to the progress 
of modern nanotechnology. In this study, we will perform first-principles GW+BSE calculations 
which could address properly the sophisticated quasiparticle self-energy and electron-hole 
interaction within many-electron systems to explore the dimensional reduction effects on the 
optical spectra of few-layer h-BN nanosheets.
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S25 587

First-principles study of hydrogenated and fluorinated graphene 
layers on metallic substrates 

* Magdalena Popielska1, Maciej Marchwiany1,2, Jacek A. Majewski1

1) Faculty of Physics, University of Warsaw, ul. L. Pasteura 5, PL-02-093 Warsaw, Poland 
2) Interdyscyplinary Centre of Mathematical and Computational Modeling (ICM), University of 

Warsaw, ul. Pawinskiego5a, PL-02-106 Warsaw, Poland 

Hydrogenation or fluorination of graphene layers can effectively modify electronic structure 
of the materials and result in the whole range of intriguing physical phenomena, such as 
metal-to-insulator transition or room temperature ferromagnetism. The aim of this paper is to 
study the influence of metallic substrates Ni(111) and Cu(111) on hydrogenated and 
fluorinated graphene layers and to check their impact on energetics, electronic and magnetic 
properties of such systems. For these studies, we employ the density functional theory 
(DFT) based numerical packages. We first study the effect of the hydrogenation and 
fluorination at various coverage on the freestanding graphene layers (up to three monolayers) 
with different types of stacking. Then we investigate the effect of metallic substrates on the 
syyems investigated. All of these calculations are done in the framework of the adiabatic-
connection fluctuation-dissipation theorem (AC-FDT) in the random phase approximation 
(as implemented in the VASP package), which have been proved to lead to natural inclusion 
of the nonlocal van der Waals interactions. The comparison between results obtained within 
the AC-FDT method and recently published results based on the semi-empirical vdW 
functionals (e.g., vdW-DF, vdW-DF2) is also presented.

S25 588

The electronic structure of multinary III/V semiconductors 
depending on various configurations for a first principles 
computation of optical properties

* Phil Rosenow1, Ralf Tonner1

1) Phillips-Universität Marburg, Department of Chemistry 

Multinary III/V-semiconductor quantum wells are a promising candidate for the integration of 
laser devices on silicon, as they allow tuning lattice constant and band gap by varying the 
composition. The computation of the optical properties of semiconductor quantum wells 
usually starts from a kp-theory description of the band structure.[1] Extracting the input 
parameters from density functional theory computations instead interpolating between 
experimentally obtained quantities allows not only the prediction of new materials, but also 
permits to study the effect of different atomic configurations for a given configuration on the 
electronic structure. Using the TB09 (MBJLDA) functional, we studied dilute GaAs, e.g. 
Ga(NAsP), with different compositions and configurations. In the procedure employed here, 
the bandstructures of a supercell are mapped to a primitive zinc blende type cell for further 
analysis (“unfolded”). From this effective band structure (see figure), input parameters for a 
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kp-treatment are obtained by fitting the appropriate band anticrossing Hamiltonian to the 
DFT results.

[1] N. Koukourakis, C. Buckers, D. A. Funke, N. C. Gerhardt, S. Liebich, S. Chatterjee, C. Lange, M. 
Zimprich, K. Volz, W. Stolz, B. Kunert, S. W. Koch, M. R. Hofmann, Appl. Phys. Lett. 2012, 100, 
092107.

S25 589

Exciton states in monolayer transition metal dichalcogenides: 
WSe2 as a test case and the more intriguing MoSe2 one 

* Iann C. Gerber1, Gang Wang1, Thierry Amand1, Xavier Marie1, Bernhard Urbaszek1

1) Université de Toulouse, INSA-CNRS-UPS, LPCNO, 135 Av. de Rangueil, 31077 Toulouse, France 

The light-matter interaction in TMDC monolayer such as MoS2 or WSe2 is strongly enhanced 
when the incoming electromagnetic wave is in resonance with the energy of the exciton 
states of strongly Coulomb bound electron-hole pairs below the electronic band gap. 
Excitonic spectrum of WSe2 can be experimentally determined using 1- and 2-photon 
excitation spectroscopy, and directly compared to GW+BSE absorption spectra as in Ref. 
[1]. However the agreement between experimental theoretical data is only qualitative. Its 
origin will be discussed. 

Besides we will present a possible explanation of the huge difference between MoS2 
and MoSe2 circular polarization degree of the photoluminescence, which is 10 times lower 
in the latter [2]. Indeed G0W0 calculations show in the conduction band along the K − Γ 
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direction a local minimum that is energetically and in k-space close to the global minimum 
at the K-point [3]. This has a potentially strong impact on the polarization and energy of the 
excitonic states.
[1] G. Wang et al, PRL 114 097403 (2015) 
[2] G. Wang et al, APL 106 112101 (2015) 
[3] G. Wang et al, submitted to Phys. Rev X (arXiv:1504.06333)
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S25 590

Effect of shear strain on band structure  
and electronic properties of phosphorene

* Yashasvi Singh Ranawat1, Rishabh Jain1

1) IIT (BHU), Varanasi, India 

We present an ab-initio investigation of effects of shear strain on band structure and electronic 
properties of 2D phosphorene. We carried out DFT calculations to determine the shear 
stress as a function of shear strain and found the monolayer phosphorene has ultimate 
strength at shear strain 30% and 35% in armchair and zigzag directions, respectively, and it 
was also found that the monolayer extends in z direction on applying shear strain in both 
directions. Additionally we derived band structures of phosphorene and effective electron 
and hole masses along both directions under shear strain and have shown that band gap in 
phosphorene decreases along both directions and that phosphorene shows a semi-metal 
nature on applying shear strain of magnitude 30% in both directions. The electrical 
conductivity of phosphorene was estimated by effective mass along zigzag and armchair 
directions and it is shown that the electrical conductivity is far higher along armchair direction 
and that, with increasing shear strain, conductivity increases along armchair, up to ultimate 
strength, and zigzag directions. 
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S25 591

Low-energy one-dimensional line defects in single-layered 
phosphorene: A first principles study

* Woosun Jang1, Kisung Kang1, Aloysius Soon1

1) Department of Materials Science and Engineering, Yonsei University, Seoul, South Korea 

Interfaces such as grain boundaries and line defects are the predominat sites where 
mechanical failure, segregation of impurities, and nucleation may occur. Of late, phosphorene 
– the new member to the two-dimensional nanomaterials, has attracted much attention its 
high carrier mobility and good mechanical flexibility. [1-4] In this study, using density-
functional theory, we investigate the energetics and electronic structure of a single-layered 
phospohrene with various line defects. We have generated different line defect models 
based on a fault method, rather than the classical rotating method. This has allowed us to 
generate new line defects with a much lower defect formation energy (even when compared 
to that found on graphene and h-BN), and we show how these low-energy line defects 
could well modulate the electronic band gap energies of this new two-dimensional 
nanomaterial. [5]
[1] E. S. Reich, Nature, 506, 19 (2014)
[2] X. Peng et al., Phys. Rev. B. 90, 085402 (2014)
[3] A. Ramasubramaniam et al., J. Appl. Phys. 111, 054302 (2012)
[4] H. Liu et al., ACS Nano, 8, 4033 (2014)
[5] Y. Liu et al., Nano Lett. 14, 6782 (2014)

S25 592

Field effect transistor devices based on two-dimensional 
heterostructures investigated by large-scale DFT+NEGF 
simulations

* Daniele Stradi1, Nick P. Andersen1, Mads Brandbyge1

1) Center for Nanostructured Graphene & Department of Micro and Nanotechnology, Technical 
University of Denmark 

Two-dimensional (2D) semiconductors such as transition metal dichalcogenides (TMDs) are 
attracting considerable interest as novel channel materials for atomically thin and flexible 
field effect transistor (FET) devices. Recently, a promising “all-2D” FET setup has been 
proposed which employs graphene as the electrode material, and encapsulation to protect 
the device from the environment. However, this strategy still lacks a set of design rules 
providing guidelines on how to shape the device in order to achieve maximum performance. 
In this contribution, we have characterized the role of the stacking order in a model device 
formed by a MoS2 channel contacted by graphene electrodes. Our calculations are made 
possible by recent developments in TranSIESTA to tackle gated device systems of large 
dimensions (~1000 atoms) fully accounting for the lattice mismatch between the 2D layers. 
Our simulations show that the stacking order of the different 2D materials has a significant 
impact on the the I-V characteristics of the device, which are determined by the Schottky 
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barrier at the interface and the number of carriers available in the graphene for injection into 
the TMD channel. Our results are relevant for the design of FETs based entirely on two-
dimensional materials.

S25 593

Semi-Empirical Description of Kohn Anomalies  
in the Phonon Dispersion of Graphene

* Sven Reichardt1,2, Ludger Wirtz1

1) Physics and Materials Science Research Unit, Université du Luxembourg 
2) JARA-FIT and 2nd Institute of Physics, RWTH Aachen University 

In recent years, the ab initio description of the phonon dispersion relation of graphene, 
including its optical branches, which feature Kohn anomalies, has become more and more 
accurate. However, for computations with a large number of atoms or on a very dense q 
point grid, the commonly used methods, such as DFT(+GW), are computationally too 
expensive.

Instead, it is more feasible to use a force-constant model fitted to the ab initio phonon 
dispersion, which only depends on a small set of parameters. A finite set of real-space force 
constants, however, leads to a dynamical matrix which is analytical and hence fails to 
reproduce the Kohn anomalies.

To circumvent this problem, we present an approach in which the non-analytical part of 
the dynamical matrix is fitted with a non-analytical function in Fourier space. We show that 
this approach is able to accurately model the phonon dispersion of graphene, even at and 
around the Kohn anomalies.

S25 594

Excitons in two-dimensional quantum-dot superlattices

* Anvar Baimuratov1,2, Ivan Rukhlenko1,2, Vadim Turkov1, Alexander Baranov1, 
Anatoly Fedorov1

1) ITMO University, 197101 Saint Petersburg, Russia 
2) Monash University, Clayton Campus, Victoria 3800, Australia 

Superlattices made of periodically arranged semiconductor quantum dots are promising 
structures for nanophotonics applications due to almost unlimited degrees of freedom 
enabling fine tuning of their optical responses. By combining the strong spatial confinement 
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of elementary excitations inside quantum dots and exceptional design flexibility, quantum-
dot superlattices provide broad opportunities for engineering desired optical responses and 
developing superior light manipulation techniques on the nanoscale. In particular, by 
calculating the excitonic spectra of quantum dots assembled in two-dimensional Bravais 
lattices we demonstrate a wide variety of spectrum transformation scenarios upon alterations 
in the quantum dot arrangement. We demonstrate that the variation of the superlattices’s 
parameters (such as the symmetry of the periodic lattice and the properties of the quantum 
dots or their environment) enables an unprecedented control over its optical properties, thus 
paving a way towards the development of novel nanophotonics materials. These opportunities 
offer an unprecedented control over the optical properties of the superlattices, which may be 
used as a versatile material base for advanced nanoscale photonics devices.

S25 595

4d Itinerant Ferromagnetism in p-doped MoS2 Monolayers

Nirmal Ganguli1,2, Paul J. Kelly1

1) Faculty of Science and Technology and MESA+ Institute for Nanotechnology, University of 
Twente, P.O. Box 217, 7500 AE Enschede, The Netherlands 

2) Present address: Max Planck Institute for Solid State Research, Heisenbergstraße 1, 70569 
Stuttgart, Germany 

Recently monolayers of semiconducting transition metal dichalcogenides MX2 (M = Mo, W; 
X = S, Se, Te) with a direct band gap have attracted much attention owing to their potential 
application in electronic and opto-electronic devices. Theoretical analysis of the electronic 
structure of these materials reveals that the M-d and X-p states interact to form the 
fundamental band gap leaving a single fully occupied narrow M-d band forming the top of the 
valence band, in the hybridization gap. We use density functional theory to explore how the 
distinctive electronic structure of these materials can be exploited to make them ferromagnetic 
by introducing holes into this narrow M-d band. The holes introduced by non-magnetic V 
(Nb) dopant ions polarize (almost) completely. We calculate the separation dependence of 
the effective ferromagnetic exchange interaction between pairs of these moments in dilute 
Mo1-xVxS2 and Mo1-xNbxS2 alloys and combine these with Monte Carlo calculations to estimate 
the ordering temperatures as a function of x. For x ~ 9%, Curie temperatures as high as 150 
K for Nb and in excess of 200 K for V doping are predicted. Mo1-xNbxS2 would be a new 
addition to a small number of 4-d transition metal ferromagnets.

http://arxiv.org/abs/1504.06333
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S25 596

Dirac cones, topological edge states, and nontrivial flat bands  
in 2D honeycomb superlattices of chalcogenide nanostructures

* Efterpi Kalesaki1, Wouter Beugeling2, Christophe Delerue3, Yann-Michel Niquet4, 
Daniel Vanmaekelbergh5, Guy Allan3, Cristiane Morais Smith6

1) Physics and Materials Science Research Unit, University of Luxembourg, Luxembourg, 
Luxembourg 

2) Max-Planck-Institut für Physik komplexer Systeme, Dresden, Germany 
3) IEMN-Department ISEN, UMR CNRS 8520, Lille, France 
4) Université Grenoble Alpes, INAC-SP2M, L_Sim, Grenoble, France and CEA, INAC-SP2M, L_

Sim, Grenoble, France 
5) Debye Institute for Nanomaterials Science, Utrecht University, Utrecht, The Netherlands 
6) Institute for Theoretical Physics, Center for Extreme Matter and Emergent Phenomena, Utrecht 

University, Utrecht, The Netherlands 

Motivated by recent developments in the field of colloidal chemistry [1,2], we performed 
atomistic tight-binding calculations of the electronic structure of honeycomb superlattices 
comprising CdSe [3, 4] and HgTe [5] nanostructures.

The conduction band of CdSe superlattices [3] exhibits Dirac cones at two distinct 
energies and nontrivial flat bands. The lowest Dirac conduction band is equivalent to the π 
bands of graphene but with renormalized couplings. The energetically higher lying bands 
have no counterpart in graphene. They combine a Dirac cone and flat bands because of 
their p-orbital character.

In the case of HgTe superlattices [5], the combined effect of honeycomb geometry and 
strong spin-orbit coupling results in large topological gaps and a flattened band detached 
from the others. Due to this flat band and the sizable Coulomb interaction, HgTe superlattices 
emerge as a promising platform for the observation of topological phases.

[1] W. H. Evers et al., Nano Lett. 13, 2317 (2013)
[2] M. P. Boneschanscher et al., Science 344, 1377-1380 (2014)
[3] E. Kalesaki et al., Phys. Rev. X 4, 011010 (2014)
[4] C. Delerue, Phys. Chem. Chem. Phys. 16, 25734 (2014)
[5] W. Beugeling et al, Nat. Comm. 6, 6316 (2015)

S25 597

Electronic structure and optical properties  
of reduced graphene oxide

* Nourdine Zibouche1, Feliciano Giustino1

1) University of Oxford 

The successful isolation of a single layer graphene[1] has opened many new possibilities for 
next generation of electronic and optoelectronic devices. However pristine graphene is a 
zero band gap material, which is not ideal for applications in field-effect devices. There have 
been many attempts to induce a band gap in graphene. One of the effective strategies is by 
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using chemical modifications that involve the absorption of functional groups[2,3]. For 
example, the oxidation of graphene using epoxy and hydroxyl groups has been reported by 
several experimental and theoretical studies, which have demonstrated that oxidized 
graphene exhibits a sizeable band gap[2,3]. However, the nature and magnitude of the band 
gap depends sensitively on the oxidation level and the arrangement of the functional groups. 
In this work we explore, by means of density functional theory, the energetics, electronic 
structure, and optical properties of different compositions and combinations of epoxy and 
hydroxyl groups on a single sheet of graphene.
[1] K. S. Novoselov et al.; Science 2004, 306, 666-669.
[2] Jia-An Yan et al.; Phys. Rev. Lett. 103, 086802.
[3] K.Y. Lian et al.; J. Phys. Chem. C, 2013, 117 (12), pp 6049–6054.

S25 598

First-principles calculation of the band alignment between 
CuGaS2:Cr intermediate band materials and other 
semiconductors

* Pablo Palacios1,2, J. E. Castellanos Águila1,3, J. Arriaga3, José C. Conesa4,  
Perla Wahnón1

1) Inst. de Energía Solar, ETSI Telecomunicación, Univ. Politécnica de Madrid, Madrid, Spain 
2) Dpt. Física Aplicada, ETSI Aeronáutica y del Espacio, Univ. Politécnica de Madrid, Madrid, Spain 
3) Inst. de Física, Benemérita Universidad Autónoma de Puebla, Puebla, México 
4) Inst. de Catálisis y Petroleoquímica, CSIC, Madrid, Spain 

I-III-VI2 chalcopyrites attract much attention due to their structural, electrical and optical 
properties, allowing applications in nonlinear optical devices, sensors and solar cells. 
CuGaS2 chalcopyrite is a promising material to build more efficient and less costly solar cells 
through metal substitution in some of their Ga atoms, as this can generate a narrow isolated 
intermediate band facilitating two-photon processes. An accurate study of the interfaces 
between two semiconductor materials, where one is of intermediate band type, would allow 
a better understanding of how this kind of solar cell works. We obtain here with DFT band 
alignments at heterojunctions between CuGaS2 (with or without intermediate band-forming 
Cr) and CuAlSe2, CdS, ZnSe and ZnS, including a hybrid functional with the fraction of 
Hartree-Fock mixing modified to reproduce the experimental band-gaps. The electronic 
structure of the intermediate band formation for CuGaS2:Cr system was also studied using 
accurate scGW method. Structures were theoretically optimized, first for the isolated 
compounds and then for periodic slab model of the interfaces between the contacting 
materials, taking into account also the effects of the interfacial strain. This allows assessing 
which semiconductors serve best as hole and electron transport contacts.



Ψk-2015

 Abstracts of  Poster Session 2 •  Tuesday, September 8,  2015 743

S25 599

Phosphorene Spintronics

* Rohit Babar1, Mukul Kabir1

1) Department of Physics, Indian Institute of Science Education and Research, Pune 411008, India 

Compared to graphene, single layer black phosphorus known as phosphorene has large 
intrinsic band gap, and thus is an attractive candidate for spintronic applications. However, 
inducing magnetism in such material without localized d and f electrons is non-trivial, and 
could only be achieved via defects, adatoms or placing it on a suitable substrate. Here we 
couple intrinsic point defects (mono- and di-vacancy) with 3d transition metals to induce 
magnetism in phosphorene, where the defect site act as anchoring site, and restricts 
uncontrolled diffusion of transition metals. We use density functional theory to systematically 
investigate the electronic structure and magnetism with increasing the number of d electrons 
along the 3d series. 

S25 600

2D ice structures and phase transitions

* Ji Chen1,2, Georg Schusteritsch3, Chris Pickard3,4, Christoph Salzmann5,  
Angelos Michaelides1,2,5

1) Thomas Young Centre, University College London 
2) London Centre for Nanotechnology 
3) Department of Physics and Astronomy, University College London 
4) London Institute for Mathematical Sciences 
5) Department of Chemistry, University College London 

2D ice in nanoconfinement brings new insights on the nature of ice [1,2]. Here we report a 
DFT study aimed at understanding the structures and phase transitions for nanoconfined 2D 
ice with respect to pressure. We observe a phase transition from an hexagonal to a square 
structure at less than 1 GPa and at yet higher pressure a transition to a second square 
phase. The second square phase exhibits an interesting basketweave-like pattern of strongly 
bent hydrogen bonds which is different from any known ice polymorph. Beyond the monolayer 
ice phases, we also find a new double layer square structure with interlayer hydrogen bonds. 
Both the monolayer and double layer square ice structures agree with recent experimental 
observations in graphene nanocapillaries [1]. Moreover our results show the potential for 
direct observation of collective quantum dynamics of protons in these square ice phases, 
similar to what happens within adsorbed ice on NaCl thin films [3-5].
[1] Algara-Siller et al. Nature 519, 443 (2015)
[2] Corsetti et al. arXiv:1502.03750
[3] Guo et al. Nat. Mater. 13, 184 (2014)
[4] Chen et al. Nat. Communs. 5, 4056 (2014)
[5] Meng et al. Nat. Phys. 11, 235 (2015)
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S25 601

Nonconventional screening of the Coulomb interaction  
in low-dimensional semiconductors and insulators

* Ersoy Sasioglu1, Christoph Friedrich1, Stefan Blügel1

1) Peter Grünberg Institut and Institute for Advanced Simulation, Forschungszentrum Jülich and 
JARA, 52425 Jülich, Germany 

Screening effects play a fundamental role in determining the exciton binding energy, electron 
dynamics, and the effective electron-electron interaction in low-dimensional semiconductors 
and insulators. Experimental observation of the large exciton binding energies and nonhydrogenic 
Rydberg series in low-dimensional semiconductors indicate an unusual non-local screening of 
the Coulomb interaction. By means of first-principles calculations in conjunction with the 
random-phase approximation within the FLAPW method we study the screening of the Coulomb 
interaction in low-dimensional semiconductors and insulators. We show that the screening in 
these systems deviates substantially from the bulk behavior, i.e., the screened interaction W 
can not be expressed by a simple static dielectric constant. We find a nonconventional screening 
in low-dimensions, i.e. three regions can be identified: i) at short distances the W is screened, 
(ii) at large distances the W is unscreened, and (iii) at intermediate distances the screened 
interaction deviates from the usual 1/r dependence and anti-screening can occur. This 
nonconventional screening explains the deviations from the usual hydrogenic Rydberg series 
of energy levels of the excitonic states in one- and two-dimensional semiconductors and opens 
up possibilities for fundamental studies of correlation effects in low-dimensional materials.

S25 602

Exciton and plasmon properties of 2D materials

* Pier Luigi Cudazzo1,2

1) LSI CNRS Ecole Polytechnique 
2) European Theoretical Spectroscopy Facility (ETSF) 

The investigation of neutral excitations (excitons and plasmons) is one of the most powerful 
ways to understand and control the properties of materials. In particular, the study of their 
dispersion as a function of momentum transfer determines the way they propagate inside 
the crystal and transport their excitation energy, which is of crucial relevance for all 
applications involving light harvesting and plasmonics.

Using state-of-the-art Green\’s function many body approach we present a first-principle 
study of the neutral excitations in two dimensional (2D) materials. In particular we have 
investigated the exciton dispersion in graphane and hBN [1] and the plasmon dispersion in 
metallic transition metal dichalcogenides [2].On the basis of our results, we provide a general 
picture of the role played by the confinement of the electronic charge in setting the exciton 
binding energy [3,4] and of the mechanisms governing the dispersion of neutral excitation in 
2D systems [1,2].
[1] Pierluigi Cudazzo et. al. (in preparation)
[2] Pierluigi Cudazzo et. al. NJP 15 125005 (2013)
[3] Pierluigi Cudazzo et. al. Phys. Rev. Letter 104 226804 (2010)
[4] Pierluigi Cudazzo et. al. Phys Rev. B 84, 085406 (2011)
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S25 603

Edge Magnetism Instability in Functionalized  
zig-zag Graphene Nanoribbons

* Daniele Passerone1, Prashant Shinde1, Leopold Talirz1, Oliver Gröning1,  
Carlo A. Pignedoli1

1) Empa, Swiss Federal Laboratories for Materials Science and Technology, 8600 Dübendorf, 
Switzerland 

Zigzag graphene nanoribbons (zGNR) are potentially important for applications in spintronics, 
since they present spin polarized edge states. These states are predicted to couple 
antiferromagnetically across the ribbon. Chemical edge functionalization can represent a 
tool to control their absolute magnetization.

Using spin-polarized DFT, we investigate the electronic properties of a phenyl functionalized 
6-zGNR, experimentally available through bottom-up synthesis on Au(111) from tailored 
molecular precursors.

In the gas phase, the proposed functionalization preserves the electronic properties of 
the pristine ribbon, with a reduction of the band gap, which makes the edge magnetism 
unstable to environmental influences. This instability is evident when modeling the Au(111) 
adsorbed ribbon using two different van der Waals parametrizations (screened PBE-D and 
PBE-D3): a slight difference in the adsorption geometry (average approach to the surface by 
0.2 Angstrom) more than halves the edge magnetization.

Model Hubbard tight binding calculations show that the typical value used for the effective 
U in similar systems is close to a critical value U* below which two edge bands exchange, 
and magnetization is suppressed. The role of the substrate in screening the effective 
Coulomb repulsion at the edge is discussed, together with the comparison with available 
experimental spectroscopy data.

S25 604

Computational 2D Materials Database:  
Electronic Structure of 2D Materials Using DFT and GW

* Filip Anselm Rasmussen1, Kristian S. Thygesen1

1) Department of Physics and Center for Nanostructured Graphene, Technical University of Denmark 

We present a comprehensive first-principles study of the electronic structure of a range of 
2D materials including basically all transition metal dichalcogenides and oxides. The 
quasiparticle (QP) band structures with spin-orbit coupling are calculated in the G0W0 
approximation and comparison is made with different density functional theory (DFT) 
descriptions. Pitfalls related to the convergence of GW calculations for 2D materials are 
discussed together with the solutions used to avoid these. The monolayer band edge 
positions relative to vacuum are used to estimate the band alignment at various heterostructure 
interfaces. The sensitivity of the band structures to the in-plane lattice constant is analysed 
and rationalized in terms of the electronic structure. Finally, the q-dependent dielectric 
functions and effective electron/hole masses are obtained from the QP band structure and 
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used as input to a 2D hydrogenic model to estimate exciton binding energies. We also 
present an online database from where the computed data can be freely obtained.

S25 605

Investigation of TMDCs/functionalized Graphene Interfaces  
for High-Performance Electronics

* Tiziana Musso1, Priyank Kumar2, Jeffrey Grossman2, Adam Foster1

1) Aalto University, Department of Applied Physics, Espoo, Finland 
2) Massachusetts Institute of Technology, Department of Materials Science and Engineering, 

Cambridge, MA, USA 

Recently, transition metal dichalcogenides (TMDCs) have become a particular promising 
class of two-dimensional materials for field-effect transistors. TMDCs are structurally stable, 
have sizable band gaps and reasonable mobility values [1]. 

In order to develop logic circuits based on TMDCs, it is necessary to fabricate both n- and 
p-type field effect transistors (FETs). While monolayer n-FETs have been widely reported, 
fabrication of p-FETs has been challenging [2], due to the relative difficulty in designing 
MoS2/metal contacts with low p-type Schottky barrier heights. In this work we investigate the 
role of different functionalized graphene systems as hole injection layers in modifying the 
work function of MoS2 and other TMDCs. In particular, we compare the band offsets and 
investigate the charge transfer mechanisms of MoS2 in contact with fluorographene [3] and 
graphene oxide [4].

In the end we identify the best combination of functionalized-graphene/TMDC to get 
efficient devices for high-performance electronics.
[1] R. Fivaz et al, Phys. Rev., 163, 743–755 (1967). 
[2] S. Chuang et al, Nano Lett., 14, 1337–1342 (2014). 
[3] S. Han et al, Chem. Mater., 22, 2142–2154 (2010). 
[4] T. Musso et al, ACS Nano, 8, 11432–11439 (2014).
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S25 606

Effects of the layer stacking on electronic, phononic band 
structures and electron-phonon interactions in MoS2

* Jaehong Park1,2, Cheol Seong Hwang2, Jung-Hae Choi1

1) Electronic Materials Research Center, Korea Institute of Science and Technology, Seoul 130-
791, Korea 

2) Department of Materials Science and Engineering, Seoul National University, Seoul 151-744, Korea 

Molybdenum disulfide (MoS2) is one of the promising channel materials for the next 
generation switching devices due to low dimensional structure and the low power and high 
frequency operation [1][2]. This layer-structured material shows the polytypism depending 
on the stacking sequence (semiconducting 2H and 3R) of monolayer MoS2 or local point 
symmetry around a Mo atom (metallic 1T). Recently, it was revealed that the number of 
layers and the sequence of stacking have striking effects on the electronic properties, such 
as indirect-direct band gap transition[3] and valley polarization[5], indicating strong structure-
property coupling. In this study, we investigate the detailed atomic and electronic structures 
of MoS2 polytypes by using density functional theory calculations. The effect of stacking 
sequences (2Hc, 2Ha, 3R) and the number of layers on the structural stability and perturbation 
of electronic structure in terms of conduction valley in brillouin zone will be investigated. 
Finally, we discuss on the electron-phonon interaction as a function of the layer stacking and 
consequent effect on the intrinsic electronic mobility.
[1] Nano Lett. 14, 5905 (2014)
[2] Nat. mater. 12, 815 (2013)
[3] Phys. Rev. Lett. 105, 136805 (2010)
[4] Nat. nanotech. 9, 611 (2014)

S25 607

Ab-initio investigation of the dielectric function  
of graphene-boron nitride heterostructures

* Morten Gjerding1, Kristian Thygesen1

1) Technical University of Denmark, Department of Physics

Hyperbolic metamaterials are artificially structured materials with unique optical properties. 
Their artificial structure leads to a highly anisotropic dielectric tensor which can be used to 
describe their optical properties. Originally, an effective medium theory (EMT) of the dielectric 
function was used to account for the optical response of the materials. The validity of this 
approach have since been investigated using various classical and semi-classical models. 
In this work we have investigated the approach using ab-initio calculations.

More specifically we use density functional theory to investigate the validity of the effective 
medium theory for the dielectric function of graphene-hexagonal boron nitride heterostructures 
using density functional theory. In general we find that the dielectric function is well-described 
with EMT for heterostructures in which each component consist of more than 5 layers. For 
less than 5 layers the in-plane dielectric function remain well-described by EMT even in the 
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single layer limit. The out-of-plane dielectric function shows significant discrepancies with 
the prediction of EMT which we argue can be attributed to the hybridization of adjacent 
graphene sheets in the heterostructure.

S25 608

Controlling phosphorene properties by doping:  
a first principles study

* Oleksandr Malyi1, Vadym Kulish2, Clas Persson3

1) Centre for Materials Science and Nanotechnology, University of Oslo, P.O. Box 1048 Blindern, 
NO-0316 Oslo, Norway 

2) Singapore University of Technology and Design, 8 Somapah Road, Singapore 487372, 
Singapore 

3) Department of Physics, University of Oslo, P.O. Box 1048 Blindern, NO-0316 Oslo, Norway 

Single-layer phosphorus (“phosphorene”) is a new material in the family of 2D nanostructures, 
which can be received by mechanical exfoliation of the black phosphorus. Very recently, 
phosphorene with a thickness of only a few nanometers has been produced by several 
groups worldwide.[1] In contrast to zero band gap graphene, phosphorene has the band gap 
of about 1.5 eV and is highly reactive. In this work, using the combination of both traditional 
density functional theory (e.g. generalized gradient approximation calculations) as well as 
more accurate hybrid functional calculations, we perform a fundamental study of phosphorene 
properties and predict how they can be controlled by doping.[2] We show that similar to other 
semiconductors, point defects, both intrinsic and impurities, often determine electronic and 
magnetic properties of phosphorene.

This work was in part financially supported from the Research Council of Norway (project: 
221469). We acknowledge access to HPC resources at USIT through NOTUR.
[1] H. Liu, A. T. Neal, Z. Zhu, Z. Luo, X. Xu, D. Tománek and P. D. Ye, ACS Nano, 2014, 8, 4033-4041.
[2] V. V. Kulish, O. I. Malyi, C. Persson and P. Wu, Phys. Chem. Chem. Phys., 2015, 17, 992-1000.
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S25 609

Tug-of-War between Corrugation and Binding Energy:  
Revealing the Formation of Multiple Moiré Patterns  
on a Strongly Interacting Graphene-Metal System

* Carlos Romero-Muñiz1, Ana Martín-Recio2, Antonio J. Martínez-Galera3, José María 
Gómez-Rodríguez2, Pablo Pou1, Rubén Pérez1

1) Dpto. Física Teórica de la Materia Condensada, Universidad Autónoma de Madrid, E-28049, 
Madrid, Spain 

2) 1Dpto. Física de la Materia Condensada, Universidad Autónoma de Madrid, E-28049, Madrid, Spain 
3) PhysikalischesInstitut, Universität zu Köln, Zülpicher Str. 77, Köln, Germany 

The formation of multi-domain epitaxial graphene on Rh(111) under ultra-high vacuum 
conditions (UHV) has been characterized with scanning tunneling microscopy (STM) 
measurements and density functional theory (DFT) calculations. Unexpectedly, we prove 
the formation of different rotational domains leading to multiple moiré structures with a wide 
distribution of surface periodicities. Experiments reveal a correlation between the STM 
apparent corrugation and the size of the moiré unit cell, however, the DFT+D2 simulations 
show much larger height differences and a non-monotonic behavior with the moiré size. 
Standard Tersoff-Hafmann STM simulations do not reproduce the experiments, but STM 
images calculated with non-equilibrium Green\’s function methods do it quantitatively and 
provide a detailed understanding of the interplay between electronic and geometric 
contributions. Furthermore, our study sheds light on the subtle energy balance among strain, 
corrugation and binding that drives the formation of the moiré patterns in all graphene/metal 
systems and suggests an explanation for the success of an effective model only based on 
the lattice mismatch. Although low values of the strain energy are a necessary condition, it 
is the ability of graphene to corrugate in order to maximize the areas of favorable graphene-
metal interaction that finally selects the stable configurations.
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S25 610

Band-structure effects in vertical layered-material 
heterostructures

* Gabriel Constantinescu1, Nicholas Hine1

1) University of Cambridge, Cavendish Laboratory 

While monolayer forms of 2D materials are very well-characterised both experimentally and 
theoretically, properties of vertical heterostructures are not nearly so well-known. In this 
context, we employ high-accuracy linear-scaling DFT [1] calculations utilising non-local van-
der-Waals functionals to explore large-scale models of MoS2/MoSe2 [2] and hBN/
Phosphorene heterostructures. Of particular experimental importance are the band-structure 
alignments and modifications upon the stacking and rotation of different monolayers. We 
obtain access to such information by unfolding the supercell spectral function into the 
primitive cells. By noting the changes in spectral weight and band-structure between the 
independent monolayers and the heterostructured interfaces, we observe how the presence 
of lattice mismatch (in MoS2/MoSe2) or hBN spacers (in Phosphorene/hBN/Phosphorene) 
allows the component monolayers to retain more independence in heterostructures than in 
homo-stacks.
[1] C.-K. Skylaris, P. D. Haynes, A. A. Mostofi, and M. C. Payne, J. Chem. Phys. 122, 084119 (2005).
[2] G. C. Constantinescu, and N. D. M. Hine, Phys. Rev. B in press (2015)
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S25 611

First principles studies on adsorption of magnetic adatoms  
on 2D heterostructures of graphene and h-BN

* Soumyajyoti Haldar1, Pooja Srivastava2, Olle Eriksson1, Prasenjit Sen2,  
Biplab Sanyal1

1) Department of Physics and Astronomy, Box-516, 75120 Uppsala, Uppsala University, Sweden 
2) Harish-Chandra Research Institute, Chhatnag Road, Jhunsi, Allahabad 211019, India 

Tailor-made magnetic nanostructures offer a variety of functionalities useful for technological 
applications. In this work, we explore the possibilities of realizing Fe nanostructures at the 
interfaces of 2D graphene and h-BN by ab initio density functional calculations. With the aid 
of ab initio Born-Oppenheimer molecular dynamics simulations and diffusion barriers 
calculated by nudged elastic band method, we find that (i) diffusion barriers of Fe on BN are 
much smaller than those on graphene, (ii) the Fe adatoms form clusters within a short time 
interval (~2.1 ps) and (iii) Fe clusters diffuse easily across the C-N interface but become 
immobile at the C-B interface. The calculated magnetic exchange coupling between Fe 
clusters at C-B interfaces varies non-monotonically as a function of the width of BN separating 
the graphene parts. One may envisage design of magnetic nanostructures at the C-B 
interface of 2D graphene/h-BN hybrids to realize interesting applications related to spintronics.

S25 612

Density Functional Theory study of the mechanism  
of metal crystal growth

* Gangotri Dey1, Hannes Jónsson1

1) Science Institute of the University of Iceland, 107 Reykjavik, Iceland 

The growth of thin metallic films on solids is of great importance for the semiconductor 
industry where techniques such as chemical vapour deposition and atomic layer deposition 
are being used. An understanding of the atomic scale processes determining the morphology 
of the growing surface can help optimize system design and operating conditions. For 
example, the counterintuitve re-entrant layer-by-layer growth of Pt(111) surface can be 
explained by holes in the energy barrier for the descent of adatoms from atop islands, the 
Ehrlich-Schwoebel barrier, near (but not at) kink sites. We present results of DFT calculations 
of this and various other critical atomic scale processes that can affect the growth mode and 
surface morphology in kinetically controlled growth of metals. The transition mechanism and 
activation energy is determined using the nudged elastic band method. The results are used 
to predict the shape of islands formed during the growth and the extent of layer completion 
for a range of metals to establish trends over the periodic table.
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S25 613

Work-function modification of edge-functionalized graphene

* George Volonakis1, Feliciano Giustino1

1) Department of Materials, University of Oxford, Parks Road OX1 3PH, Oxford, UK 

Graphene is a potential replacement for many key materials in electronics, photonics, 
photovoltaics, solid-state lighting, batteries and supercapacitors. The work function, that is 
the energy required for extracting electrons from graphene, is a key parameter that needs to 
be finely tuned in order to achieve high-performing graphene-based applications. Among 
several possible work function modification strategies, graphene edge-functionalization is 
particularly promising since the structural modifications are confined at the edges, hence 
preserving the exceptional electronic properties of pristine graphene. In this work we employ 
first-principles calculations to explore the work-function modification induced on graphene 
flakes and nanoribbons by alkali metal and halogen atoms adsorbed at the edges. Our 
calculations indicate that alkali metals tend to reduce the work function, while halogens exhibit 
the opposite trend. We further develop a simple electrostatic model of the work function 
modification, and we validate this model against the detailed first-principles calculations. This 
electrostatic model allows us to investigate realistic structures, such as large graphene flakes, 
which are beyond the scope of ab-initio calculations. Using this multi-scale approach we 
study the effects of shape and concentration on the work function, and we provide guidelines 
for targeted work-function control via edge-functionalization in realistic structures.

S25 614

Modelling Excitons in Atomically Thin Semiconductors

* Simone Latini1, Thomas Olsen1, Kristian S. Thygesen1

1) Technical University of Danmark (DTU) 

The Mott-Wannier model with a linear approximation for the the dielectric function has been 
recently widely used in calculating the exciton binding energies for 2D materials. We relax step 
by step the assumptions behind such a model, approaching to a much more accurate method. 
It turns out that taking into account the finite thickness of the material as well as including the 
full wave vector dependence of the dielectric function is crucial for describing exciton energies. 
This naturally translates to a quasi-2D Mott-Wannier model. The validity of the method is 
investigated thoroughly, benchmarking the exciton binding energies for MoS2 and hBN against 
the values obtained from the solution of the Bethe-Salpeter Equation (BSE).

The method can be further extended to the calculation of exciton binding energies in van 
der Waals heterostructures (vdWHs). In particular, exploiting the atomic-scale lego layer by 
layer construction of a vdWH, we recently developed a quantum electrostatic heterostructure 
model aimed at calculating vdWHs dielectric properties. This allows us to obtain an effective 
dielectric function, which can be use in the quasi-2D Mott-Wannier model. Following this 
approach we are able to successfully describe, for example, the peculiar non-Rydberg 
exciton series observed in supported WS2.

Our approach has the advantage of both keeping the computational cost low and providing 
a straightforward physical intuition on excitonic effects.
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S25 615

Structure and thermodynamic stability of graphene oxide

* Sebastian Gsänger1, Bernd Meyer1

1) Interdisciplinary Center for Molecular Materials and Computer-Chemistry-Center,  
Friedrich- Alexander-University Erlangen-Nürnberg 

A large set of possible atomic configurations of graphene oxide with different composition 
and coverage were investigated by density functional theory. The adsorption of hydroxyl 
groups and the formation of epoxides and endoperoxides was systematically evaluated. In 
a first series of calculations the mutual interaction and the preferred relative position of pairs 
of adsorbates was determined. Based on these results, promising low-energy adsorption 
pattern at high coverage were derived and their thermodynamic stability was analyzed in 
terms of a surface phase diagram. Finally, the possibility for formation of 1,4-endoperoxides 
on graphene oxide was investigated in detail.

S25 616

Band Gap opening in BN-doped monolayer graphene

* Chih-Piao Chuu1, Kuan-Hung Liu1, Ching-Ming Wei1, Mei-Yin Chou1,2,3

1) Institute of Atomic and Molecular Sciences, Academia Sinica, Taipei, TAIWAN 
2) Department of Physics, National Taiwan University, Taipei, TAIWAN 
3) School of Physics, Georgia Inst. of Technology, Atlanta, Georgia, USA 

The synthesis of a hybrid atomic monolayer consisting of patches of h-BN within graphene 
(h-BNC) has been successfully fabricated by a few experimental groups. Graphene and 
h-BN have similar structures, but with very different electronic properties, as the former is 
gapless and the latter is a wide-gap insulator. It is expected that this new form of hybrid 
h-BNC exhibits properties that are distinct from those of graphene and h-BN, enabling the 
development of bandgap-engineered applications in electronics and optics. We have 
performed first-principles calculations on the atomically thin film of h-BNC in order to 
understand the physical mechanism of phase stability, formation energy, band gap opening, 
as well as the modification in the electronic structure. The pattern of B-N domains in the 
dilute limit is studied in detail based on geometric and symmetry considerations, the co-
doping concentration, and the hetero-interface of B-N doped domains. In addition to 
calculations using density functional theory (DFT), the many-body perturbation theory with 
the GW approximation is also used to provide an accurate description of the quasiparticle 
band gaps. The band gap opening is explained by the average on-site energy difference 
between two sublattices as a consequence of the sublattice symmetry breaking in the 
presence of BN-domains in graphene. 
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S25 617

Manipulating the electronic properties of epitaxial graphene  
on 6H-SiC(0001) via nitrogen intercalation

* Nuala Mai Caffrey1, Rickard Armiento1, Rositsa Yakimova1, Igor A. Abrikosov1

1) Department of Physics, Chemistry and Biology (IFM), Linköping University, SE-581 83, 
Linköping, Sweden 

The electronic properties of epitaxial graphene grown on SiC(0001) are known to be impaired 
relative to those of free-standing graphene. This is due to the formation of a carbon buffer 
layer between the graphene layers and the substrate, which causes the graphene layers to 
become strongly n-doped. Charge neutrality can be achieved by completely passivating the 
dangling bonds of the clean SiC surface using atomic intercalation. So far, only one element, 
hydrogen, has been identified as a promising candidate. We show, using first principles 
density functional calculations, how it can also be accomplished via the growth of a thin layer 
of silicon nitride (Si2N3) on the SiC surface. The subsequently grown graphene layers display 
the electronic properties associated with charge neutral graphene. We show that the surface 
energy of this structure is considerably lower than that of others with intercalated atomic 
nitrogen and determine how its stability depends on the N2 chemical potential.
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S25 618

Dirac points with giant spin-orbit splitting in the electronic 
structure of two-dimensional transition-metal carbides 

* Hossein Fashandi1, Viktor Ivády1,2, Per Eklund1, Anita Lloyd Spetz1,  
Mikhail I. Katsnelson3,4, Igor A. Abrikosov1,5 
1) Department of Physics, Chemistry and Biology, Linköping University, SE-581 83 Linköping, 

Sweden 
2) Wigner Research Centre for Physics, Hungarian Academy of Sciences, PO Box 49, H-1525, 

Budapest, Hungary 
3) Radboud University, Institute for Molecules and Materials, Heyendaalseweg 135, 6525AJ 

Nijmegen, The Netherlands 
4) Dept. of Theoretical Physics and Applied Mathematics, Ural Federal University, Mira str. 19, 

Ekaterinburg, 620002, Russia 
5) Materials Modeling and Development Laboratory, National University of Science and Technology 

‘MISIS’, 119049 Moscow, Russia 

Two-dimensional (2D) materials, especially their most prominent member, graphene, have 
greatly influenced many scientific areas. Moreover, they have become a base for investigating 
the relativistic properties of condensed matter within the emerging field of “Dirac physics”. 
This has ignited an intense search for new materials where charge carriers behave as 
massless or massive Dirac fermions. Here, we theoretically show the existence of Dirac 
electrons in a series of two-dimensional transition-metal carbides, known as MXenes. We 
examine the observed conical features of the scalar-relativistic band structure and study the 
effects of spin-orbit coupling and inter-laminar interactions on the Dirac points. The reported 
Dirac MXenes possess twelve conical crossings in the 1st Brillouin zone with giant spin-orbit 
splitting. Our findings indicate that the 2D band structure of MXenes is protected against 
external perturbations and preserved even in multilayer phases. These results, together with 
the broad possibilities to engineer the properties of these materials phases, make Dirac 
MXenes a potential candidate for studying and developing novel Dirac-physics-based 
technologies.

Figure 1. (a) Band structure of a Dirac MXene. (b) 3D plot of the cone forming bands at 
the Fermi level. 
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S25 619

ab initio analysis of pressure effects on the 2DEG in LAO/STO

* Vladislav Borisov1, Natalia Pavlenko2, Harald O. Jeschke1, Thilo Kopp2,  
Roser Valentí1

1) Institute of Theoretical Physics, Goethe University Frankfurt am Main, 60438 Frankfurt am Main, 
Germany 

2) Center for Electronic Correlations and Magnetism, Experimental Physics VI, Institute of Physics, 
University of Augsburg, 86135 Augsburg, Germany 

The discovery of a two-dimensional electron gas (2DEG) at the interface between two bulk 
insulators LAO and STO inspired research of oxide heterostructures where novel electronic 
behaviour, not present in the bulk, can emerge. Recent transport measurements of LAO/
STO under hydrostatic pressure [1] have shown important changes on the 2DEG. In this 
work, the formation mechanism and pressure-control of the 2DEG at the LAO/STO (001) 
interface are studied using density functional theory. Supercell-in-vacuum calculations for 
different numbers of oxide layers are performed with the projector-augmented wave method 
of VASP code. Electronic correlations for the Ti d and La f states are treated using the 
GGA+U approach. We focus primarily on the effect of hydrostatic pressure on the 2DEG 
charge density and its orbital character. Our results reveal that moderate pressure below 4 
GPa is sufficient to enhance considerably the total number of carriers forming the 2DEG. In 
this presentation we shall discuss the origin of this behavior.
[1] J. Zabaleta et al. (to be published)



Ψk-2015

 Abstracts of  Poster Session 2 •  Tuesday, September 8,  2015 757

S25 620

Stable two-dimensional dumbbell stanene:  
a quantum spin Hall insulator

* Peizhe Tang1, Wendong Cao2, Wenhui Duan2, Shoucheng Zhang1, Angel Rubio3,4,5

3) Department of Physics, McCullough Building, Stanford University, Stanford, California 94305-
4045, USA 

4) State Key Laboratory of Low-Dimensional Quantum Physics, Department of Physics, Tsinghua 
University, Beijing 100084, China 

5) Max Planck Institute for the Structure and Dynamics of Matter, Luruper Chaussee 149, 22761 
Hamburg, Germany. 

6) Nano-Bio Spectroscopy Group and ETSF Universidad del País Vasco UPV/EHU, Donostia, Spain 
7) Fritz-Haber-Institut Max-Planck-Gesellschaft, Berlin, Germany 

By using the density functional theory and ab initio tight binding calculations, we predicted 
that a novel structure of stanene with dumbbell units (DB), and show that it is a two 
dimensional (2D) topological insulator with inverted band gap which can be tuned by 
compressive strain. Furthermore, we propose that the boron nitride sheet and reconstructed 
(2*2) InSb(111) surfaces are ideal substrates for the experimental realization of DB stanene, 
maintaining its non-trivial topology. Combined with standard semiconductor technologies, 
such as magnetic doping and electrical gating, the quantum anomalous Hall effect, Chern 
half metallicity and topological superconductivity can be realized in supported DB stanene. 
At the same time, if we generate the DB structure of stanene to three dimension, a new 
metastable allotropes of Sn with non-trivial topology can be achieved as a stale Dirac semi-
metal, which have a pair of gapless Dirac points on the rotation axis protected by C3V 
symmetry. These properties make the 2D and 3D allotropes of tin a good platform for the 
study of new topological quantum states of matter.
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S25 621

Theoretical investigation of two-dimensional electron  
gas formation at ferroelectric interfaces

* Pablo Aguado-Puente1, Nicholas C. Bristowe2, Binglun Yin3, Raku Shirasawa4, 
Philippe Ghosez5, Peter B. Littlewood6, Emilio Artacho1

1) CIC Nanogune, San Sebastián, Spain 
2) Imperial College London, London, UK 
3) Zhejiang University, Hangzhou, China 
4) University of Cambridge, Cambridge, UK 
5) University of Liege, Liege, Belgium 
6) Argonne National Laboratory, Argonne (IL), USA 

We have used a model based on a Landau energy expansion combined with first principles 
simulations to investigate the circumstances under which a 2-dimensional electron gas 
(2DEG) may form at ferroelectric interfaces. We find that, above a critical thickness of the 
film, monodomain ferroelectricity can indeed be stabilized by the screening provided by a 
2DEG. Unlike in the LaAlO3/SrTiO3 interface, in ferroelectrics the transition is expected to 
be discontinuous, both in the polarization and the free charge. Above the critical thickness 
the system is tristable, with two polar and metallic and one non-polar and insulating 
configurations, all accessible. The model is used to explore the complex hysteresis of the 
system under the application of an external electric field. The model also suggests that in 
some systems there might be a crossover between polydomain phases, which render 
unnecessary the formation of the 2DEG, and the monodomain configuration with the 2DEG. 
The predictions of the model are tested carrying out first principles simulations on a realistic 
PbTiO3/SrTiO3 interface. The simulations are in excellent agreement with the model and 
are used to characterize the structural and electronic properties of the system.
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Symp. 26: Modeling of Defect Levels
Organized by Chris van de Walle 

Poster Area K

S26 622

Electron trapping in nanocrystalline titanium dioxide

* Keith McKenna1, Suzanne Wallace1

1) Department of Physics, University of York, Heslington, York YO10 5DD, United Kingdom 

The trapping and mobility of electrons in nanocrystalline oxide materials underpins a diverse 
range of applications in areas such as solar energy generation, catalysis, gas sensing and 
nanoelectronics. However, directing probing the properties of electrons in such complex 
nanocrystalline systems is extremely challenging. Here, we provide insight into these 
important issues through first principles based modeling of the interaction of electrons with 
surfaces and grain boundaries in rutile TiO2. We show that different surface orientations 
exhibit markedly different electron affinities: some preferring to trap electrons with others 
repelling electrons. The equilibrium nanocrystal morphology exposes both electron trapping 
and electron repelling facets and therefore is predicted to posses highly anisotropic electron 
trapping properties [1]. Interfaces between nanoparticles (grain boundaries) are associated 
with high concentrations of strong electron trapping sites which hamper electron transport 
between grains. However, we show how this effect is partially ameliorated at high current 
densities (>0.01 mA/cm2) as a result of a highly nonlinear trap filling effect [2]. We discuss 
how with atomistic insight into the electron trapping properties of nanocrystalline materials 
one can suggest ways to improve the performance of materials for applications, for example 
by designing optimal nanocrystal morphologies.
[1] S. Wallace and K. P. McKenna, Journal of Physical Chemistry C 119, 1913 (2015)
[2] S. Wallace and K. P. McKenna, Advanced Materials Interfaces 1, 1400078 (2014)
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S26 623

The In/Cd impurities in GaN and AlN

* J. Mestnik-Filho1, H.M. Petrilli2, L.V.C. Assali2, S. Cottenier3, R. Vianden4

1) Instituto de Fisica - Universidade de Sao Paulo - Sao Paulo - SP - Brazil 
2) Instituto de Pesquisas Energeticas e Nucleares – IPEN Sao Paulo -SP- Brazil 
3) Center for Molecular Modeling, and NMR and Structural Analysis Unit - Ghent University - Gent 

- Belgium 
4) Helmholtz-Institut für Strahlen-und Kernphysik - Bonn - Germany 

Results of electric field gradients (EFG) acting on 111In/111Cd probes implanted into GaN and 
AlN crystals, measured by means of perturbed angular correlation (PAC), are compared with 
results of first-principles electronic structure calculations, performed by using the all-electron 
spin-polarized full-potential linearized augmented plane wave method, in which several 
crystallographic sites and charge states of the defects were simulated and analyzed.

In GaN, two PAC signals were detected. Comparison between these data and the 
theoretical results allow us to propose a model to ascribe both signals to substitutional In/Cd 
atom in the Ga site, but related to two different charge states. 

In AlN, the situation is more complex since three PAC signals were detected. Our 
theoretical results can be used to related two of them, with relatively small values of EFG’s, 
to substitutional In/Cd atoms in the Al site, in two distinct charge states as in the GaN case. 
The third signal however, with a large EFG, could only be ascribed to a complex pair of 
impurities where the In/Cd atom sits at an Al site with a N vacancy in a nearest-neighbor 
position. Moreover, the center presents a positively charged state.

S26 624

Calculations of defect states using variational, self-consistent 
implementation of Perdew-Zunger self-interaction correction

* Hildur Guðmundsdóttir1,2, Elvar Ö. Jónsson2, Hannes Jónsson1,3

1) Science Institude of the University of Iceland, 107 Reykjavik, Iceland 
2) COMP CoE, Applied Physics Department, Aalto University, FIN-00076 Aalto, Finland 
3) Applied Physics Department, Aalto University, FIN-00076 Aalto, Finland 

While Kohn-Sham DFT has been extremely successful and is now widely used in studies of 
molecules and condensed matter, its implementation in generalized gradient approximation 
and hybrid functionals has several shortcomings. Due to the self-interaction error (SIE) in 
these functionals, the description of localized electronic defect states in semiconductors and 
insulators can be particularly problematic.

Calculations of energetics and atomic structure of solids with defects using Perdew-Zunger 
self-interaction corrected (PZ-SIC) energy functional are presented. A special focus is on 
systems where commonly used functionals (including PBE0 and HSE) fail to produce a 
sufficiently localized state due to SIE. A variational, self-consistent implementation of PZ-
SIC with complex optimal orbitals is described, along with applications where accurate 
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results are obtained for the energy of defect states with respect to the valence and conduction 
band edges, as well as changes in atomic structure due to the defects. The examples include 
Al-atom and Li-atom substitutional defect in α-quartz and MgO, respectively, and O-atom 
vacancy in TiO2.

S26 625

A comparative density functional theory study on the  
depth-dependence of vacancy formation energy at Al surfaces

* Somil Gupta1, Marijn van Huis1, Marcel Sluiter2

1) Soft Condensed Matter, Debye Institute for Nanomaterials Science, Utrecht University, 
Princetonplein 5, 3584 CC Utrecht, The Netherlands 

2) Department of Materials Science and Engineering, Delft University of Technology, Mekelweg 2, 
2628 CD Delft, The Netherlands 

S.S. Gupta, M.A. van Huis and M.H.F. Sluiter Depth-dependence profile of the vacancy 
formation energy at Aluminum surfaces: a comparative first-principles study.

The application of density functional theory (DFT) methods to systems with rapidly varying 
electron density, such as systems containing vacancies or surfaces, is far from trivial. In this 
study, we investigate the depth-dependence of vacancy formation energy on the type of low-
index Al surfaces, viz. (100), (110), and (111). The monovacancy formation energy converges 
within 0.01 eV to a bulk-like environment beyond a maximum depth of 3-6 atomic layers, 
depending on the crystallographic orientation. We have studied these vacancy defects 
comparing exchange-correlation (xc) functionals, including the local density (LDA) and 
generalized gradient approximations (GGA-PBE), and a relatively recent functional revised 
for solids (PBEsol). Surprisingly, for all xc-functionals, many-body relaxation effects cause 
the subsurface vacancy formation energies for the (111) surface to be higher than that of 
bulk Al.
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S26 626

Linear scaling density functional theory calculations  
of group III & V doped nanowires

* Shereif Mujahed1,2, Conn O’Rourke1,2, David Bowler1,2

1) London Centre for Nanotechnology 
2) University College London 

Core-shell nanowires composed of silicon and germanium are leading structures for realising 
high mobility metal-oxide semiconductor field-effect transistor channels. Judicious dopant 
location choice, and band-offset, allows separation of the carrier transport region and the 
impurity doped region, leading to suppression of impurity scattering. Doping nanowires with 
group III & V elements, we use linear scaling (O(N)) density functional theory (DFT) to 
investigate location preference and resulting electronic structure, at physical dopant 
densities. 

S26 627

Identification of vacancy defect complexes in transparent 
semiconducting oxides: the cases of ZnO, In2O3 and SnO2

* Ilja Makkonen1, Esa Korhonen1, Vera Prozheeva1, Filip Tuomisto1 
1) Department of Applied Physics, Aalto University School of Science, Espoo, Finland 

Oxygen vacancies in oxide semiconductors have been debated widely. The properties 
attributed to them include the inherent n-type conduction, poor p-type dopability, coloration, 
deep level luminescence and non-radiative recombination.

Positron annihilation spectroscopy is sensitive to open volume defects. It provides 
information on the atomic structure, charge state and often the concentration of the vacancies 
while the Doppler broadening of the 511 keV photopeak allows the identification of atoms 
surrounding the vacancy defects. The close collaboration between experiment and theory 
has significantly advanced the capability to interpret the results of experiments [1].

We discuss our recent experimental and computational work on ZnO, SnO2 [2], and In2O3 
[3]. We show that positrons are an extremely sensitive means to probe the oxygen 
environment of open-volume defects in oxides and that O vacancies may be directly detected 
in cases where they are complexed with cation vacancies [4]. 
[1] F. Tuomisto and I. Makkonen, Rev. Mod. Phys. 85, 1583 (2013).
[2] E. Korhonen et al., Semicond. Sci. Technol., 30, 024011 (2015).
[3] E. Korhonen et al., Phys. Rev. B 90, 245307 (2014).
[4] I. Makkonen, E. Korhonen, V. Prozheeva, and F. Tuomisto, submitted to J. Phys.: Condens. Matter.
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S26 628

Combined theoretical and experimental investigation of the 
atomistic structure of ferroelastic domain walls in PbTiO3

* Anand Chandrasekaran1, Dragan Damjanovic2, Nava Setter2, Nicola Marzari1

1) Theory and Simulation of Materials, École Polytechnique Fédérale de Lausanne, 1015 
Lausanne, Switzerland 

2) Ceramics Laboratory, École Polytechnique Fédérale de Lausanne, 1015 Lausanne, Switzerland 

We investigate the atomistic structure of ferroelastic 90o domain walls in PbTiO3 with a 
combination of first-principles calculation and experimental STEM analysis. We find that 
there is a sharp discontinuity in the variation of the lattice parameter across the domain 
walls. Unexpectedly, the two domains become no longer symmetric across the boundary, 
giving rise to primitive cells there with large tetragonality ratios c/a of the order of 1.11 close 
to the boundary. We also perform further calculations to study the interaction of such domain 
walls with defects, such as oxygen vacancies, acceptor dopants, donor dopants and the 
corresponding defect associates. We observe that ferroelastic domain walls are particularly 
prone to pinning due to the presence of oxygen vacancies and acceptor dopants. These 
findings help explaining the phenomenon of “hardening” in acceptor-doped PbTiO3 and PZT.

S26 629

Defect Levels Associated With Dislocations  
in Semiconductor Alloys

* Matthew Horton1, Sneha Rhode1, Michelle Moram1

1) Department of Materials, Imperial College London 

Dislocations, an extended one-dimensional defect, present a particularly difficult system to 
study theoretically. Many of the state-of-the-art electronic structure methods are not suitable 
for such large system sizes. However, device properties, efficiencies and lifetimes are strongly 
dependent on the behaviour of dislocations, and this is particularly true in the InxGa1-xN alloy 
system. Additionally, experimental methods often produce ambiguous and/or conflicting 
results, which suggests that a theoretical insight would be beneficial.

Here, we present a multi-scale approach to studying dislocations in semiconductor alloys. 
Alloy systems present an additional obstacle in that it is unlikely that alloying additions are 
distributed randomly around the core or that they match the bulk composition. Therefore, we 
use Monte Carlo methods with classical potentials to attempt to predict a plausible equilibrium 
distribution of In atoms around a dislocation core in low In-content InGaN. With these 
equilibrium core structures, we adopt the methodology of Belabbas et al. [1] to obtain 
densities of states of the dislocation core, which can then be compared to those predicted 
for pure GaN and an equivalent InGaN core with randomly distributed In atoms. Generalising 
this method to other semiconductor systems will also be discussed.
[1] I. Belabbas, J. Chen, and G. Nouet, Computational Materials Science 90, 71 (2014).
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S26 630

Comparative study of the formation energies of Sb,  
Cu dopants in sodium cobaltate, sensitivity to the treatment  
of electronic correlation

* M. H. N. Assadi1, H. Katayama-Yoshida1

1) Department of Materials physics, Graduate School of Engineering Science, Osaka University, 
Osaka 560-8531, Japan 

Doped NaxCoO2 is suitable for highly efficient thermoelectric conversion at ~1000 K. 
However, due to complex lattice structure and strong correlation effects, atomistic influence 
of the dopants on the interdependent factors affecting the thermoelectric performance is yet 
to be resolved. In this work, we examined the formation energies of Sb and Cu dopants in 
NaxCoO2 obtained by using GGA, GGA+U and Hartree-Fock hybrid functionals. We found 
that although the absolute values of the formation energies sensitively depended on the 
choice of the functional, the doping configurations with the lowest energies were consistently 
identified irrespective of the functionals. That is, the Cu dopant had the lowest formation 
energy when substituting Na while Sb dopant had the lowest formation energy when 
substituting Co in the host material’s matrix. In absence of precise experimental values to 
use as benchmark to identify the best performing functional, we, nonetheless, conclude that 
the most stable doping configurations can be confidently identified using any of the examined 
functionals. The implication of Na-substituting dopants such as Cu on thermoelectric 
performance is the immobilization of Na ions that act like an ionic liquid in pristine NaxCoO2 
at higher temperatures. This immobilization reduces the resistivity by improving the mobility 
of carriers enhancing the thermo-power.

S26 631

Role of structural symmetry breaking in the structurally induced 
lubricity of graphene and h-BN homo- and hetero-junctions

Narjes Ansari1, Fariba Nazari1, Francesc Illas2

1) Institute for Advanced Studies in Basic Sciences 
2) Institut de Química Teòrica i Computacional (IQTCUB) 

In this work, the effect of structural defects on the tribological properties between pristine 
graphene (G), h-BN, graphene-585-extended line defect (GD) and h-BN-585-extended line 
defect (BND) has been assessed. To this end, an artificial neural network (ANN) has been 
first constructed based on calculated DFT-D energy values as training set. The interlayer 
sliding energy landscape (ISEL) surfaces predicted by the ANN were in excellent agreement 
with explicit DFT-D based calculation. In a subsequent step, a registry index (RI) has been 
defined and the RI based ISEL computed for all systems. The results of RI corrugation 
reveal robust superlubricity in the GD@G and BND@BN homo-junctions which is interpreted 
as a result of symmetry breaking of the sliding flake. In the GD@BN and BND@G hetero-
junctions the existence of 585-ELD as a structural anisotropy in the flake causes the robust 
superlubricity already observed by Leven et al. [J. Phys. Chem. Lett. 2013, 4, 115-120.] in 
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the pristine BN@G hetero-junction even for small size flakes. Hence, the present results 
show that increasing the structural anisotropy, which is introduced by the embedded 585-
ELD in the flake, decreases significantly the friction between the two hetero (and even) 
homo bilayer junctions.

S26 632

Enhanced photoluminescence by recovering  
missing oxygen in Y2O¬3:Bi

* Seungchul Kim1, Heechae Choi1, Sovann Khan1, Kwang-Ryeol Lee1, So Hye Cho1

1) Korea Institute of Science and Technology 

It has been known that absorption and emission spectra of Bi-doped yttria (Y2O3) are 
dependent much on their fabrication procedures such as annealing condition or fuel of 
combustion, as well as doping sites for Bi, but origins of such dependencies were remained 
an unrevealed questions. Many researchers speculate atomic defects play significant role in 
photoluminescence of Y2O3:Bi, however, solid evidence of their role is very rare. We have 
investigated the geometric and electronic structures of Bi-doped Y 2O3 including intrinsic 
point defects, using density functional theory (DFT) calculations and thermodynamic 
formalism. The formation of point defects was thoroughly investigated under varying oxygen 
partial pressure and temperature, and their effect in electronic structures. We found that, 
under usual annealing temperature (~1300 K), the concentration of defects is not ignorable. 
Especially, missing lattice oxygen adjacent to Bi at S6 re-absorbs 500 nm emission from C2 
site of Bi, which is desired wave length from Y2O3:Bi, and degrades the luminescence 
efficiency. Based on this observation, we successfully suggested to the experimentalist 
keeping oxygen rich condition during the annealing the yttria phosphor to improve the 
luminescence efficiency.

S26 633

How should the energies of localized vs. delocalized polarons 
be compared in supercell calculations? 
A case study in self-trapped polarons in silver halides

* Simon Loftager1, Pablo García-Fernández2, José Antonio Aramburu2, Miguel 
Moreno2, Juan María García-lastra1

1) Department of Energy Conversion and Storage, Technical University of Denmark, DK-4000 
Roskilde, Denmark 

2) Departamento de Ciencias de la Tierra y Física de la Materia Condensada, Universidad de 
Cantabria, 39005 Santander, Spain 

Self-trapped polarons are probably the simplest example defects in solids. Calculating the 
formation energy of polarons within the supercell approximation requires using charged 
supercells. This implies that the calculated energies need to be corrected in order to eliminate 
the spurious coulomb interactions between the charged defect replicas. Several schemes 
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have been proposed in the literature to introduce these coulombic corrections which in all 
the cases are reduced by a factor proportional to the inverse of the host material dielectric 
constant (accounting for screening of these coulombic interactions).

The use of the dielectic constant as a reduction factor is an issue when the energy of a 
self-trapped localized small polaron is compared with the energy of the fully delocalized 
version of the same polaron. In the former case, using the host material dielectric constant 
to include the screening in the corrections is well justified. However, in the latter case, the 
delocalization of the polaron leads to metallization of the system and thus to perfect screening 
of the coulomb interactions. We will discuss this point through one particular case: the self-
trapped hole polarons in AgCl and AgBr, which are among the best experimentally 
characterized examples of trapped holes.

S26 634

The role of point defect energy levels in the photoluminescence  
of PbS, PbSe, and PbTe nanomaterials

* Wun-Fan Li1, Chang-Ming Fang1, Marjolein Dijkstra1, Marijn A. van Huis1

1) Soft Condensed Matter, Debye Institute for Nanomaterials Science, Utrecht University 

Intrinsic defects are of central importance to the photoluminescence (PL) process taking 
place in compound nanomaterials. Here, the role of intrinsic defects in the PL process in 
lead chalcogenide systems PbS, PbSe, and PbTe (PbX) were studied systematically using 
first principles density functional theory. Vacancy, interstitial, Schottky, and Frenkel defects 
were considered. The studied physical properties include defect formation energy, local 
geometry relaxation, Bader charge analysis, and electronic structure. The defect formation 
energies indicate that monovacancy defects and Schottky defects are favored over interstitial 
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and Frenkel defects. Schottky dimers, where the cation vacancy and anion vacancy are 
adjecent to each other, have the lowest defect formation energies at 1.27 eV, 1.29 eV, and 
1.21 eV for PbS, PbSe, and PbTe, respectively. Our results show that the Pb monovacancy 
gives rise to a shallow acceptor state, which may participate in a radiative recombination. X 
vacancy generates a deep donor state and would trap conducting holes in p-type PbX, thus 
reducing the quantum yield. Schottky defects create donor-acceptor pairs inside the band 
gap, and are expected to give rise to a PL emission with energy smaller than the material 
band gap.

S26 635

Atomic and Electronic Structure  
of Fe substitutional defects in MgO

* Sebastián Alarcón Villaseca1, Sergey V. Levchenko1, Matthias Scheffler1

1) Fritz-Haber-Institut der MPG, 14195 Berlin, DE 

The accurate description of transition-metal-containing defects in crystals presents a 
challenge for electronic structure methods. Although replacing a fraction α of the (semi-)local 
exchange by the exact exchange in hybrid DFT reduces the self-interaction error, α remains 
a parameter depending on the target property [1,2]. Here, the dependence of the formation 
energies of Fe_{Mg} substitutional defects in Fe-doped MgO (a promising catalyst for 
methane conversion) on α in the Heyd-Scuseria-Ernzerhof hybrid functional (HSE) is 
explored, and the results are compared to CCSD(T) embedded cluster calculations. We find 
that HSE(α = 0.5-0.6) reproduces closely the CCSD(T) results. Moreover, HSE(α = 0.5-0.6) 
satisfies the constraint that the DFT HOMO equals the ionization energy as calculated by 
G0W0@HSE(α). Periodic models with converged unit-cell size are then used to calculate the 
atomic and electronic structure of Fe_{Mg}. Interestingly, the experimentally observed  
O_{h} → D_{4h} (oblate) Jahn-Teller distortion [3] is obtained only for α ≥ 0.5.
[1] Varley et al., PRB 85, 081109 (2012).
[2] Richter et al., PRL 111, 045502 (2013).
[3] Hauptricht et al., PRB 82, 035120 (2010).
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S26 636

Structural and electronic characteristics on Ge/GeOx interfaces

* Kai Liu1,2, Cheol Seong Hwang2, Jung-Hae Choi1

1) Electronic Materials Research Center, Korea Institute of Science and Technology, Seoul 130-
791, Korea 

2) Department of Materials Science and Engineering, Seoul National University, Seoul 151-744, 
Korea 

For the new-generation transistors using Ge channel materials, control of high-k material 
interfacial layer is crucial to obtain stable high-k/Ge interface. However, germanium oxide 
interface generally shows higher defect concentrations, which is related to the low stability 
of GeO2 compared to SiO2.

Recent DFT calculations provided insight into the nature of typical defects at Ge/GeOx 
interface. Broqvist et al. studied the typical defects occurring at Ge/GeOx interface and 
discussed the plausible origins of the high leakage current density (Dit)

[1]. Valence alternation 
pairs were proposed as the main cause of the observed Dit. However, detailed understanding 
on Ge/GeOx interfacial is still rare.

In this work, we generate a model of interface between Ge and GeOx. We focus on the 
generation of transitional interface model. Short-range structural parameters as bond length, 
bond angles, and global properties such as oxygen density, will be compared with typical 
experimental values. Using interfacial models, we study the electronic properties of Ge/
GeOx structure. Valence band offset between Ge and GeO2 will be calculated and effects of 
interface on the electronic band properties will be discussed.

[1] Peter Broqvist et. al., Applied Physics Letters, 94(14), 141911, 2009

S26 637

Proper theoretical description of oxidation  
of acceptor-doped perovskites

* Anders Lindman1, Paul Erhart1, Göran Wahnström1

1) Chalmers University of Technology 

Charge carrier concentrations in acceptor-doped ABO3-type perovskites are largely 
determined by the oxidation of oxygen vacancies, which introduce holes. First-principles 
modeling of these reactions involves calculations of formation energies of charged defects, 
which require an accurate description of the band gap and the position of band edges. Since 
DFT with LDA and GGA fails to describe these quantities this can have serious implications 
on the modeling of defect reactions. Additionally, modeling of hole polarons can also be 
problematic with LDA and GGA due to the self-interaction error and this can have implications 
on the oxidation reaction.

We have used several techniques to study the oxidation reaction in perovskites, where 
BaZrO3 has been considered. To investigate the effect of the band gap problem we used two 
methods beside GGA: hybrid functionals and G0W0. To study hole polarons we used DFT+U 
and hybrid functionals.
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We find that the results differ qualitatively with an exothermic oxidation reaction with GGA 
while endothermic with hybrid functionals and G0W0. The latter is more consistent with 
experimental data of charge carrier concentrations, oxidation enthalpies and conductivities. 
Polaron formation is found to be favorable, although this has little effect on the oxidation reaction.

S26 638

Formation energies, chemical and electronic properties  
of point defects at Ni-doped MgO

* Aliaksei Mazheika1, Sergey V. Levchenko1, Matthias Scheffler1

1) Fritz-Haber-Institut der MPG, Berlin, Germany 

Replacing a fraction of the (semi-)local exchange by the exact exchange (EX) in hybrid DFT 
reduces the self-interaction error. However, the value α of the EX contribution remains a 
parameter that needs to be validated, and it may be different for different properties. For 
example, while HSE with α = 0.4 gives the calculated band gap of MgO close to experiment 
[1], it was shown by imposing a fundamental DFT constraint that α = 0.25 should be used to 
calculate formation energy of O-vacancy in a p-doped MgO [2]. Here, we explore the HSE 
α-dependence of the properties of NiMg substitutional defects in MgO bulk and at the (100) 
surface. We find that HSE(α = 0.3) reproduces CCSD(T) formation energies and CO 
adsorption energies on NiMg, calculated with embedded cluster models. However, α = 0.4 is 
required to satisfy the constraint that the DFT HOMO equals the ionization energy. Based on 
these results, we study NiMg defects in the bulk, at the surface, in subsurface layers, at 
corners and steps, and adsorption of CO2, CO, CH4 on these defects. – [1] J. Varley et al., 
PRB 85, 081109 (2012); [2] N. Richter et al., PRL 111, 045502 (2013).

S26 639

The properties of intrinsic defects near  
a Bi-doped grain boundary in ZnO

* Chenlu Cheng1, Jinliang He1, Arash A. Mostofi2

1) Departament Of Electrical Engineering, Tsinghua University, China 
2) Departament Of Materials, Imperial College, London, UK 

Double-Schottky barriers (DSBs) formed at grain boundaries in ZnO varistors are known to be 
responsible for their useful non-linear electrical properties. This functionality can be attributed 
to the presence of bismuth at the grain boundary, which stabilizes acceptor-like defect 
complexes at the interface. It is believed that the degradation of DSBs, which results in loss of 
performance of the varistor, is also strongly linked to the behaviour of intrinsic defects and 
defect complexes at the grain boundary, but the precise mechanism remains unclear. One 
possibility is that DSB degradation is due to the segregation of the Zni-VO complex from the bulk 
to the grain boundary. We investigate this hypothesis by using large-scale electronic structure 
calculations based on density-functional theory to calculate the energetics of segregation and 
electrical activity of the defect complex in the vicinity of a Bi-doped grain boundary in ZnO.
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S26 640

Optimized thermoelectric performance  
of half-Heusler materials by self- and isovalent doping

* Robin Stern1, Georg Madsen1

1) Ruhr-University Bochum, ICAMS 

The thermoelectric performance of a material is determined by the power-factor, S^2σ and 
the thermal conductivity κ. The power-factor is strongly influenced by the carrier concentration 
and can be optimized by doping. Taking the example of TiNiSn we calculated the defect 
formation energies of all intrinsic defects using the DFT supercell approach to study the 
influence on the intrinsic carrier concentration. Within the thermodynamic stability range we 
considered various growth conditions of the TiNiSn half-Heusler and show, that carrier 
concentrations that optimize the power-factor can be achieved by choosing Ni or Ti-rich 
growth conditions. Furthermore, we found that TiNiSn can be doped n-type through isovalent 
doping with Si on the Sn position. Our results show potential new routes to optimize the 
thermoelectric performance of half-Heusler materials.

S26 641

Stone-Wales Defects in Single Walled Carbon Nanotubes

* Mukul Kabir1, Krystyn J. Van Vliet2

1) Department of Physics, Indian Institute of Science Education and Research, Pune 411008, India 
2) Department of Materials Science and Engineering, Massachusetts Institute of Technology, 

Cambridge, Massachusetts 02139, USA

Topological defects such as Stone-Wales defects play a central role in plastic deformation, 
chemical fucntionalization, and junction formation between carbon nanotubes. Here, we 
couple density functional theory with transition state theory to systematically investigate the 
thermodynamic formation energy and kinetic activation barrier of topological Stone-Wales 
defect in single-wall carbon nanotubes. We find that both the formation and activation 
energies depend critically on the nanotube chairality, diameter and defect orientation. The 
kinetic activation barrier follows empirical Brønsted-Evans-Polanyi type correlation with the 
corresponding thermodynamic formation energy, and can be explained by overlapping 
energy-coordinate parabolas representing the structures with and without the defect. Further, 
we propose a possible route to substantially decrease the kinetic activation barrier for Stone-
Wales defects. Such accelerated rates of formation of these defects are desirable in many 
novel electronic, mechanical and chemical applications, and also facilitate the formation of 
three-dimensional nanotube superstructures. 
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S26 642

Steps or Terraces? -- Dynamics of Aromatic Hydrocarbons 
Adsorbed at Vicinal Metal Surfaces

* Javier Camarillo-Cisneros1, Wei Liu1, Alexandre Tkatchenko1

1) Fritz Haber Institut der Max Planck Gesellschaft 

The study of how molecules adsorb, diffuse, interact, and desorb from imperfect surfaces is 
essential for a complete understanding of elementary surface processes under relevant 
pressure and temperature conditions. Here we use first-principles calculations to study the 
adsorption of benzene and naphthalene on a vicinal Cu(443) surface with the aim to gain 
insight into the behavior of aromatic hydrocarbons on realistic surfaces at finite temperature. 
Upon strong adsorption at step edges at low temperature, the molecules then migrate from 
the step to the (111) terraces, where they can freely diffuse parallel to the step edge. This 
migration happens at temperatures well below the onset of desorption, suggesting a more 
complex dynamical picture than previously proposed from temperature-programmed 
desorption studies. The increase of the adsorption strength observed in experiments for 
Cu(443) when compared to Cu(111), is explained by a stronger long-range van der Waals 
attraction between the hydrocarbons and the step edges of the Cu(443) surface. Our 
calculations highlight the need for time-resolved experimental studies to fully understand the 
dynamics of molecular layers on surfaces.
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S28 643

Ab initio simulations of pyrochlores (A2B2O7):  
the energetics of defects formation and the excess properties  
of pyrochlore-type solid solutions

* Yan Li1, Piotr Kowalski1, George Beridze1, Sarah Finkeldei1, Victor Vinograd 1,  
Dirk Bosbach1

1) Institute of Energy and Climate Research: Nuclear Waste Management and Reactor Safety 
(IEK-6), Forschungszentrum Juelich, 52425 Juelich, Germany 

Minor actinides (Am, Cm and Np) and Pu as the main radiotoxic components of the nuclear 
waste require safe management strategies. Pyrochlore-type ceramics are promising 
candidates for immobilization of these radionuclides. This is mainly because of the chemical 
stability and high radiation damage resistance shown by their natural analogues. However, 
the reason of such a behavior must be well understood and the material itself well 
characterized before it could be used as a matrix for immobilization of nuclear waste. We 
have performed systematic ab initio simulations of various properties of pyrochlores. These 
include computation of the energies of defects formation in pyrochlores and the excess 
enthalpies of mixing of pyrochlore-type solid solutions. We computed the new ab initio 
contour maps of cation antisite and anion Frenkel-pair defect formation energies. The new 
diagrams correlate nicely with stability field of pyrochlores. We found that in the compounds 
that tend to form defective fluorite, the anion antisite defect formation energy is negative, 
which in part explains the composition-dependent selective instability of pyrochlores. We 
also calculated the excess enthalpies of mixing of various lanthanides and actinides involving 
pyrochlore-type solid solutions. These simulations provide crucial information on the 
thermodynamic stability of these materials as potential nuclear waste forms.

S28 644

Accurate descriptions of mixed molecular ices under pressure

* Victor Naden Robinson1, Andreas Hermann1

1) School of Physics and Astronomy & CSEC, The University of Edinburgh 

Understanding the structural, dynamic, and electronic evolution of molecular materials at 
extreme compressions is crucial for our understanding of the formation and properties of 
giant gas planets. The typical ices expected to make up large parts of Uranus and Neptune, 
for example, (water, ammonia, and methane) have been studied by themselves extensively 
in recent years, both computationally and experimentally. For a more complete understanding, 
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however, a thorough investigation of true molecular mixtures is needed. Accompanying and 
interpreting experiments through accurate first-principles calculations is of utmost importance.

Molecular materials feature a ladder of interactions, all of which need to be described 
accurately by the first principles method chosen: covalent bonding, electrostatics, hydrogen 
bonding, and dispersion interactions all play important roles, and their relative magnitude as 
a function of external pressure is often the driving force for intriguing phase transitions. Here, 
we present results on mixtures of ammonia and water at high pressures, using crystal 
structure prediction methods and first-principles calculations. We focus on the hemi-, mono-
, and dihydrates of ammonia and compare different description of these materials within 
density functional theory.

S28 645

Density functional theory for self-consistent description of 
electronic and optical properties of warm dense matter

* Genri Norman1, Ilnur Saitov1

1) Joint Insitute for High Temperatures 

An approach is developed which provides a self-consistent description of optical and 
electronic properties of warm dense matter (WDM). Corrections are considered which allow 
for the finite width of the transient layer at the WDM border. The density functional theory is 
used for computation of the dielectric function (DF). DF is used as the basic value for the 
calculation of the WDM properties. The core electrons are considered by means of the 
projector augmented wave (PAW) method potential [1], which is nonlocal. The Kohn-Sham 
set of equations with the PAW potential is solved for valent electrons. Due to the nonlocality 
of the PAW potentials, the longitudinal expression [2] is used. The method is suggested to 
calculate plasma frequency, which is based on the sum rule. The first application of the 
approach is reflectivity of shocked xenon [3, 4]. Most of the experimental data are explained, 
contrary to all the previous attempts.
[1] T. R. Mattsson, R. J. Magyar, AIP Conf. Proc. 1195, 797 (2009).
[2] G. Norman, I. Saitov, V. Stegailov, P. Zhilyaev. Phys. Rev. E 91, 023105 (2015)
[3] V.B.Mintsev, Yu.B.Zaporogets. Contrib. Plasma Phys. 29, 493 (1989).
[4] Yu.B.Zaporoghets, et al. J. Phys. A: Math. Gen. 39, 4329 (2006).
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S28 646

First-principles Calculation of Electronic Stopping Contributions 
from Core Electrons and Off-channeling

* Andre Schleife1, Alfredo Correa2, Yosuke Kanai3

1) Department of Materials Science and Engineering, University of Illinois at Urbana-Champaign 
2) Condensed Matter and Materials Division, Lawrence Livermore National Laboratory 
3) Department of Chemistry, University of North Carolina Chapel Hill 

Many questions in modern computational materials science require an explicit description of 
real-time electron dynamics. In order to understand, for instance, the interaction of fast 
projectile atoms (here: hydrogen and helium atoms) with targets (here: aluminum and gold) 
it is critical to investigate the electronic contribution to stopping power. The goal of such 
efforts is to obtain a detailed understanding of radiation damage e.g. for space applications 
but also to describe fundamental effects of the electron-ion interaction.

Recently, a computational framework came within reach that is capable of accurately 
describing electronic stopping from first principles: Using our highly parallel implementation 
of real-time time-dependent density functional theory in non-adiabatic Ehrenfest molecular 
dynamics, we are able to gain insight into electronic stopping in bulk targets with hundreds 
of atoms and thousands of electrons. This plane-wave computational scheme is well-suited 
for highly parallelized supercomputers, showing excellent performance and scalability on a 
large number of nodes on BlueGene as well as Cray architectures such as “Blue Waters”. 
We use our accurate results to discuss distinct contributions of valence and core electrons 
of aluminum target atoms to electronic stopping and study their importance for different 
projectile velocities. There is striking influence of the stopping geometry especially for fast 
projectiles, and we find excellent agreement with experiment.

S28 647

Highly efficient parallel molecular dynamics using  
temperature-dependent effective potential method

* Igor Mosyagin1,2, Olle Hellman1,3, Weine Olovsson1, Sergei Simak1, Igor Abrikosov1,2

1) Department of Physics (IFM), Linköping University, SE-58183 Linköping, Sweden 
2) Materials Modeling and Development Laboratory, NUST “MISIS”, RU-119991 Moscow, Russia 
3) Department of Applied Physics and Materials Science, California Institute of Technology, 

Pasadena, California 91125, USA 

Ab initio molecular dynamics simulations are computationally demanding, especially for 
complex systems with large supercells. In this work we introduce a way to improve the 
speed of a simulations by using temperature-dependent effective potential method (TDEP). 
By obtaining the force constants matrix, we can construct random uncorrelated starting 
points for simulation, effectively making it embarrassingly parallel. We also show that for the 
model system of hcp Fe the obtained thermal equation of state at 2000K, as a model problem, 
is in excellent agreement with state-of-the-art quasiharmonic approximation. Moreover, this 
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method can be used for simulations where the quasiharmonic approximation fails, since 
TDEP method accounts explicitly for the anharmonic contributions.
[1] Vienna Ab initio simulation package, http://www.vasp.at/
[2] O. Hellman, I. A. Abrikosov, and S. I. Simak, Phys. Rev. B 84, 180301 (2011).
[3] Olle Hellman, Peter Steneteg, I. Abrikosov, and S. Simak, Physical Review B 87(10), 104111 2013).
[4] Xianwei Sha and R. E. Cohen, Physical Review B 81(9), 094105 (2010)

S28 648

New low-energy tetrahedral polymorphs  
of carbon, silicon, and germanium

* Andrés Mujica1, Chris J. Pickard2, Richard J. Needs3

1) Departamento de Física and Instituto de Materiales y Nanotecnología, MALTA Consolider Team, 
Universidad de La Laguna, La Laguna 38200, Tenerife, Spain 

2) Department of Physics & Astronomy, University College London, Gower Street, London WC1E 
6BT, United Kingdom 

3) Theory of Condensed Matter Group, Cavendish Laboratory, J. J. Thomson Avenue, Cambridge 
CB3 0HE, United Kingdom 

A number of zero-pressure metastable tetrahedral polymorphs of the technologically relevant 
Group-14 elements carbon, silicon, and germanium, with both higher and lower densities 
than their diamond phases, have been experimentally observed over the years upon release 
of pressure from their stable high-pressure phases, through nanoindentation or by other 
novel synthesis methods which involve the use of high pressure. Here we describe several 
energetically favorable and dynamically stable tetrahedral polymorphs that have been 
theoretically obtained by ab initio random structure search (AIRSS) within the framework of 
the density functional theory. These new orthorhombic and tetragonal sp3 forms show lower 
or comparable enthalpies to those of other Group-14 polymorphs that have either been 
experimentally synthesized or recently proposed as the structure of unknown phases 
obtained in experiments, and have thus the potential of being themselves synthesizable. 
These include an orthorhombic phase that in Si is found to have a zone-center quasi-direct 
band gap of about the right size for optimal photovoltaic applications and a tetragonal phase 
with a chiral topology that displays an exotic pentagonal pattern. We discuss the interesting 
structural, electronic and vibrational properties of the new phases comparing them with 
those of other observed and hypothetical phases of these materials.
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S28 649

First-principles theory of High-Temperature  
Shape Memory Materials

* Sergei Simak1

1) IFM, Linköping University 

Shape-memory alloys have a variety of applications due to their ability to recover shape from 
the deformed state under heating or/and strain. This effect is connected to a martensitic 
phase transition, which usually involves a cubic phase that is mechanically stabile above the 
transition temperature and unstable below. Martensitic phase transition in a promising high-
temperature shape-memory (HTSM) material, NbRu alloy, has been studied by first-principles 
molecular dynamics via the calculation of temperature-dependent elastic properties. We 
show that the mechanism of stabilization of the cubic phase under heating is directly related 
to the anharmonic lattice vibrations and reproduce the transition temperature in very good 
agreement with experiment. Further, a striking effect of chemical disorder on the shape-
memory effect is revealed. It tends to stabilize the cubic phase of NbRu under cooling rather 
than heating conditions, i.e. the reverse trend with respect to the ordered structure is 
observed. Therefore uncontrolled disorder, due to, for example, fast quenching or irradiation 
may prevent the martensitic transition and destroy the shape-memory behavior. We believe 
that the physical mechanism behind the stabilization of the high-temperature phase at low 
temperatures should be rather general for the HTSM alloys. 

S28 650

Carbon impurities in MgSiO3

* Michel Lacerda1, Assali L.V.C.1

1) Instituto de Fisica - Universidade de São Paulo 

In the last decades, a great attention has been given to the phenomenology of the Earth’s 
lower mantle. Most information of Earth’s structure is obtained indirectly, through the study 
of the seismic waves. This seismological data can be inverted and compared to the properties 
of known materials to elucidate the chemical composition of the Earth, but the extreme 
conditions of the lower mantle limits experimental studies. In this way, ab initio calculations 
are an important tool to describe matter at extreme conditions.

Carbon is one of the most important elements, since it is one of life forming blocks. It is 
well known nowadays that most of Earth’s carbon is stored in the deeper parts of the planet. 
But there is still a lack of knowledge on how carbon behaves at such extreme conditions. In 
this study, we investigate the influence of carbon impurities in MgSiO3, one of the main 
constituents of the lower mantle. We calculated the elastic and electronic properties of this 
impurity and investigate possible implications for the lower mantle. The calculations were 
carried out using density functional theory based codes with the pseudo potential method, 
implemented in the Quantum ESPRESSO computational package.
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S28 651

Free electron states in warm dense matter:  
how to distinguish them?

* Genri Norman1,2, Ilnur Saitov1,2, Vladimir Stegailov1,2, Petr Zhilyaev1,2

1) Joint Institute for High Temperatures of Russian Academy of Sciences 
2) 2) Moscow Institute of Physics and Technology (State University) 

There is no distinction between bound and free electron states in the finite temperature 
Kohn-Sham DFT. However in certain cases (like WDM or plasma studies) such a distinction 
is a long-standing problem. Here we discuss criteria that can serve for this separation.

For WDM gold we calculated the pressure build-up with increase of electronic temperature. 
We analyzed it using the effective ion-ion potential obtained by force matching and the Fermi 
gas model [1]. We estimated the ionization degree ne, its Te dependence and separated the 
pressure build-up due to bond hardening from the free electron contribution. For WDM Au 
we observed a transition at Te∼1eV from ne=1 to 3 per atom and hence describe a gradual 
ionization of d-electrons in WDM gold.

We showed that FT KS DFT with the non-local PAW e-i interaction provides an accurate 
description of xenon plasma reflectivity [2]. In this case we used two other criteria based on 
optic properties calculations for the estimates of effective free electron concentrations.
[1] V.Stegailov, P.Zhilyaev, Contrib. Plasma Physics, 55, 164-171 (2015)
[2] G.Norman, I.Saitov, V.Stegailov, P.Zhilyaev, Phys. Rev. E. 91, 023105 (2015)
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S28 652

Computational Phase Diagram of Noble Gas Hydrates

* Pattanasak Teeratchanan1, Andreas Hermann1

1) The University of Edinburgh 

Gas hydrates are host-guest compounds where a water framework acts as host network to 
accommodate certain atomic or molecular guest species. A prominent hydrate found in 
nature is methane clathrate hydrate, found on the ocean seabed, in natural gas extraction 
processes, and possibly on Mars. A limited understanding on why certain guest gases prefer 
particular host frameworks hampers our knowledge of these compounds. We study the 
prototypical noble-gas hydrates with He, Ne, and Ar as spherical guest species, which can 
be seen as simple models for small diatomic molecules of comparable sizes, such as 
hydrogen, oxygen, or carbon dioxide. By using density functional theory (DFT) to calculate 
the ground state enthalpies, we study the phase diagrams of the noble-gas hydrates in the 
pressure region 0-100 kBar. We explore the suitability of DFT to treat the weak host-guest 
interactions by comparing the semi-local PBE functional with long-range dispersion 
interactions (vdW-DF, vdW-D2, vdW-D3). Our vdW-DF results show a phase sequence 
based on filled ice-Ih, ice-II, and ice-Ic for He hydrates (C0-Ih-II-Ic for Ne hydrates). For Ar 
hydrates, only a partially filled C0 network becomes metastable.

S28 653

High pressure compounds in the hydrogen-sulfur system

* Ion Errea1, Matteo Calandra2, Chris Pickard3, Joseph Nelson4, Richard Needs4, 
Yinwei Li5, Hanyu Liu6, Yunwei Zhang7, Yanming Ma7, Francesco Mauri8

1) Donostia International Physics Center (DIPC), Manuel de Lardizabal Pasealekua 4, 20018 
Donostia-San Sebastián, Basque Country, Spain 

2) IMPMC, UMR CNRS 7590, Sorbonne Universités-UPMC University Paris 06, MNHN, IRD, 4 
Place Jussieu, F-75005 Paris, France 

3) Department of Physics & Astronomy, University College London, Gower Street, London WC1E 
6BT, United Kingdom 

4) Theory of Condensed Matter Group, Cavendish Laboratory, J.J. Thomson Avenue, Cambridge 
CB3 0HE, United Kingdom 

5) School of Physics and Electronic Engineering, Jiangsu Normal University, Xuzhou 221116, 
People’s Republic of China 

6) Department of Physics and Engineering Physics, University of Saskatchewan, Saskatchewan 
S7N 5E2, Canada 

7) State Key Laboratory of Superhard Materials, Jilin University, Changchun 130012, People’s 
Republic of China 

8) IKERBASQUE, Basque Foundation for Science, Bilbao, Spain 

We have explored compounds formed from hydrogen and sulfur at high pressures. The H-S 
system has a rich and diverse chemistry: for example, the disulfide, H2S, is an analogue for 
water at the molecular level and has at least 9 experimentally observed phases below 40 
GPa. This compound has also gained enormous interest recently with experimental results 
showing that hydrogen sulfide forms a BCS superconductor at very high pressures (200 
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GPa), with a record high critical temperature of 190 K. We present our searching results in 
this diverse system, uncovering several new stable structures and stoichiometries.

We use computational searching techniques and density-functional theory to determine 
crystal structures, using the ab initio random structure searching (AIRSS) and Crystal 
structure AnaLYsis by Particle Swarm Optimization (CALYPSO) methods. These methods 
have seen numerous successful applications in the study of materials at extremes of 
pressure and temperature.

S28 654

Quantum Hydrogen Behaviour in 2-D Portlandite [Ca(OH)2]  
under High Pressure

* Romain Dupuis1, Jose Surga2, Jorge Dolado3, Andrés Ayuela4

1) DIPC 
2) INTEVEP 
3) TECNALIA 
4) CFM/DIPC 

Portlandite is a material which is not only important in cements, as a secondary phase [1], 
but also for building nanostructures, such as nanotubes [2]. Under normal conditions, it is a 
crystalline phase with O-H bonds aligned in the z direction. 

We found using DFT calculations that under high pressure the hydrogen atoms falls into 
one of three basins and form a quasi-2D layer. This is consistent with the recent experiments 
at high temperature and pressure [3]. Seemingly, under extreme conditions, there are 
hydrogen quantum nuclear effects in portlandite. Using Path Integral Molecular Dynamics 
[4], which is a method to take into account these effects, we observed that at high pressure 
the hydrogen can cross from one site to an other by tunnelling effects. Quantum nuclear 
effects could be relevant for the hydrogen diffusion inside Ca(OH)2 nanotubes.
[1] H.F.W. Taylor, Cement Chemistry, 1997.
[2] H. Manzano et al., Advanced materials, vol. 24, pp. 3239-3245, 2012.
[3] H. Xu et al., Physics and Chemistry of Minerals, vol. 34, no. 4, pp. 223–232, 2007.
[4] M.E. Tuckerman and G.J Martyna, The Journal of Physical Chemistry, vol. 104, no. 2, pp. 159-178, 

2000
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S28 655

Dirac Cone Formation in Single-Component  
Molecular Crystal Under Pressure

* Takao Tsumuraya1, Hengbo Cui2, Hiori Kino3, Tsuyoshi Miyazaki1, Reizo Kato2

1) National Institute for Materials Science (NIMS) 
2) Condensed Molecular Materials Laboratory, RIKEN 
3) International Center for Materials Nanoarchitectonics (MANA), National Institute for Materials 

Science (NIMS) 

Dirac cone is known to exhibit unique physical properties when the top of the occupied 
bands contacts with the bottom of the unoccupied bands in a point at the Fermi level. We 
recently discovered that a single component molecular crystal, [Pd(dddt)2] shows anisotropic 
Dirac cones at the Fermi level under the pressure of 8 GPa by the first-principles density 
functional theory calculations. At ambient pressure, the valence band is predominately 
composed of the HOMO of an isolated Pd(dddt)2 and the conduction band consists of the 
LUMO. These bands are separated from each other at ambient pressure to result in an 
insulating system. It is natural that the band overlap occurs between the HOMO and LUMO 
bands and the system becomes metallic under pressure. Our analysis of the electronic 
structure shows that the intermolecular hybridization between the HOMO and LUMO 
increases by pressure especially along the stacking direction (b-axis) of the molecules and 
side-by-side (c-axis) direction. We found that such multi-orbital nature is closely related to 
the mechanism of Dirac corn formation. Simple explanation on the Dirac corn formation will 
be presented.

S28 656

Calculations of phonons spectra of MgO  
and Iron from ab-initio MD simulation

* Johann Bouchet1, Francois Bottin1, Francoise Remus1, Stephane Mazevet1,  
Vanina Recoules1

1) CEA 

In density functional theory the thermal vibration of atoms and therefore the free energy are 
usually obtained via the harmonic or quasiharmonic approximation. Unfortunately, it is well 
known that this approximation fails for the treatment of lattice dynamics of strongly anharmonic 
solids. For example, the free energy of dynamically unstable structure at 0 K as the bcc 
structure of Li, Zr, Ti or U cannot be obtained or the temperature dependence of a soft mode 
cannot be reproduced. Here I will present how the lattice dynamics of a solid at high 
temperature can be obtained by means of first-priciples molecular dynamics simulations[1]. 
Then I will present several examples to show the usefulness of this method: the B1-B2 
phase transition in MgO and the sound speeds of pure iron.
[1] Olle Hellman, Igor Abrikosov and Sergey Simak. Physical Review B 84, 180301 (2011). 
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S28 657

3He condensed in nanostructure: NMR study

* Mykola Mikhin1, Alexander Birchenko1, Yana Fysun1

1) B.Verkin Institute for Low Temperature Physics and Engineering of NAS of Ukraine 

MCM-41 is a new nanostructure: a pack of parallel atomically smooth sintered tubes of SiO2.
The powder MCM-41 is effective adsorbent of noble gases (in our case – helium-3) with 

good absorbency (specific surface area ~ 300 m2/cm3). Moreover, 99% of the adsorbing 
surface is the inner surface of the tubes. It has known that roughly first 1.8 mono-layers of 
adsorbed helium have disordered solid structure. Next additional 3He has the properties of 
a “rarefied” liquid. This quasi-one-dimensional object is supposed to have properties of 
Tomonaga-Luttinger liquid, low-dimensional structure of the 3He fermions. The study 
mentioned system is the goal of the present work.

3He adsorbed in 0.4 cm3 of MCM-41 powder was investigated by pulse NMR method 
(ω0/2π=9.15 MHz). Spin-lattice T1 and spin-spin T2 relaxation times, as well as D spin-
diffusion coefficient were measured in the temperature range 1.3-2 K. It was found at least 
two different contributions to the NMR signal, which can be associated with “disordered 
solid” and “rarefied liquid” phases of 3He mentioned above. The results obtained in the 
experiments are discussed.

S28 658

Thermoelectric transport properties of warm  
dense matter from first-principles simulations

* Martin French1, Ronald Redmer1, Thomas Mattsson2

1) University of Rostock, Germany 
2) Sandia National Laboratories, USA 

Transport properties are of fundamental importance to characterize matter in extreme states. 
Here we present calculations of electronic transport coefficients which were performed using 
density functional theory (DFT) combined with molecular dynamics simulations [1] and linear 
response theory [2]. In particular, we report on case studies for the simplest element hydrogen 
[2] and for the technologically important refractory metal molybdenum [3]. The latter one has 
recently been proposed as a driver material in pulsed power experiments at Sandia\’s 
Z-machine. We develop accurate models for its DC electrical and thermal conductivity for 
wide ranges of thermodynamic parameters. With extensive comparison to experimental 
data, we show that DFT-based methods are able to predict the electrical and thermal 
conductivity of molybdenum with high accuracy [3]. In addition, both the positive sign and the 
quantitative values of its thermoelectric power are reproduced very well. The validity of the 
Wiedemann-Franz law for the heated solid as well as for the dense plasma is examined and 
discussed.

[1] J. Hafner, J. Comput. Chem. 29, 2044 (2008)
[2] B. Holst, M. French, R. Redmer, Phys. Rev. B 83, 235120 (2011)
[3] M. French, T. R. Mattsson, Phys. Rev. B 90, 165113 (2014)
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S28 659

Model calculation of the Wigner crystal conductivity

* Vitalii Syvokon1, Iryna Sharapova1

3) B.Verkin Institute for Low Temperature Physics and Engineering of the National Academy of 
Sciences of Ukraine 

The Wigner crystal at the liquid helium surface is a spatially ordered state of a two-dimensional 
system of classical particles with the Coulomb interaction.

It is found [1] that the conductivity of a Wigner crystal changes drastically as the holding 
potential decreases. The sharp changes in the conductivity may be accounted for by the 
disturbance of the crystalline order when the holding field decreases and a solid disordered 
phase is formed. “Evaporation” of the electrons onto the higher-lying surface levels was 
assumed as a possible mechanism in [2].

This study is a continuation of the investigation of the electron crystal conductivity under 
the condition of a decreasing holding potential. The model calculation suggests another 
possible reason for the observed behavior of the conductivity.

The modeling results show that a decrease in the holding field causes redistribution of the 
electrons. As a result, their surface density increases in the direction from the center of the 
layer towards its edge though a certain order of the electron arrangement still persists. 
Besides, it is found that the active part of the conductivity increases sharply even with a 
slight decrease in the holding potential, i.e. the resistance of the layer increases.

[1] K.A. Nasyedkin, V.E. Syvokon, A.S. Neoneta. Pisma v ZhETF 91, 652 (2010).
[2] V.V. Slavin, A.A. Krivchikov, Fiz. Nizk. Temp. 38, 1390 (2012).

S28 660

Atomistic modeling of nuclear materials

* Piotr Kowalski1, George Beridze1, Yan Li1, Yaqi Ji1, Victor Vinograd1, Dirk Bosbach1

1) Institute of Nuclear Waste Management and Reactor Safety (IEK-6), Forschungszentrum Jülich, 
Jülich, Germany 

Nuclear waste is a by-product of nuclear technology that requires safe mangement and 
disposal. Current nuclear waste management strategies propose its deep geological disposal 
in a form of materials that could permanently immobilize the radionuclides, for instance in 
radiation damage resistant solid matrices. Before a material could be used for such a purpose, 
it must be well characterized and its long-term behaviour upon incorporation of actinides well 
understood. We will present selected examples where such a characterization has been 
performed with modern ab initio methods. In particular we will show examples of simulations 
of materials properties, that are difficult to measure by experimental techniques, but knowledge 
on which is important for the assesment of long term stability of nuclear waste forms. Specifically, 
we will show the results of computation of the heat capacities and the excess properties of 
monozite-type ceramics and their solid solutions ((An,Ln,M)PO4), computation of the defect 
formation energies in pyrochlore (A2B2O7) and irradiated graphite, simulations of the radiation 
damage processes and investigation of surface reactivity of these nuclear materials.
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S28 661

New type of electronic transition in Os compressed to 770 GPa

* Igor A. Abrikosov1,2, Marcus Ekholm1, Qingguo Feng1, Leonid V. Pourovskii3, 
Mikhail I. Katsnelson4, John M. Wills5, Natalia Dubrovinskaia6, Leonid Dubrovinsky6

1) Linköping University, SE-58183 Linköping, Sweden 
2) Materials Modeling and Development Laboratory, National University of Science and Technology 

‘MISIS’, 119049 Moscow, Russia 
3) Centre de Physique Theorique (CPHT), Ecole Polytechnique, 91128 Palaiseau Cedex, France 
4) Radboud University, 6525AJ Nijmegen, The Netherlands 
5) Theoretical Division, Los Alamos Natl Lab, Los Alamos, NM 87545 USA 
6) University of Bayreuth, D-95440 Bayreuth, Germany 

Structural and magnetic transitions upon compression are well known. However, the extreme 
stresses affect the electronic structure as well. We have considered Os, one of most 
incompressible metals, and compressed it to over 770 GPa. In the experiments, we have 
found anomalies in the behavior of the unit cells parameters ratio c/a at ~150 GPa and at 
~440 GPa. Theoretically, we have shown that the former peculiarity should be a signature of 
the topological change of the Fermi surface for valence electrons, the so-called electronic 
topological transition (ETT). However, the anomaly at 440 GPa might be related to a new 
type of electronic transition, the core level crossing (CLC) transition. The CLC is associated 
with interactions between deep 4f and 5p core electrons of Os induced by pressure. It is very 
different from either the ETT or the direct interaction between core and valence electrons 
under high compression evidenced in Li or Na. Achieving the pressure level sufficient to 
affect the core electrons for transition metals in static high-pressure experiments opens up 
exciting opportunities in searching for new states of matter.

S28 662

On the stability of orthorhombic iron carbide Fe7C3  
at the Earth’s core 

* Zamaan Raza1, Nina Shulumba1, Nuala Caffrey1, Olle Hellman1,  
Leonid Dubrovinsky2, Igor Abrikosov1

1) IFM, Linköping University, Sweden 
2) Bayerisches Geoinstitut, Universität Bayreuth, Germany 

A recently discovered phase of orthorhombic iron carbide, o-Fe7C3 [C. Prescher et al., Nature 
Geosci. 8, 220 (2015)] is assessed as a potentially important phase for interpretation of the 
properties of the Earth’s core. In this work, we carry out first-principles calculations on 
o-Fe7C3, finding properties to be in broad agreement with recent experiments, including a 
high Poisson’s ratio (0.38). Our enthalpy calculations suggest that o-Fe7C3 is more stable 
than Eckstrom- Adcock hexagonal iron carbide (h-Fe7C3) below approximately 100 GPa. 
However, at 150 GPa, the two phases are essentially degenerate in terms of Gibbs free 
energy, and further increasing the pressure towards Earth’s core conditions stabilizes 
h-Fe7C3 with respect to the orthorhombic phase. Increasing the temperature tends to stabilize 
the hexagonal phase at 360 GPa, but this trend may change beyond the limit of the quasi-
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harmonic approximation. For this reason, we also take temperature-induced anharmonicity 
into account using the Temperature-Dependent Effective Potential (TDEP) method [O. 
Hellman et al., Phys. Rev. B 87, 104111 (2013)].

S28 663

Thermodynamic properties of 1,3,5-triamino-2,4,6-trinitrobenzene 
under finite pressures and temperatures from dispersion 
corrected density functional theory

* Alexey Rykounov1

1) Russian Federal Nuclear Center – All-Russian Research Institute of Technical Physics  
(RFNC-VNIITF) 

Practical interest to experimental and theoretical studies into the structure of TATB is primarily 
determined by a unique combination of its detonating properties – low sensitivity to external 
impacts and relatively high detonation pressure and velocity.

The triclinic TATB crystal has a graphite-like structure. Different types of chemical bonding 
along the crystallographic axes define anisotropy in properties and difficulties in the simulation 
of its structure.

We undertook the research into the TATB properties using dispersion corrected density 
functional methods and ultrasoft pseudopotentials in a plane wave basis set. As a result, the 
equilibrium unit cell volume, lattice parameters and cold compression curve were described 
in good agreement with experimental data. Using the dependence of total energy on strictly 
defined structural deformations we, for the first time for this system, found from the first 
principles all second-order elastic constants for zero and non-zero (up to 10 GPa) pressures. 
We then determined sound velocities at zero temperature and elastic moduli. The latter 
agree well both with experimental and classical molecular dynamics data. With a 
quasiharmonic approximation we calculated vibrational contributions to free energy and 
evaluated how the structural and thermodynamic properties of TATB depend on temperature.

S28 664

Quantum Monte Carlo description of van der Waals solids: 
Crystalline benzene under pressure

* Sam Azadi1, Ronald Cohen 2

1) 1Department of Earth Sciences, University College London, Gower Street, London, UK 
2) Carnegie Institution, 5251 Broad Branch RD., N.W. Washington, DC 20015 USA 

The crystalline benzene phase diagram is a big challenge for theoretical and computational 
methods. Solids crystalline benzene consists of aromatic rings stacked to maximum Pi-Pi 
bonding. To distinguish between crystal phases and competing low-energy polymorphs 
requires great accuracy. The energy difference between crystalline benzene and its low-
energy polymorphs under pressure is less than few kJ/mol. Density functional theory (DFT) 
based methods are reliable to only ~10kJ/mol at best.
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We are using quantum Monte Carlo (QMC) based methods to determine the groundstate 
enthalpies and hence the phase diagram in the wide pressure range 0 < P < 200 GPa. To 
obtain an accurate estimate of the crystalline phase transitions within the low- pressure 
regime (0 < P < 50 GPa), we compare the ground-state enthalpies of different experimental 
crystal phases. To study the dynamical stability of each phase at higher pressures, we use 
phonon spectra based on DFT perturbation theory. We also study, systematically and 
accurately, the two main factors affecting the quality of the calculated phase diagram: finite-
size errors and the zero point energy (ZPE).

As prototype example of van der Waals system, we calculate the full dispersion curve of 
benzene dimer for a face-to-face parallel-displaced geometry, which has been proposed to 
be the most stable configuration. As it is illustrated in the following figure, by performing high-
accuracy QMC calculations and using highly correlated many-body wave function, we are 
able to provide reliable estimate of weak van dew Waals forces.

S28 665

The relative stability of fcc, bcc, hcp and dhcp  
gold under pressure from first principles

* Nikolai Smirnov1

1) RFNC-VNIITF, Snezhinsk 

The paper presents ab initio calculations by the FP-LMTO method [1] for the relative stability 
of fcc, bcc, hcp and dhcp structures of gold under pressure. They were done in generalized 
gradient approximation with the PBEsol exchange-correlation functional [2] with and without 
spin-orbit coupling effects. The PBEsol functional significantly improves the accuracy of the 
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calculated ground-state properties of gold. The phonon spectra of the considered gold 
structures and the contribution of lattice vibrations to the free energy of the system were 
determined within linear response theory. The calculations suggest that gold undergoes 
under pressure the following sequence of structural changes: fcc→dhcp→hcp. The paper 
provides a thorough analysis of calculated results and discusses the effect of spin-orbit 
interaction on them.
[1] S. Yu. Savrasov, Phys. Rev. B 54, 16470 (1996).
[2] J. P. Perdew et al. Phys. Rev. Lett. 100, 136406 (2008).

S28 666

Ab-initio study of anharmonic effects  
in high pressure atomic metallic hydrogen

* Miguel Borinaga1,2, Ion Errea2,3, Aitor Bergara1,2,4

1) Centro de Física de Materiales CFM(CSIC-UPV/EHU), Paseo Manuel de Lardizabal 5, 20018 
Donostia-San Sebastián, Spain 

2) Donostia International Physics Center (DIPC), Paseo Manuel de Lardizabal 4, 20018 Donostia-
San Sebastián, Spain 

3) Departamento de Física Aplicada I, Universidad del País Vasco (UPV/EHU), Alameda Urquijo 
s/n, 48013 Bilbao, Spain 

4) Departamento de Física de la Materia Condensada, Universidad del País Vasco (UPV/EHU), 
Apartado 644, 48080 Bilbao, Spain 

Even though it is the simplest element of the periodic table, hydrogen shows both a rich and 
complex behavior at high pressure. Metallic atomic hydrogen is expected at 450 GPa[1], 
which is predicted to show extraordinary properties such as high temperature superconductivity 
[2,3]. However, the theoretical study of such a light element turns out to be difficult due to the 
arising nuclear quantum effects.

Here we present our ab-initio calculations of tetragonal I41/amd hydrogen, which is 
predicted to be its first atomic and metallic phase[4,5]. Our DFT calculations at 500 GPa 
show a band structure close to the free-electron-like regime. DFPT phonon calculations 
show the system is dynamically stable while strong Kohn anomalies appear in some points 
of the first Brillouin zone. Furthermore, our SSCHA[6] calculations show a phonon spectrum 
quite modified due to anharmonicity. However, the superconducting critical temperature is 
practically unaffected by anharmonic effects, yielding a really high value of 250-270 K due 
to the strong electron-phonon coupling.
[1] Nature 416, 613 (2002)
[2] Phys. Rev. Lett. 21, 1748 (1968).
[3] Phys. Rev. Lett. 100, 257001 (2008).
[4] Phys. Rev. Lett. 106, 165302 (2011).
[5] Phys. Rev. Lett. 112, 165501 (2014).
[6] Phys. Rev. Lett. 111, 177002 (2013).
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Symp. 29: Electronic Structure Theory for Biophysics
Organized by Carsten Baldauf, Leonardo Guidoni  

and Gerrit Groenhof
Poster Area C, D

S29 667

Ground State and Optical Properties of Cation  
Silver-mediated DNA homopolymers:  
A Combined Theoretical and Experimental Study

* Leonardo Andres Espinosa Leal1, Steven M. Swasey2, Elisabeth G. Gwinn3,  
Olga Lopez-Acevedo1

1) COMP Centre of Excellence, Department of Applied Physics, Aalto University, P.O. Box 11100, 
00076 Aalto, Finland 

2) Department of Chemistry and Biochemistry, University of California, Santa Barbara, Santa 
Barbara, California 93106, United States 

3) Department of Physics, University of California, Santa Barbara, Santa Barbara, California 93106, 
United States 

Results of the study of stable silver-mediated DNA homopolymers with promising applications 
for DNA nanotechnology and biomedical science are presented[1]. Using electrospray 
ionization mass spectrometry in combination with density functional theory (DFT) we have 
found apart of the known cytosine-Ag+-cytosine (C-Ag+-C)[2] base pair, evidence for a novel 
stable guanine-Ag+-guanine (G-Ag+-G) in a non canonical Watson-Crick pairing[3]. Moreover, 
comparison of experiments with calculations of electronic circular dichroism (ECD) using 
time dependent density functional theory (TDDFT) are used to find the representative 
geometries for both stable homopolymers[3,4]. Through the analysis of the final structures 
we report the presence of argentophilic interaction between the metallic cations.
[1] Park K.S. et al. Curr. Opin. Biotechnol. 28C, 17–24 (2014).
[2] Ono A. et al. Chem. Commun. 4825–7 (2008).
[3] Swasey et al. to appear in Scientific Reports (2015).
[4] Espinosa-Leal et al. Nanotechnology Reviews, vol 4 173-91 (2015).
[5] Espinosa-Leal et al. In preparation.
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S29 668

Hyperfine, Electronic and Reactivity Properties  
of Metal Complexes with Potential Biological Activity

* Adamor Luz Eleiel Virgino1, Marcelo Cecconi Portes2, Rafael Rodrigues do 
Nascimento1, Filipe Camargo Dalmatti Alves Lima1, Leiz M. C. Veras3,  
Ana Carolina Mafud4, Jose Roberto de Souza de Almeida Leite3,  
Yvonne P. Mascarenhas4, Ana Maria da Costa Ferreira2, Helena Maria Petrilli1

1) Instituto de Fisica, Universidade de Sao Paulo 

2) Instituto de Quimica, Universidade de Sao Paulo 

3) Nucleo de Pesquisa em Biodiversidade e Biotecnologia, Universidade Federal do Piaui 

4) Instituto de Fisica de Sao Carlos, Universidade de Sao Paulo 

The Schistosomiasis is a disease caused by a parasitic worm of the genus Schistosoma and 
affects almost 210 million people in the world. The main available medicine is the praziquantel, 
but too many side effects are present in this case. One alternative is the use of 2(3H)-
Furanone,dihydro-3-(hydroxyphenylmethyl)-4-[(1-methyl-1H-imidazol-4-yl)methyl]-,[3S-
[3a(R*),4b]] (Epiisopiloturine), an alkaloid extracted from Pilocarpus microphyllus leaves, a 
typical Brazilian plant, which was recently described as a potential drug against 
Schistosomiasis. [1] Herein, we investigate the electronic and magnetic hyperfine properties 
of Epiisopiloturine copper(II) and zinc(II) complexes, (Epi-Cu) and (Epi-Zn) respectively, and 
compare its biological activity with that of the free ligand Epi. We use Density Functional 
Theory in the Kohn-Sham scheme, as implemented in the Gaussian09 and ORCA codes. 
Starting from the crystallographic data, an optimized geometry, the corresponding IR and 
NMR 13C and 1H chemical shifts were calculated for Epi-Zn, as well as the EPR parameters 
for the Epi-Cu. These results, combined with experimental results, can unravel information 
about electronic distribution and stability of these compounds. 

We acknowledge CAPES, INEO, LCCA, CENAPAD/SP, FAPESP and CNPq.

[1] L. M. C. Véras, et. al., PLoS One 8, e66702(1 (2013).
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S29 669

Global structure search from first principles:  
the example of thiourea catalysts

* Adriana Supady1, Teresa Ingram1, Matthias Scheffler1, Carsten Baldauf1

1) Fritz Haber Institute of the Max Planck Society 

Flexible organic molecules can adopt a variety of energetically favorable conformations that 
differ in chemical and physical properties. The activity of a catalyst depends on its effective 
concentration, which in turn depends on the population of the productive conformation in the 
conformational ensemble. The propensity of adopting a certain conformation strongly 
depends on the molecule’s chemical structure, its environment and possible interactions 
with other compounds. Here we study thiourea catalysts of Schreiner [1] and Takemoto type 
[2] and derived compounds following this scheme: (i) Genetic algorithm based search with 
Fafoom (https://github.com/adrianasupady/fafoom) to sample the PES at the van der Waals-
corrected PBE level. (ii) Refinement at the van der Waals-corrected PBE0 level. (iii) Implicit-
solvent corrections with the COSMO model for ethyl acetate, methanol, and toluene. (iv) 
Numerical frequency calculations to obtain finite temperature free energy corrections. 

The energy hierarchies of the compounds under different solvent conditions indicate how 
substituents and the solvent influence the stability of the productive conformation. These 
findings might open an additional way to rationally optimize catalysts.

[1] P. R. Schreiner and A. Wittkopp, Org. Lett., 4(2), 217-220 (2002).
[2] T. Okino et al., JACS, 125(42), 12672-12673 (2003).

S29 670

Computational investigation on the effect of halogen substitution 
on the electronic, optical, and transport properties of guanine

* Giancarlo Cappellini1, Roberto Cardia1, Giuliano Malloci1

1) Department of Physics, University of Cagliari, Italy 

We present a computational investigation on the effect of halogen substitution on the 
electronic, optical, and transport properties of the nucleobase guanine. We performed all-
electrons Density Functional Theory (DFT) and Time-Dependent (TD-DFT) calculations with 
a localized Gaussian basis-set and the hybrid exchange-correlation functional B3LYP[1],[2]. 
Results obtained with the above level of theory are in good agreement with the available 
experimental data for the unsubstituted molecule [3]. We report and discuss the effect of 
functional substitution on several physico-chemical properties such as: electron affinities, 
ionization energies, fundamental energy-gap, optical absorption, exciton binding energy and 
molecular reorganization energies for holes and electrons. 

[1] Cardia R, Malloci G, Mattoni A, Cappellini G (2014). JOURNAL OF PHYSICAL CHEMISTRY. A, 
vol. 118, 5170-5177

[2] Malloci G, Cappellini G, Mulas G, Mattoni A (2013).THIN SOLID FILMS, vol. 543, 32-34
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[3] Foster M.E., Wong B.M., (2012). JOURNAL OF CHEMICAL THEORY AND COMPUTATION, vol. 
8, 2682-2685

S29 671

Theoretical Study of AgAun (n=1-11) Nano  
Alloy Clusters Invoking DFT Methodology

* Prabhat Ranjan1, Ajay Kumar1, Tanmoy Chakraborty1

1) Manipal University Jaipur, DehmiKalan, Jaipur, India-303007 

Considering wide applications of bi-metallic nano alloy clusters in the field of engineering 
and science, theoretical study of these alloy is an active field of research. A deep theoretical 
insight is required to explain the properties of such compounds. Among such nano clusters, 
the compounds formed between Ag-Au have gained a considerable interest for their unique 
optical, electronic, magnetic and mechanical properties. In this report, structures and 
properties of a number of silver-gold bimetallic nano alloy clusters are systematically 
investigaed in terms of Density Functional Theory (DFT). We have analyzed AgAun (n=1-11) 
clusters invoking DFT based global descriptors viz. Global hardness, Global softness, 
Electronegativity, Electrophilicity Index and Dipole moment within theoretical frame of B3LYP 
exchange correlation. The calculated highest occupied molecular orbital (HOMO) and lowest 
unoccupied molecular orbital (LUMO) energy gaps distinctly exhibit odd-even oscillation 
behaviour, by showing even-numbered clusters do have larger HOMO-LUMO energy gaps 
than the odd-numbered ones. An attempt has been made to establish a correlation between 
several computed descriptors and their experimental counterparts. The similar agreement 
between experimental bond length and computed data is also reflected from this analysis. 
The high numerical value of correlation coefficient strengthens our attempt.

S29 672

Charge Transfer Rates at a Bio−Inorganic Interface

* Daniele Varsano1, Wenming Sun1, Andrea Ferretti1, Giorgia Brancolini1,  
Stefano Corni1, Rosa Di Felice1,2

1) Center S3, CNR Institute of Nanoscience, Via Campi 213/A, 41125 Modena, Italy 
2) Department of Physics and Astronomy, University of Southern California, Los Angeles, California 

90089, United States 

We have investigated the role of molecular bridges in determining the electronic structure 
and transfer rates at interfaces in which natural or expanded guanine is attached through a 
thiol bond to a Au(111) surface as a model for charge injection at the DNA@Au interface. 
Our study is based on van der Waals-corrected ab initio density functional theory calculations. 
We have considered two linkers with different length and chemistry. We find that the shorter 
linker allows for a larger electronic coupling between the metal and the guanine, with a 
modulation of 3 orders of magnitude. The aromatic size expansion of guanine further 
enhances the electronic coupling by a factor of 2. Our findings demonstrate that even in the 
case of potentially through-bond charge transfer, the donor−acceptor distance regulates the 
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electronic coupling. Furthermore, we establish a procedure for computing the donor−
acceptor coupling between delocalized metal states and localized molecular states. 

S29 673

The study of metal-base pairing in DNA by means  
of molecular dynamics simulations

* Alexander Karpenko1, Leonardo Espinosa Leal1, Olga Lopez-Acevedo1

1) COMP Centre of Excellence in Computational Nanoscience, Aalto University, Finland 

The DNA molecule is an attractive material in pharmaceutical technology and nanotechnology. 
In the recent years there have been extensive interest for fluorescent, ligand-stabilized Ag–
DNA systems [1-3]. The wide range of properties such as rich color palette, low toxicity, high 
fluorescence quantum yields of some clusters, low synthesis costs enabling many applications 
that employ Ag–DNA. 

We focus on the stability determining factors of DNA–metal complexes, which are 
examined by performing all-atom molecular dynamics simulations. We use a parametrized 
12-6 Lennard-Jones non-bonded model [4] in order to describe the interaction between 
metal ion and nucleic acid in water environment. 
[1] E. Gwinn, D. Schultz, Stacy M. Copp, and S. Swasey. Nanotechnology, 5, 180 (2015). 
[2] D. Schultz, S.M. Copp, N. Markesevic, K. Gardner, S.S.R. Oemrawsingh, D. Bouwmeester, E. 

Gwinn. ACS Nano, 7, 9798 (2013). 
[3] D. Schultz, K. Gardner, S.S.R. Oemrawsingh, N. Markesevic, K. Olsson, M. Debord, D.Bouw-

meester, E. Gwinn, Advanced Materials, 25, 2797 (2013). 
[4] P. Li, L. Song, K. Merz, J. Chem. Theory Comput. (2015). DOI: 10.1021/ct500918t 
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S29 674

Combining UV-Pump IR-Probe Spectroscopy and DFT 
Calculations

* A. Zacarias1,2, K. Heyne2, E.K.U. Gross1,2

1) Max Planck Institute of Microstructure Physics, ETSF 
2) Free University Berlin 

In biological photoreceptors, the reaction cascade can extend from femtoseconds to 
seconds. Hence, a detailed understanding of the initial processes is essential to reveal the 
connection of the interaction between light and the molecule with the biologically active 
state. We use UV-pump vibrational-probe spectroscopy combined with DFT calculations to 
determine the three-dimensional orientation of an electronic transition dipole moment (tdm) 
relative to the molecular structure. We have studied systems like chlorophyll [1], coumarine 
[2,3] and corroles. Within the molecular structure, the tdm represents a fixed vector that 
characterizes a specific electronic transition. Knowledge of the precise 3D orientation of the 
tdm within the molecular structure serves as input parameter for simulations of absorption 
spectra and energy transfer processes and in characterizing the orientation quality of 
macroscopically aligned samples. This presentation will focus on a detailed analysis of the 
electronic structure of corroles.
[1] M. Linke, A. Lauer, T.v. Haimberger, A. Zacarias, K. Heyne, J. Amer. Chem. Soc. 130,14904 (2008).
[2] M. Theisen, M. Linke, M. Kerbs, H. Fidder, M.E.A. Madjet, A. Zacarias, K. Heyne, J. Chem.Phys. 

131, 124511 (2009).
[3] M. Linke, M. Theisen, T. v. Hamberger, M.E.A. Madjet, A. Zacarias, H. Fidder, K. Heyne, Chem. 

Phys. Chem. 11, 1283 (2010).
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S29 675

Force-field and first-principles driven conformational  
sampling of microsolvated histidine-cation systems

* Markus Schneider1, Volker Blum1,2, Matthias Scheffler1, Carsten Baldauf1

1) Fritz-Haber-Institut der MPG, Berlin, Germany 
2) MEMS, Duke University, Durham, U.S.A. 

Conformational search techniques are used to explore potential-energy landscapes of 
peptides and peptide-cation systems. In order to combine the low computational costs of 
empirical force field (FF) driven methods with the accuracy of higher-level methods like 
density-functional theory (DFT), it is a common approach to first perform a FF driven global 
search and second a local refinement of obtained minima using DFT. [1,2] To understand the 
restrictions of the respective levels of theory, results for “conventional” force fields, e.g. 
OPLS and AMBER, the AMOEBA polarizable force field and different DFT functionals at the 
generalized gradient approximation or hybrid level are benchmarked against coupled-cluster 
calculations using a system of zinc- and water microsolvated acetyl-histidine in the gas-
phase.

For all studied force fields the average error in energy (compared to coupled-cluster 
calculations) for systems involving a zinc cation is very large, i.e. > 14 kcal/mol. For PBE0 
with a long-range dispersion treatment, i.e. the many-body dispersion scheme MBD@rsSCS 
[3], the error is found to be ~ 1 kcal/mol.
[1] Rossi et. al., JCP, 2014
[2] Bhattacharya et. al., NJP, 2014
[3] Ambrosetti et al., JCP, 2014

S29 676

Theoretical studies of kinase CDK1/cyclinB inhibition  
by oxindolimine ligand isapn and corresponding  
copper complex, [Cu(isapn)]² 

* Philippe Alexandre Divina Petersen1, Rafael Rodrigues do Nascimento1,  
Helena Maria Petrilli1, Rodrigo Bernadini Miguel2, Carla Columbano Oliveira2, 
Ana Maria Costa Ferreira2

1) Instituto de Física, Universidade de São Paulo, São Paulo, Brazil 
2) Instituto de Química, Universidade de São Paulo, São Paulo, Brazil 

Based on the oxindole SU9516, already tested as a kinase inhibitor [1], different imine 
derivatives of 2,3-dioxoindole were prepared and metallated with copper or zinc. These 
complexes showed remarkable antiproliferative activity towards diverse tumor cells, in 
previous studies [2]. Theoretical studies on the possible inhibition of cyclin-dependent kinase 
(CDK1) by isapn and corresponding metal complex [Cu(isapn)]2+ were carried out. The aim 
was to provide an understanding of the effectiveness and probable inhibition mechanism of 
CDK1/cyclinB by this oxindolimine ligand and corresponding copper complex. In addition, 
we would like to elucidate their mechanism of action as antitumor agents, identifying a 
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possible cellular target. Particularly, the electronic structure of isapn and [Cu(isapn)]2+ were 
investigated by DFT calculations, combined with molecular docking and molecular dynamics. 
These theoretical simulations show that the metal ion introduces charge in the indole species, 
giving a more rigid conformation for the coordinated ligand that seems to be more effective 
in its interactions with the ATP binding-active site of the protein.

We acknowledge support from CAPES, CNPq and FAPESP.
[1] Noble, M. E.; et al., Science 2004, 303, 1800. 
[2] Filomeni, G.; et al., J. Biol. Chem. 2007, 282, 12010.

S29 677

Correlation effects in the electronic structure  
of the photosystem II complex

* Edward Linscott1, Daniel Cole1, Nicholas Hine2, Mike Payne1

1) Cavendish Laboratory, University of Cambridge 
2) Department of Physics, University of Warwick 

The water oxidising centre (WOC) of photosystem II (PSII) is responsible for water splitting, 
a key step in oxygenic photosynthesis. At the centre of the WOC lies a CaMn4O5 cluster that 
catalyses the oxidation process. In 2011 the structure of PSII was resolved at the atomic 
scale via X-ray diffraction [1]. An improved radiation-damage-free structure has been 
published since [2]. Alongside these experimental data, computational studies have been 
invaluable in investigating reaction mechanisms and structures of key intermediates in the 
catalytic cycle [3,4]. However, these computational studies tend to only consider small 
systems (on the order of 100 atoms) incorporating the inorganic core and some of the 
neighbouring protein residues. I present the results of DFT+U calculations performed on a 
large cluster model of the WOC thousands of atoms in size using the ONETEP linear-scaling 
DFT code [5]. These calculations shed new light on the electronic structure of the WOC. 
Ultimately, an understanding of the structure and mechanism of the WOC would provide a 
blueprint for designing artificial catalysts for water oxidation.
[1] Umena et al., Nature, 473, 55–60 (2011).
[2] Suga et al., Nature, 517, 99–103 (2015).
[3] Grundmeier et al., Biochim. Biophys. Acta, 1817, 88-105 (2012).
[4] Siegbahn et al., Biochim. Biophys. Acta, 1827, 1003-1019 (2013).
[5] www.onetep.org/
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S29 678

Photophysics and photochemistry of DNA molecules:  
electronic excited states leading to thymine dimerization

* Jian-Hao Li1, Tim Zuehlsdorff1, Mike Payne1, Nicholas Hine1

1) TCM Group, Cavendish Laboratory, University of Cambridge, United Kingdom

We have previously demonstrated that by using quantified natural transition orbitals (QNTO) 
analysis, the electronic excitations of a molecule can be identified on the basis of their 
transition origins, and their potential energy surfaces can be traced across a wide range of 
molecular geometries [1]. This can be used to explain how reactions initiated by 
photoexcitation, such as the ring-opening in oxirane [1], can proceed along specific reaction 
coordinates. The transition origins of an excitation are explored by QNTO analysis of the 
results of linear response time-dependent DFT (TDDFT) calculations based on linear-scaling 
DFT calculations. In the present work, we further use this approach to study dimerization 
reactions in thymine within DNA molecules, a main cause of UV-light induced damage to 
DNA [2]. The participating electronic excited states can be identified relatively straightforwardly 
using this approach. We also examine the contribution of environmental factors such as 
inclusion of the DNA backbone which can affect the conformation of potential energy surfaces 
of the relevant states. 
[1] J.-H. Li, T. J. Zuehlsdorff, M. C. Payne, and N. D. M. Hine, Phys. Chem. Chem. Phys. 17, 12065-

12079 (2015).
[2] Wolfgang J. Schreier, et al., Science 315, 625-629 (2007).



Ψk-2015

 Abstracts of  Poster Session 2 •  Tuesday, September 8,  2015 797

OTHERS
Poster Area K, L

OTH 679

Bulk properties of 71 elemental solids:  
benchmarking the exciting code

* Sven Lubeck1, Andris Gulans1, Claudia Draxl1

1) Humboldt-Universität zu Berlin 

Since density-functional theory (DFT) is a common method for calculating various properties 
of molecules and solids, it is particular important to survey different sources of errors. While 
a large contribution to possible errors stems from approximations to the exchange-correlation 
functional, there are often additional, not well controlled, numerical errors introduced by the 
implementation into an electronic-structure code. In this work, we present benchmark 
calculations of the equation of state for 71 elemental solids. The data are obtained using the 
full-potential linearized augmented planewave (LAPW) code exciting [1]. Highest accuracy 
is achieved by constructing a converged LAPW+lo basis set, which yields consistent bulk 
properties of the considered solids, independent of the atomic-sphere size. Following the 
procedure introduced in Ref. [2], we compare our results to many other electronic structure 
codes, finding a remarkable agreement with other all-electron implementations.

[1] A. Gulans, S. Kontur, C. Meisenbichler, D. Nabok, P. Pavone, S. Rigamonti, S. Sagmeister, U. 
Werner, and C. Draxl, J. Phys.: Condens. Matter 26, 363202 (2014).

[2] K. Lejaeghere, V. Van Speybroeck, G. Van Oost and S. Cottenier, Critical Reviews in Solid State 
and Materials Sciences 39, 1-24 (2014).

OTH 680

Out- versus in-plane magnetic anisotropy  
of Fe and Co nanocrystals

* Dongzhe Li1, Alexander Smogunov1, Martin R. Castell2, Fabien Silly1,  
Cyrille Barreteau1,2

1) Service de Physique de l’Etat Condensé, CEA Saclay, F-91191 Gif-sur-Yvette Cedex, France 
2) Department of Materials, University of Oxford, Parks Road, Oxford OX1 3PH, United Kingdom 
3) DTU NANOTECH, Technical University of Denmark, Ørsteds Plads 344, 2800 Kgs. Lyngby, 

Denmark 

Using both first-principles and tight-binding calculations, we report the magneto-crystalline 
anisotropy (MCA) of Fe and Co nanocrystals that can be grown epitaxially on SrTiO3 [1]. In 
order to define a proper local decomposition of MCA, we recently implemented the “Force 
Theorem” [2] in Quantum Espresso and in our tight-binding code. Interestingly, the total 
MCA of free nanocrystals is largely dominated by (001) facets resulting in out-of-plane and 
in-plane MCA for Fe and Co [3], see Figure 1. We also find a strong enhancement of MCA 
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for small clusters on SrTiO3. It has been identified with a strong hybridization of the cluster d 
orbitals, oriented either in-plane (Fe) or out-of-plane (Co), with the substrate. Consequently, 
we predict that the Fe nanocrystals should be magnetically stable and are thus good potential 
candidates for magnetic storage devices. Finally, our rather general orbital-resolved analysis 
applies also to predict the MCA behavior at organic-ferromagnetic interfaces [4].
[1] F. Silly et al, APL 87, 063106 (2005).
[2] D. Li et al, PRB 88, 214413 (2013).
[3] D. Li et al, PRB 90, 205409 (2014).
[4] K. Bairagi et al, Submitted to PRL (2015).
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OTH 681

The Electronic Structure Library: a community-driven common 
library project for software development in electronic structure

* Fabiano Corsetti1, Micael Oliveira2, Luis Agapito3, Nick Papior Andersen4,  
Emilio Artacho1, Volker Blum3, Christian Carbogno5, Abel Carreras6, Michele Ceriotti7, 
Alexandr Fonari8, Thomas Frederiksen9, Alberto Garcia10, Luigi Genovese11,  
Georg Huhs12, Jan Kloppenburg3, Ask Hjorth Larsen13, Paulo V. C. Medeiros14, 
Stephan Mohr15, Arash A. Mostofi16, Yann Pouillon17, José M. Soler18, James 
Spencer16, Dominic Tildesley19, Marc Torrent20, Matthieu Verstraete2

1) CIC nanoGUNE, 20018 Donostia-San Sebastián, Spain 
2) Université de Liège, 4000 Liège, Belgium 
3) Duke University, Durham, NC 27708, United States 
4) Danmarks Tekniske Universitet, 2800 Kongens Lyngby, Denmark 
5) Fritz-Haber-Institut der Max-Planck-Gesellschaft, 14195 Berlin, Germany 
6) Kyoto University, Kyoto 606-8501, Japan 
7) École Polytechnique Fédérale de Lausanne, 1015 Lausanne, Switzerland 
8) Georgia Institute of Technology, Atlanta, GA 30332, United States 
9) Donostia International Physics Center, 20018 Donostia-San Sebastián, Spain 
10) Institut de Ciencia de Materials de Barcelona, 08193 Bellaterra, Spain 
11) CEA/Grenoble, 38054 Grenoble, France 
12) Barcelona Supercomputing Center-Centro Nacional de Supercomputación, 08034 Barcelona, 

Spain 
13) Universidad del País Vasco/Euskal Herriko Unibertsitatea, 20018 Donostia-San Sebastián, Spain 
14) Linköpings Universitet, SE-581 83 Linköpings, Sweden 
15) Basel Universität, 4003 Basel, Switzerland 
16) Imperial College London, London SW7 2AZ, United Kingdom 
17) European Theoretical Spectroscopy Facility, 20018 Donostia-San Sebastián, Spain 
18) Universidad Autónoma de Madrid, 28049 Madrid, Spain 
19) Centre Européen de Calcul Atomique et Moléculaire, 1015 Lausanne, Switzerland 
20) CEA/DAM-Île de France, 91297 Arpajon, France 

Electronic structure software and methods development still work predominantly within the 
historical paradigm of separate, complete and self-contained packages, typically depending 
only on a few compilers and basic libraries. This approach has undoubtedly been successful 
in producing the rich variety of electronic structure codes available today. However, it has led 
to a lot of replicated development, and makes it hard to introduce common data standards. 
It has also made it increasingly difficult for researchers to contribute new ideas without 
becoming deeply involved with the development of one of the pre-existing packages. The 
Electronic Structure Library (ESL) is a community initiative that aims to tackle these problems, 
in order to benefit existing electronic structure codes and new developments alike. The 
objective is to create an open online repository of routines and modules in library form, 
providing many of the typical functionalities needed for electronic structure simulations. 
These can range from pseudopotential processing to geometry optimization algorithms to 
density matrix solvers, and more. At the same time, the libraries will help to establish common 
data structures and APIs. The ambition of the ESL is therefore to segregate layers of 
functionality within modules which are general, standardized and efficient, and in so doing to 
lay the foundations for the accelerated development of new ideas and new science.

http://www.onetep.org/
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OTH 682

Lindhard response of low dimensional materials

* Ionel Bogdan Guster1, Desanka Boskovic1, Enric Canadell2, Miguel Pruneda1,  
Pablo Ordejon1

1) ICN2 - Institut Catal`a de Nanoci`encia i Nanotecnologia and CSIC - Consejo Superior de 
Investigaciones Cientificas, ICN2 Building, Campus UAB, E-08193 Bellaterra (Barcelona), Spain 

2) Institut de Ciència de Materials de Barcelona (ICMAB-CSIC), Campus de la UAB, 08193, 
Bellaterra (Barcelona), Spain 

Materials with low dimensionality present many physically interesting properties. The 
anisotropy of their structures reflects in their electronic structure; for instance, by studying 
the nesting vectors which couple the different regions of the Fermi surface, one can often 
reveal different mechanisms that drive electronic instabilities leading to changes in the 
electronic properties of the materials. DFT calculation can provide plenty of information 
about these processes, and just a look at the Fermi surface can provide very valuable insight. 
Nevertheless, the Lindhard response function provides a more quantitative description.

Here, we use the electronic eigenvalues provided by SIESTA for a Monkhorst-Pack 
k-point grid to calculate the Lindhard function for two well known molecular conducting salts: 
(TMTSF)2PF6 and β-ET2I3, and also for several inorganic compounds: K0.3MoO3, TaS3, 
and Ta2NiSe7. This procedure allows us to provide precise values of the nesting vectors of 
the studied materials and make a comparison with the available experimental data about the 
predicted structural and electronic instabilities.

Keywords: Low dimensional materials, Fermi surface, Lindhard function, nesting vector.

OTH 683

Linear Response with DFPT in SIESTA

* Lorenzo Riches1, Javier Junquera2, Alberto García3, Pablo Ordejón1,  
Miguel Pruneda1

1) ICN2, Institut Catala de Nanociencia i Nanotecnologia, Campus UAB, 08193 Bellaterra 
(Barcelona), Spain 

2) CITIMAC, Facultad de Ciencias, Universidad de Cantabria, 39005 Santander, Spain 
3) (ICMAB-CSIC), Institut de Ciència de Materials de Barcelona, Campus de la UAB, 08193 

Bellaterra, Spain 

We implement density functional perturbation theory (DFPT) within the SIESTA framework. 
The first order change of the overlap matrix and the Hamiltonian are obtained in the basis of 
localized orbitals using two centre integrals and the real space grid methods in similar way 
as done in SIESTA. These terms are used to compute the first order change in the eigenstates 
coefficients with the Sternheimer equation approach. The change in the eigenenergies is 
obtained with standard perturbation theory and for degenerate levels a diagonalization of the 
perturbed Hamiltonian in the degenerate subspace is performed. All these terms are then 
used to compute the perturbed density matrix in the basis of localized orbitals, which is 
solved self-consistently. The method allows q sampling for phonons. Finally the dynamical 
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matrix (the derivative of the forces as a function of the perturbation) is computed, included 
all the Pulay-like corrections required by the localized basis set.

OTH 684

Disintegration and redispersion of noble metal nanoparticles: 
an ab initio thermodynamics study

* Bryan Goldsmith1, Evan Sanderson1, Runhai Ouyang2, Wei-Xue Li2

1) Department of Chemical Engineering, University of California, Santa Barbara, California 93106-
5080, United States 

2) State Key Laboratory of Catalysis, Dalian Institute of Chemical Physics, Chinese Academy of 
Sciences, Dalian 116023, China 

Disintegration of supported nanoparticles (NPs) in the presence of reactants can lead to 
catalyst deactivation or be exploited to redisperse sintered catalysts. To better understand 
the stability of TiO2(110) supported three-way catalysts Rh, Pd, and Pt NPs during NOx and 
CO reduction, we present an ab initio thermodynamics study of the feasibility for these NPs 
to disintegrate into adatom-reactant complexes across a large parameter space of 
temperatures, pressures, and sizes. The tendencies for disintegration and redispersion 
between supported Rh, Pd, and Pt NPs are established. Compared to both Pd and Pt, Rh 
NPs are found to be more susceptible to either NO or CO-induced disintegration, due to the 
large and exothermic formation energy of the Rh adatom complexes. Moreover, NO is a 
more efficient reactant for particle redispersion than CO. These findings provide valuable 
insights for how to either prevent reactant-induced NP disintegration or facilitate reactant-
induced redispersion of sintered catalysts.
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OTH 685

Intermolecular interactions in L-Cystine crystal

* A.G.  Flores-Huerta1, Alexandre Tkatchenko2, Marcelo Galván1

1) Universidad Autónoma Metropolitana Unidad Iztapalapa, México D.F., México
2) Fritz Haber Institut der Max Planck Gesellschaft, Faradayweg 4-6, D-14195 Berlin, Germany 

The molecular crystal of L-Cystine is stabilized by hydrogen bonds and weak interactions 
between two disulfide bridges. In this study, an analysis of the cooperative effects in the 
stabilization interactions of the crystal is done. The cooperative effects were analized by a 
decomposition of the interaction energy in contributions of two, three and four-body terms. 
Also, the weak interactions are characterized by the reduced density gradient and the 
Hirshfeld surfaces.

OTH 686

New insights into the structures of poly(p-phenylene 
terephthalamide): a first-principles study

* Pegah Zolfaghari1, Ole Brauckmann1, Arno P.M. Kentgens1, Gilles A. de Wijs1

1) Radboud University Nijmegen/Institute for Molecules and Materials 

The aromatic polyamids are a major class of polymers in recet years. This class of polyamids 
are of practical interest due to their high tensile strength, high elastic modulus, low elongation 
at breakage, and higher thermomechanical stability among other kinds of polyamids. One of 
the interesting member of this class of fibres called poly,p-phenylene terepthalamide (hereafter 
PPTA). PPTA is a polymer which crystalizes in the form of 2D hydrogen-bonded sheets. It has 
enormous commerical applications, as already mentioned, and is sold under the commercial 
names of Kevlar and Twaron. The packing of the hydrogen-bonded sheets and phenyl group 
give rise to three different PPTA structures, including Northolt, Liu and Pb. The calculations 
reveal that different PPTA structures which all exhibit herringbone packing of the phenyl groups 
between neighboring sheets, have similar stabilities. Also, The use of solid-state NMR 
experiments combined with Density Functional Theory (DFT) based calculations allow 
unambiguous assignment of all proton and carbon resonances of PPTA structures.
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OTH 687

Water interaction with graphene nanoflakes:  
relevance of van-der-Waals

* Ana Maria Valencia1, Marilia Junqueira Caldas1

1) Instituto de Fisica, Universidade de São Paulo 

Amazonian Black Earth is an interesting case where you can find highly fertile patches 
immersed in large unfertile areas [1]. This is mainly due to remains of black charcoal, and it 
can be connected to the interaction of water with disordered, packed graphene nanoflakes. 
We focus on the investigation of single hydrogen, single hydroxyl, and water, with both 
single and bilayered flakes. We employ the AIMS code [2], in the PBE approximation for the 
exchange-correlation functional [3], and van-der-Waals interactions through the Tkatchenko-
Scheffler approach [4]. Our models are based on the arm-chair terminated C114-H30 
hexagonal flake, pristine or defective.

As already known we find a significant barrier for the reactive absorption of water in 
pristine flakes: once reacted, however, we find that the decorations are stable. Moreover, we 
find that water has also stable adsorption sites at ~3,3A from the flake surface, or border, 
and this applies also to bilayered flakes. An important result is that the stability is in all cases 
(including absorbed molecules) due to van der Waals interactions, which we will discuss.
[1] Glaser, Phil. Trans. Royal Soc. B 362, 187 (2007); 
[2] Blum et al, Comput. Phys. Commun. 180, 2175 (2009); 
[3] Perdew, Ernzerhof, Burke, J. Chem. Phys. 105, 9982 (1996); 
[4] Tkatchenko, Scheffler, Phys. Rev. Lett. 102, 073005 (2009)

OTH 688

Imaging Molecules in Atomic Force Microscopy with Carbon 
Monoxide Terminated Tips

* Nikolaj Moll1, Leo Gross1, Bruno Schuler1, Alessandro Curioni1, Gerhard Meyer1

1) IBM Research - Zurich, Säumerstrasse 4, CH-8803 Rüschlikon, Switzerland 

Using functionalized tips, the atomic resolution of a single organic molecule can be achieved 
by atomic force microscopy (AFM) operating in the regime of short-ranged repulsive Pauli 
forces while the van-der-Waals and electrostatic interactions only add a diffuse attractive 
background [1]. The underlying mechanisms of image distortions in AFM with CO-terminated 
tips are identified and studied in detail [2]. Parts of a molecule appear different in size, which 
primarily originates from the charge density. Further, tilting of the CO at the tip, induced by van 
der Waals forces, enlarges the apparent size of parts of the molecule by up to 50 %. Moreover, 
the CO tilting in response to local Pauli repulsion causes a significant sharpening of the 
molecule bonds in AFM imaging. With these image distortions it is possible to distinguish 
different bond orders of individual carbon-carbon bonds in organic molecules by AFM [3].
[1] L. Gross, F. Mohn, N. Moll, P. Liljeroth, and G. Meyer, Science 325, 1110 (2009).
[2] N. Moll, B. Schuler, S. Kawai, F. Xu, L. Peng, A. Orita, J. Otera, A. Curioni, M. Neu, J. Repp, G. 

Meyer, and L. Gross, Nano Lett. 14, 6127 (2014).
[3] L. Gross, F. Mohn, N. Moll, B. Schuler, A. Criado, E. Guitian, D. Pena, A. Gourdon, and G. Meyer, 

Science 337, 1326 (2012).
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OTH 689

Testing and using the Lewin-Lieb bounds  
in density functional theory

* David Feinblum1, John Kenison1, Kieron Burke1

1) University of California, Irvine 

Lewin and Lieb have recently proven several new bounds on the exchange-correlation 
energy that complement the Lieb-Oxford bound. We test these bounds for atoms, for slowly-
varying gases, and for Hooke’s atom, finding them usually less strict than the Lieb-Oxford 
bound. However, we also show that, if a generalized gradient approximation is to guarantee 
satisfaction of the new bounds for all densities, new restrictions on the exchange-correlation 
enhancement factor are implied.

OTH 690 

Speeding up Ab-initio structural relaxation by force-fitting

* Gil Vander Marcken1, Gian-Marco Rignanese1, Geoffroy Hautier1

1) Université Catholique de Louvain 

Atomic structural relaxtion relies on the computation of the Born-Oppenheimer energy 
landscape and forces. Thoses quantittes can be computed approximately but fast with a 
force-field model or more accurately but slowly with density functionnal theory. We are using 
the model of Chen, Li, Li and Wang (Phys. Rev. B 89, 144110) consisting of a Lennard-
Jones potential whose parameters are fitted on the fly to the ab-initio quantites. We study 
and present strategies using this model and DFT computations in order to increase the 
computation speed of structural relaxations.

OTH 691

Adhesion and material transfer between contacting  
Al and TiN surfaces from first principles

* Gregor Feldbauer1,2,3, Michael Wolloch1,2, Peter Mohn1, Josef Redinger1, Andras Vernes1,2

1) Institute of Applied Physics, Vienna University of Technology 
2) Austrian Excellence Center for Tribology, AC2T research GmbH 
3) Institute of Advanced Ceramics, Hamburg University of Technology (TUHH)

Contacts of surfaces at the atomic length scale are of fundamental interest for a better 
understanding of nanotribological processes, which are crucial in modern applications from 
nanoindentation or AFM/FFM to nanotechnologies applied in NEMS/MEMS.

A series of density functional theory (DFT) simulations was performed to investigate the 
approaching, contact and subsequent separation of two atomically flat surfaces consisting 
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of various materials. Here, aluminum (Al) and titanium-nitride (TiN) slabs were chosen as a 
model system representing the interaction between soft and hard materials. The approaching 
and separation were simulated by moving one slab in discrete steps and allowing for 
electronic and ionic relaxations after each step. Various configurations of the interface were 
analyzed by considering (001), (011) and (111) surface orientations as well as several 
alignments of surfaces. The performed simulations revealed the influences of these aspects 
on the adhesion, equilibrium distance, charge distribution and material transfer. Furthermore, 
the effects of different approximations for the exchange correlation functional, also including 
van der Waals corrections, of mechanical strain on the system, and of additional species at 
the interface were assessed. Material transfer in particular was observed for configurations 
where the interface is stronger than the softer material in the system, in the sense that the 
adhesion energy was found larger than the energy cost to remove surface atoms.

OTH 692

Transition mechanism from icosahedral  
to decahedral phase of nanoclusters

* Alexey Tal1,2, Peter Münger1, Igor Abrikosov1,2

1) Theory and Modeling, IFM-Material Physics, Linköping University, SE-581 83, Linköping, Sweden 
2) Materials Modeling and Development Laboratory, National University of Science and Technology 

‘MISIS’, 119049, Moscow, Russia 

The study of nanoclusters growth has recently been in focus of many intense research 
activities, because of their unique properties and also the fundamentally new physical effects 
that occur in finite-sized systems. Nanoclusters have found broad applications in catalysis 
biomedicine or photovoltaic. All the applications require a precise control of the NC growth 
process and understanding of their properties. One of the most significant properties of the 
nanoclusters is their morphology.

The morphology transition from the thermodynamically favorable to the unfavorable 
phase during growth of free-standing copper nanoclusters is studied by molecular dynamics 
simulations. We give a detailed description of the kinetics and thermodynamics of the 
process. A mechanism of a solid-solid transition, from icosahedral to decahedral morphology 
in nanoclusters, is proposed on Fig. 1. We show that a formation of distorted NC during 
the growth process with islands of incoming atoms localized in certain parts of the grown 
particle may shift the energy balance between Ih and Dh phases in favour of the latter 
leading to the morphology transition deep within the thermodynamic stability field of the 
former. The role of diffusion in the morphology transition is revealed. In particular, it is 
shown that fast diffusion should suppress the morphology transition and favour 
homogeneous growth of the nanoclusters.
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OTH 693

AMULET - Advanced Materials simULation Ekaterinburg’s Toolbox

* Alexander Poteryaev1

1) Institute of Metal Physics, 620137, Ekaterinburg, Russia 

AMULET is a suite of computer codes for first principles electronic structure calculations of 
strongly correlated materials. It is based on density functional theory combined with 
dynamical mean-field theory. The main code can perform DFT+DMFT calculations with use 
of different solvers for effective quantum impurity model. Different magnetic, electronic and 
structural properties can be evaluated in paramagnetic and magnetically ordered phases. It 
allows also to find the properties of disordered systems within CPA+DMFT formalism. Post-
processing tools include a calculation of ARPES spectra, magnetic susceptibility and 
exchange parameters. At present, the code integrated with Quantum Espresso, ELK-code, 
TB-LMTO and Wien2K via Wannier90. The code is freely available under the GNU General 
Public License.

OTH 694

Adiabatic and nonadiabatic molecular  
dynamics with conditional wave functions

* Guillermo Albareda1,2, Ali Abedi3, Josep Maria Bofill1,7, Ivano Tavernelli4, Angel 
Rubio3,5,6

1) Institut de Química Teòrica i Computacional, Universitat de Barcelona, Barcelona 08028, Spain 
2) Departament de Química Física, Universitat de Barcelona, Barcelona 08028, Spain 
3) Nano-Bio Spectroscopy Group, Departamento Fisica de Materiales, Universidad del País Vasco, 

CFM CSIC-UPV/EHU-MPC & DIPC, San Sebastián 20018, Spain 
4) IBM Research Zurich, Säumerstrasse 4, 8803 Rüschlikon, Switzerland 
5) Max Planck Institute for the Structure and Dynamics of Matter, Hamburg 22761, Germany 
6) Center for Free-Electron Laser Science & Department of Physics, University of Hamburg, 

Hamburg 22761, Germany 
7) Departament de Química Orgànica, Universitat de Barcelona, Barcelona 08028, Spain 

I will present an exact trajectory-based scheme to decompose the coupled electron-nuclear 
motion in terms of conditional wave functions[1]. By projecting the time-dependent Schrödinger 
equation on the configuration of an ensemble of generally defined trajectories, nonunitary 
equations of motion for the nuclei (or electrons), that depend parametrically on the electronic 
(or nuclear) degrees of freedom are obtained. These equations do not rely on tracing-out 
degrees of freedom and no prior knowledge of Born-Oppenheimer potential-energy surfaces 
nor of nonadiabatic couplings is required. By choosing the trajectories to be Bohmian 
particles, the formulation acquires an additional interpretative value and the resulting 
propagation scheme does not require the computation of the unstable quantum potential[2]. 
The above formalism can be made specific for adiabatic dynamics: the evolution of the 
N-body nuclear wave function moving on a 3N-dimensional Born–Oppenheimer potential-
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energy hyper-surface is then rewritten in terms of single-nuclei wave functions evolving 
nonunitarily on a 3-dimensional potential-energy surface[3]. 

[1] Phys. Rev. Lett., 2014, 113, 083003. 
[2] Phys. Chem. Chem. Phys. 2011, 13, 3231.
[3] J. Phys. Chem. Lett., 2015, 6, 1529.

OTH 695

The KKR method with projection potentials:  
exact result for the density

* Rudolf Zeller1

1) Institute for Advanced Simulation, Forschungszentrum Juelich GmbH 

A well known problem in the Korringa-Kohn-Rostoker (KKR) multiple-scattering method 
concerns the error in density normalization arising from finite angular momentum expansions 
used in numerical treatments. It is shown that this problem can be solved if the potential 
around each atom is understood as a non-local projection potential in angular momentum 
space and that the density can be calculated exactly without infinite angular momentum 
sums if the projection acts on a finite subspace of spherical harmonics. This restriction 
implicates no loss of generality because an arbitrary potential can be approximated by 
increasing the subspace as closely as desired. The importance of this result for density-
functional calculations for thousands of atoms with the Juelich code KKRnano will be 
discussed.

OTH 696

Lysine Demethylation reaction catalyzed  
by Jmj-C domain containing demethylases

* Nerea Alberro1, Miquel Torrent-Sucarrat1,2,3, Iosune Arrastia1,2,3, Ana Arrieta1,2,3, 
Fernando Pedro Cossío1,2,3

1) Kimika Organikoa I Saila, Kimika Fakultatea / Dpto de Química Orgánica I, Facultad de Química, 
Euskal Herriko Unibertsitatea / Universidad del País Vasco, 20018 Donostia / San Sebastián, 
Spain. 

2) IKERBASQUE, Basque Foundation for Science, 48011 Bilbao, Spain. 
3) Donostia Internacional Physics Center, Pº Manuel Lardizabal 4 Etorbidea, 20018 Donostia / San 

Sebastián, Spain. 

The methylation degree in lysine residues of histones is a dynamic post-translational 
modification that is regulated through the activities of lysine methyltransferases and lysine 
demethylases. These enzymes play an essential role in epigenetics. This kind of DNA 
covalent changes are linked to cancer[1] and neurodegenerative diseases,[2] such us 
Alzheimer and Parkinson. Then, many interests have been focused on epigenetic enzymes 
as new therapeutic targets. The Jumonji C (Jmj-C) domain-containing demethylases are 
non-heme Fe(II)-dependent and they use 2-oxoglutarate and oxygen as cosubstrates.[1] 
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Although a plausible mechanism of the reaction has been proposed (see Scheme 1),[2] the 
details of the reaction have not been determined and very little is known about the origins of 
the selectivity of the demethylases. In this work, we present our DFT results where we have 
observed different mechanisms for the lysine demethylation according to the methylation 
degree of the lysine.[3] Our results are compatible with experimental works and also with the 
selectivity of the methylation degree presented in these non-heme Fe enzymes. Moreover, 
we conclude that the pre-active site selectivity of the demethylases shows a critical role in 
the understanding of their reactivity.

OTH 697

Perpendicular magnetic anisotropy induced  
by Ga-ordering in galfenol thin films

* Christian Helman1,2, Maria Andrea Barral1,3, Solange Di Napoli1,3, Ana Maria Llois1,3, 
Julian Milano4

1) Departamento de Fisica de la Materia Condensada, GIyA-CAC-CNEA, Avenida General Paz 
1499, (1650) San Martin, Pcia. de Buenos Aires, Argentina 

2) Escuela de Ciencia y Tecnologia - Campus Miguelete (1650) - Universidad Nacional de San 
Martiin - Argentina 

3) Consejo Nacional de Investigaciones Cientificas y Tecnicas, CONICET, Argentina. 
4) Centro Atomico Bariloche and Instituto Balseiro, Comision Nacional de Energia Atomica, 8400 

Bariloche, Argentina 

Thin magnetic films with controllable perpendicular magnetic anisotropy (PMA) have 
important technological applications in data storage (MRAMs) and magneto-optical recording 
devices. In particular, galfenol (Fe1-xGax) is well known for its large tetragonal magnetostrictive 
coefficient and for its spintronic properties when grown on GaAs. Previous works have 
shown that when doping Fe with Ga, the dopant forms randomly oriented dimers. However, 
in the case of Fe thin films, the growth process induces an anisotropic distribution of the Ga 
dimers, giving rise to a preferential orientation within the Fe crystal. This was recently 
observed in experiments done on Fe1-xGax thin films grown on GaAs. A linear dependence 
of the PMA intensity with Ga concentration, x, was also reported for x<0.2.

In this presentation, we characterize the effects of gallium-doping on the Fe thin films by 
means of DFT calculations which include the spin-orbit contribution. We focus, in particular, 
on the connection between the Ga-dimers preferential orientation and the magnetic 
anisotropy. Among others, our results show that the magnetic easy axis depends on, both, 
Ga concentration and dimers\’ orientation.
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OTH 698

Why are snowflakes hexagonal?

* Edgar Engel1, Bartomeu Monserrat1, Richard Needs1

5) 1) TCM Group, Cavendish Laboratory, University of Cambridge 

At ambient pressure, two forms of water ice play key roles in determining Earth\’s climate: 
stable hexagonal ice (Ih), which is responsible for the shape of snowflakes and covers about 
10% of the Earth\’s surface, and meta-stable cubic ice (Ic) which only differs in the stacking 
of atomic layers and is thought to play a crucial role in nucleation of ice crystals [1].

We have used extensive DFT-PBE calculations to show that, although the static lattice 
and harmonic vibrational energies are almost identical, the anharmonic vibrational energy of 
Ih is significantly lower than that of Ic [2]. This stabilises Ih with respect to Ic – an experimental 
fact that long escaped theoretical understanding.

Recent experiments identifying partial proton-order in Ic [3] and increasing shifts in 
vibrational frequencies with increasing fraction of cubic stackings in stacking-disordered ice 
[4] lend strong support to our calculations.

[1] Rev. Mod. Phys., 84, 885 (2012)
[2] Engel et al., PRX, (2015)
[3] J. Phys. Chem. C: Nanom. Interf. 118, 10989 (2014)
[4] J. Phys. Chem. Lett., 5, 2459 (2014)

OTH 699

Magnetism of Co nanochains on the Cu(001) surface

* Ricardo Noboru Igarashi1,4, Ivan de Paula Miranda1, Angela Burlamaqui Klautau2, 
Mario Norberto Baibich3, Gerardo Martinez3, Helena Maria Petrilli1

6) Departamento de Fisica dos Materiais e Mecanica, Instituto de Fisica, Universidade de Sao 
Paulo, 05508-090, Sao Paulo, SP, Brazil 

7) Faculdade de Fisica, Universidade Federal do Para, 66075-110, Belem, PA, Brazil 
8) Instituto de Fisica, Universidade Federal do Rio Grande do Sul, 91501-970, Porto Alegre, RS, 

Brazil 
9) Escola de Engenharia e Tecnologia, Universidade Anhembi Morumbi, 04546-001, Sao Paulo, 

SP, Brazil 

Intense effort has been dedicated to the search of new magnetic nanomaterials, especially 
due to their interesting properties at the nanoscopic scale. In particular, giant magnetoresistance 
(GMR) [1] was observed in ferromagnetic granules deposited on nonmagnetic metal films, 
such as Co onto Cu surfaces [2-4]. In this study, Co nanochains deposited on the Cu(001) 
surface are investigated using the Real Space Linear Muffin-Tin Orbital in the Atomic Sphere 
Approximation (RS-LMTO-ASA) method [5,6] within the Density Functional Theory (DFT) 
framework. We considered several nanowire configurations, with different distances between 
chains and different of Co constituent atoms. The magnetic properties, such as the magneto-
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crystalline anisotropy energy (MAE), exchange couplings and the magnetic moments (spin 
and orbital), of the studied structures are discussed.
[1] M. N. Baibich et al., Phys. Rev. Lett. 61, 2472 (1988).
[2] P. M. Levy, Science 256, 972 (1992).
[3] M. N. Baibich et al., J. Magn. Magn. Mater. 320, e29 (2008).
[4] M. G. M. Miranda et al., Phys. Rev. B 68, 014434 (2003).
[5] P. Peduto et al., Phys. Rev. B 44, 13283 (1991).
[6] S. Frota-Pessoa, Phys. Rev. B 46, 14570 (1992).

OTH 700

Formation and interaction of point defects  
in group IVb transition metal carbides and nitrides

* Vsevolod I. Razumovskiy1, Maxim N. Popov1, Hong Ding2,3, Joakim Odqvist4

1) Materials Center Leoben Forschung GmbH, Roseggerstraße 12, A-8700 Leoben, Austria 
2) University of California at Berkeley Department of Materials Science and Engineering Berkeley, 

CA 94720, USA 
3) Lawrence Berkeley National Laboratory 1 Cyclotron Road, MS 70R0108B Berkeley, CA 94720, 

USA 
4) Department of Materials Science and Engineering, KTH Royal Institute of Technology, SE-100 

44 Stockholm, Sweden 

Group IVb carbides and nitrides are technologically important materials due to their 
extraordinary physical properties: extreme hardness, high wear resistance and high melting 
points. A common feature of group IVb carbides and nitrides is a sizeable off-stoichiometry-
they can accommodate up to 50% of vacancies on the non-metal sublattice. Such a severe 
off-stoichiometry strongly affects the properties of these materials and in addition makes 
their investigation a complicated task.

In this work we investigate point defects in group IVb transition metal carbides and nitrides 
using density functional theory calculations. We focus on a description of a complex vacancy 
behavior of the substoichiometric carbides and nitrides and find a strong tendency toward 
vacancy clustering in the carbides. Our results demonstrate that a special type of stable 
point defect, a metal vacancy ‘‘dressed’’ in a shell of six carbon vacancies can be a dominant 
type of metal-vacancy-containing defects in the carbon-deficient sub-stoichiometric carbides, 
whereas the simplest point defects appear to be dominant in the nitrogen-deficient sub-
stoichiometric nitrides. We also show that such clusters are strongly bound in carbides and 
that temperature has a relatively small effect on the overall defect stability of group IVb 
transition metal carbides and nitrides.
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OTH 701

A detailed view on the effect of the spin-orbit coupling  
on the magnetocrystalline anisotropy: case study of FePt

* Saleem Khan1, Peter Blaha2, Hubert Ebert3, Jan Minar3,1, Ondrej Sipr4

1) University of West Bohemia, Pilsen 
2) Technische Universität Wien 
3) Ludwig-Maximilians-Universität München 
4) Institute of Physics ASCR, Prague 

To obtain magnetocrystalline anisotropy (MCA) energy via ab-initio calculations, the spin-
orbit coupling (SOC) has to be accounted for. This can be done either fully by solving the 
relativistic Dirac equation or pertubatively via the second variation approach. To assess 
whether employing one or the other method has got a significant impact on the calculated 
magnetocrystalline anisotropy is not trivial: different ways of dealing with the SOC are 
implemented in different codes which rely on different methods and as the MCA energy is 
very sensitive to various technical parameters, a very careful examination of various 
convergence parameters has to be performed to get a meaningful comparison. Our study of 
the MCA of bulk FePt focuses on comparison of results of the Wien2k FLAPW code, where 
the SOC is implemented via the second variation approach, and of the SPRKKR code, 
where the Dirac equation is solved using a full-potential KKRGreen function method. 
Additionally, the effect of scaling the SOC either overall or for Fe and Pt atoms separately is 
investigated.

OTH 702

Influence of xc-functionals on the opto-electronic  
properties of WO3 polymorphs

* T.-H. Lee1, Y. Lee1, W. Jang1, Aloysius Soon1

1) Department of Materials Science and Engineering, Yonsei University, Seoul, South Korea 

Bulk tungsten oxide (WO3) [1] exhibits different polymorphic phases, namely the monoclinic, 
triclinic, orthorhombic, tetragonal, and hexagonal phases, with increasing temperature. It is 
commonly accepted that at room temperature, WO3 adopts a monoclinic lattice. But recently, 
many experimental results demonstrate the manifestation of various interesting temperature-
controlled nanomorphologies of WO3, which is believed to have originated from the different 
polymorphs of WO3 [2, 3]. In this work, using density-functional theory calculations, we 
investigate and study the various opto-electronic properties which will most likely be strongly 
affected by the poylmorphic state that WO3 adopts. We pay particular attention to the explicit 
approximations to the exchange-correlation functional to afford a more accurate description 
of these opto-electronic properties of WO3.
[1] X. Zhang, D. Chandra, M. Kajita, H. Takahashi, L. Dong, A. Shoji, K. Saito, T. Yui, and M. Yagi, Int. 

J. Hydrogen Energ. 39, 20736 (2014)
[2] H. Simchi, B. McCandless, T. Meng, and W.N. Shafarman, J. Alloy. Compd. 617, 609 (2014)
[3] N. Wang, D. Wang, M. Li, J. Shi, and C. Li, Nanoscale 6, 2061 (2014)
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OTH 703

Properties of self-assembled monolayers of hydrogen-bonded 
triphenylamine derivatives on metal and insulator substrates

* Martin Gurrath1, Christian Steiner2, Sabine Maier2, Bernd Meyer1

1) Interdisciplinary Center for Molecular Materials and Computer-Chemistry-Center, Friedrich-
Alexander-University Erlangen-Nuernberg 

2) Department of Physics, Friedrich-Alexander-University Erlangen-Nuernberg 

The atomic and electronic structure of homo- and bi-molecular networks of triphenylamine 
derivatives with either diaminotriazine (ADTPA) or carboxylic (CDTPA) end groups, which 
form highly regular self-assembled superstructures on Au(111) and KBr(001) substrates as 
observed by low-temperature STM and AFM, were studied by density-functional theory 
(DFT) calculations.

Both molecules exhibit three-fold rotational symmetry. While the carboxylic end groups of 
CDTPA can form only one type of H-bond with other molecules in a flat geometry, the amine 
groups of ADTPA allow for three different hydrogen bonding motifs, which can be either flat 
or tilted.

First, for all possible combinations the molecule--molecule interaction strength for the 
different hydrogen bonding motifs was determined by calculation of the dimerization energies. 
Then, monolayer arrangements were derived from the dimer structures. For these monolayers 
charge transfers and the mutual influence on the electronic structure were analyzed.

On the KBr(001) surface, the strong molecule--substrate interaction, which includes a 
large van-der-Waals contribution, leads to a significant deformation of the planar gas phase 
structure of the ADTPA molecules. This strong interaction between molecule and substrate 
is the reason why different monolayer arrangements form on metal and insulator substrates.

OTH 704

Charge state corrections from microscopic polarizability:  
how to access it, the advantages, and various challenges

* Osman Baris Malcioglu1, Michel Bockstedte2

1) Lst.f.Theor.Festkörperphysik, Friedrich-Alexander-Universität Erlangen-Nürnberg, 91058 
Erlangen, Germany 

2) Lst.f.Theor.Festkörperphysik, Friedrich-Alexander-Universität Erlangen-Nürnberg, 91058 
Erlangen, Germany; FB Materialwis- senschaften & Physik Universität Salzburg, 5020 Salzburg, 
Austria 

Localized charge at surfaces, interfaces, or in volume materials naturally occur due to the 
ionization of adsorbates or defects. A robust quantitative description of charged systems is 
a prerequisite to explore the physics of adsorbates, surface and bulk defects of materials 
such as metal oxides. The popular supercell approach requires charge neutrality per 
supercell. For charged systems this is enforced by compensation charges. The resulting 
spurious interaction can be corrected a-posteriori [1,2]. Recently, a scheme based on model 
fitting the localized charge and dielectric screening was proposed [1]. The key ingredient in 
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these schemes is the dielectric function. Model fitting in more complex cases, e.g. the decay 
profile at a non-homogenous surface, is far from straightforward. Recent advances in finite 
elements techniques allow a full ab-initio approach, where the microscopic polarizability is 
taken from ab-initio calculations. However, this approach requires special care in calculating 
the polarizability. In this talk, a comparision with the model fitting approach, and various 
ways of calculating the same correction from microscopic polarizability will be presented. 

[1] H.-P. Komsa et al., PRL 110, 095505 (2013).
[2] C. Freysoldt et al., PRL 102, 016402 (2009). 

OTH 705

How Molecules Interact Through Nanostructures

* Mausumi Chattopadhyaya1, Alexandre Tkatchenko1

1) FHI der MPG 

Molecules often interact and assemble in the presence of environments, such as solvents, 
surfaces, or nanostructures. While in the gas phase intermolecular interactions are fairly well 
understood, much less is known about intermolecular interactions in polarizable environments. 
To shed some light into this matter, we have investigated the interaction between aromatic 
molecules through a range of nanostructures, including graphene, h-BN, fullerenes, carbon 
nanotubes, and phosphorene. In each of these cases, we have computed the non-additive 
interaction terms by using density-functional theory with many-body dispersion interactions 
(DFT+MBD method [1, 2]). We found that in most of the cases the intermolecular interaction 
energy decreases due to the presence of a nanostructure, as expected from classical 
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electrodynamics. However, for sufficiently polarizable nanostructures, we observe a regime 
in which the interaction energy increases due to non-trivial quantum-mechanical fluctuations 
of electric dipoles.

[1] A. Tkatchenko, R. A. DiStasio, Jr., R. Car, and M. Scheffler. Phys. Rev. Lett. 108, 236402 (2012).
[2] A. Ambrosetti, A.M. Reilly, R.A. DiStasio Jr., and A. Tkatchenko. J. Chem. Phys. 140, 18A508 (2014).

OTH 706

First-principles modeling of copper impurity diffusion in TiN

* Anton Bochkarev1,2, Maxim Popov1, Jürgen Spitaler1, Peter Puschnig2

1) Materials Center Leoben Forschung GmbH, Leoben, Austria 
2) University of Graz, Institute of Physics, NAWI Graz, Graz, Austria 

TiN is an important material used as a diffusion barrier in microelectronic devices to prevent 
copper from contacting silicon. There is however little known about the elementary atomistic 
processes underlying the excellent performance of TiN. The scarce experimental data 
presented in literature has a significant spread and the available theoretical works provide 
only qualitative estimates of the different atomistic mechanisms of copper diffusion. In this 
work, therefore, we quantitatively evaluate barrier properties of TiN against copper diffusion 
and estimate the effect of the off-stoichiometry of TiN using a first principles approach based 
on density functional theory. To this end we calculate concentrations of the intrinsic point 
defects in titanium nitride as a function of composition via the grand-canonical thermodynamic 
formalism based on the dilute solution model [1]. We study the site preference of Cu impurity 
atoms on the TiN sub-lattices by calculating the corresponding defect formation energies, 
taking into account the effect of off-stoichiometry. Finally, we calculate the stoichiometry-
dependent diffusion coefficients for three diffusion mechanisms: the interstitial mechanism 
and the vacancy-mediated mechanism on the Ti- and N-sublattices.
[1] C. Woodward, M. Asta, G. Kresse, J. Hafner, Phys. Rev. B, 63, 094103 (2001)

OTH 707

Hydrogen Adsorption and Absorption on/in Noble Metal Materials

* Airi Kawasaki1, Tran Thi Thu Hanh1, Yoshinari Takimoto1, Osamu Sugino1

1) ISSP, the University of Tokyo, 5-1-5 Kashiwanoha, Kashiwa, 277-8581, JAPAN 

Hydrogen (H) in noble metals or on the noble metal surfaces is an important target of 
condensed matter physics. H-adsorption on the platinum (Pt) is the typical problem of 
catalysis and H-absorption in the palladium (Pd) is related to the H-storage problem. Applying 
the first-principles density-functional simulations, we explain some of the unresolved 
problems on the H-sorptions. First, we study the H on the Pt(111) where the most stable 
adsorption sites have been controversial because signal from H is hard to detect 
experimentally and subtle energy difference among possible adsorption sites is hard to 
determine computationally. Using quite large supercell and fine Brillouin zone mesh, together 
with the Monte Carlo simulation, we address the most adsorption sites and the equilibrium 
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H coverage to explain the electrochemical measurements [1]. Second, we study effect of 
surface on the H-diffusion in a PdHx system to explain the anomalous H-diffusion found for 
a nanoparticle.

[1] T. T. T. Hanh, Y. Takimoto, and O. Sugino, Surf. Sci. 625, 104, (2014).

OTH 708

Pressure-dependence of structural and vibrational properties  
of phenanthrene and picene

* Marc Höppner1, Lilia Boeri2

1) Max Planck Institute for Solid State Research 
2) Institute for Theoretical and Computational Physics, TU Graz 

We present a detailed ab-initio study of the pressure-dependence of the structural and 
vibrational properties of two organic hydrocarbons (picene, phenanthrene), which have 
attracted a considerable interest in the last few years. In fact, besides having transport 
applications like other acenes, these compounds have been reported to become 
superconducting, when intercalated with alkali or lanthanide atoms.

Based on a detailed comparison with the experimental data[1], we find that while picene 
remains in the low-pressure crystal structure up to 20 GPa, phenanthrene displays a 
structural transition to a new high-pressure phase around 8 GPa; based on evolutionary 
algorithm for structure generation and van-der-Waals density functional theory, we show that 
the molecules tend to orient themselves parallel with pressure. To study the evolution of the 
phonon spectrum, we introduce a method of analysis, based on projections on molecular 
eigenmodes, which shows that the molecular character of these modes is progressively lost 
with increasing pressure. This happens in parallel with the appearance of several non-
molecular structures in the phase space.

[1] in collaboration with F. Capitani, P. Postorino and P. Dore, la Sapienza, Rome

OTH 709

Role of van der Waals interactions  
in catalytic processes at surfaces

* Fairoja Cheenicode Kabeer1, Alexandre Tkatchenko1

1) Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin, Germany 

Fundamental understanding of structure, stability, and reactivity of molecules on surfaces 
are key to achieve efficient catalytic processes. In particular, the relative strength of adsorption 
between molecules and the surface plays an important role in quantitative determination of 
the catalytic activity and selectivity. For small molecules, the making and breaking of covalent 
bonds largely determines the catalytic mechanisms. Surprisingly, it has been recently 
suggested that van der Waals (vdW) interactions between the reactive intermediates and 
the surface, rather than covalent bonds, determine the conditions for optimal selectivity in 
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oxygen-assisted reactions on Au(111) surface [1]. Here we investigate the relative stability 
and the reactivity with respect to displacement for broad range of catalytic systems such as 
amides, isopropoxys, thiolates, and acetylides, on Au(111) surface using density-functional 
theory (DFT) calculations including vdW interactions. From our results, we found that the 
most stable geometries and reaction dynamics can only be correctly described after the vdW 
interactions are included in the DFT calculations and hence we demonstrate the critical role 
of weak interactions in catalysis.
[1] J. C. F. Rodriguez-Reyes et al., J. Am. Chem. Soc. 136, 13333 (2014).

OTH 710

Exploring the sequential on-surface structural transformation  
of a hydrocarbon molecule using density functional theory

* Ville Loukonen1, Shigeki Kawai2,3, Ernst Meyer2, Benjamin Lindner4,  
Kazukuni Tahara3,4, Yoshito Tobe 4, Adam Foster1

1) Department of Applied Physics, COMP Centre of Excellence, Aalto University, Finland 
2) Department of Physics, University of Basel, Switzerland 
3) PRESTO, Japan Science and Technology Agency, Japan 
4) Graduate School of Engineering Science, Osaka University, Japan 

We present here the computational side of a recent multimethod investigation on sequential 
structural transformations of dehydrobenzo[12]annulene (DBA, C24H12) molecule on Cu(111) 
surface. 

DBA is a triangular molecule consisting of three benzene rings connected with three 
ethylene moieties. When deposited on Cu(111) surface the molecule undergoes several 
structural transformations, both with and without annealing. 

Although scanning probe microscopy is able to image the structure of the molecule on the 
surface with a good accuracy, not all the important details can be resolved. Electronic 
structure calculations serve to provide a mechanistic understanding of the transformation 
and together with the experiments paint a refined picture of the physical process. 

DFT (PBE-D3/DZVP) computations agree well with the experiments, confirming that in 
the transformation the molecule gradually lowers its energy. Calculations demonstrate that 
the copper surface has an important role in the process - the process cannot be explained 
based only on vacuum energetics and geometries. 

In addition to painting an energy landscape, DFT calculations provide invaluable 
information on the exact molecular structure on the surface. It turns out that the molecular 
geometry is very sensitive to the existence and location of hydrogen atoms - something that 
is very difficult to interpret from the experiments alone.
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OTH 711

The PSML format and library for norm-conserving  
pseudopotential interoperability

* Alberto Garcia1, Javier Junquera2, Matthieu Verstraete3

1) Institut de Ciencia de Materials de Barcelona (ICMAB-CSIC) 
2) Universidad de Cantabria 
3) Université de Liège 

Norm-conserving pseudopotentials are used by a significant number of electronic-structure 
packages, but the practical differences in the handling of pseudopotential data among codes 
hinder their interoperability and make it difficult to compare their results. We address this 
problem with a two-pronged approach. First, we propose a file format (PSML) that maps the 
basic concepts of the norm-conserving pseudopotential domain in a flexible form and 
supports the inclusion of provenance information and other important metadata. Second, we 
provide a software library that can be used by electronic structure codes to transparently 
extract the information in the file and adapt it to their own data structures. Support for the 
new file format has been already implemented in several pseudopotential generator programs 
(including ATOM and ONCVPSP), and the library has been linked with SIESTA and ABINIT, 
allowing them to work with the same pseudopotential operator (with the same local part and 
fully non-local projectors) and thus easing the comparison of their results for the structural 
and electronic properties of several model systems. This methodology can be easily 
transferred to any other package that uses norm-conserving pseudopotentials, and offers a 
proof-of-concept for a general approach to interoperability.

OTH 712

Ab-initio calculation of the real contact area on the atomic scale

* Michael Wolloch1,2, Gregor Feldbauer1,2,3, Peter Mohn1, Josef Redinger1,  
Andras Vernes1,2

1) Vienna University of Technology 
2) Austrian Center of Competence for Tribology 
3) Institute of Advanced Ceramics, Hamburg University of Technology (TUHH)

The real contact area is an important parameter in tribology, influencing pressure distributions, 
friction, and wear. On the atomic scale however, which is gaining importance due to rapid 
miniaturization, e.g. NEMS/MEMS, classical methods to describe it are bound to fail.

We present a novel approach to determine the onset of contact between a tip and a 
surface. The real contact area depending on the distance is calculated using Bader’s 
quantum theory of atoms in molecules. The jump to contact, which is often observed in 
atomic force microscopy experiments, is used as an indicator for the initial point of contact, 
which in turn is defined by atomic relaxations and thus without the need of external 
parameters. Within our approach the contact area is estimated by evaluating the zero flux 
surfaces between the touching Bader-atoms, where the necessary electronic density cutoff 
for the Bader-partitioning is calculated to depend on the initial point of contact. Our proposed 
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approach is therefore completely ab-initio and we are able to define and calculate the real 
area of contact without imposing restrictions or free parameters.

As a prototype system we choose a tip made of a ten atom tungsten pyramid above a 
moiré layer of graphene on an fcc iridium (111) substrate.

OTH 713

Non-collinear magnetic structures  
in Mn based Inverse Heusler alloys

* Souvik Paul1, Biplab Sanyal2, Subhradip Ghosh1

1) Indian Institute of Technology Guwahati, India 
2) Uppsala University, Sweden 

Mn2NiX(X an sp element) alloys have recently generated interests in the scientific community 
due to potential multifunctional behavior of these systems. For example, Mn2NiGa shows 
martensitic transformation at room temperature leading to shape memory effect and potential 
application as actuators at manageable operational conditions. Mn2Ni(1+x)Sn(1-x) and Mn2Ni(1+x)In(1-x) 
too show shape memory effects and significant Inverse magneto-caloric effects for a narrow 
range of x. It is generally understood that the magnetic interactions and the crystal structures 
in these systems have a role to play. These systems crystallize in Inverse Heusler structures 
making the two Mn atoms inequivalent and creating ferrimagnetism in the system as opposed 
to the conventional Ni2MnX systems. Study of magnetic interactions in these systems, therefore, 
could be quite interesting. Using Density functional theory(DFT) based calculations, we 
show the emergence of non-collinear magnetic structures, in the form of planar spin spirals, 
in these systems. We attribute the occurrences of such magnetic structures to the nesting 
features among the majority and minority spin bands. A complete understanding of the 
phenomena is carried out by analyzing the roles of the crystal structure and magnetic 
interactions.
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OTH 714

CO2 at α-SiO2(001) surface: a first principles study 

* Oleksandr Malyi1, Clas Persson2

1) Centre for Materials Science and Nanotechnology, University of Oslo, P.O. Box 1048 Blindern, 
NO-0316 Oslo, Norway 

2) Department of Physics, University of Oslo, P.O. Box 1048 Blindern, NO-0316 Oslo, Norway 

Using first principles calculations, we performed detailed study of atomic reconstructions at 
α-SiO2(001) and CO2-α-SiO2(001) surfaces [1]. It was found that the lowest energy surface 
corresponds to the formation of “reoptimized dense” reconstruction having the surface energy of 
~10% lower than that for the lowest energy reconstruction of α-SiO2(001) surface (“dense”) 
reported previously. Using the computed structures, we studied CO2 adsorption including the 
effect of CO2 surface coverage on the system stability. Based on the computed results, we 
conclude that CO2 can strongly adsorb on the cleaved surfaces and even can induce formation 
of new reconstructions. However, the lowest surface energy of the CO2 – cleaved surface is 
found to be significantly larger than that for CO2–“dense” or CO2–“reoptimized dense” systems. 
Hence, our results clearly show that of CO2 interaction with α-SiO2(001) surface should be 
considered as the adsorption at the “reoptimized dense” surface which has physisorption nature. 

This work was in part financially supported from the Research Council of Norway (project: 
221469). We acknowledge access to HPC resources at USIT through NOTUR.

[1] O.I. Malyi, V.V. Kulish, C. Persson, R. Soc. Chem. Adv., 4 (2014) 55599-55603.

OTH 715

Full-potential LAPW as a DFT benchmarking tool

* Andris Gulans1,2, Sven Lubeck1, Claudia Draxl1,2

1) Humboldt-Universität zu Berlin 
2) Fritz-Haber-Institut der Max-Planck-Gesellschaft 

Full-potential linearized augmented plane waves (FP-LAPW) method is informally known as 
the gold standard of computational electronic-structure theory. To justify this reputation, we 
use the FP-LAPW code exciting[1] to show that an impressive accuracy of 1 μHa/atom can 
be reached for absolute total energies. To reach this target, we construct an LAPW+lo basis 
complemented with a sufficient number of local orbitals. First, we consider atoms and 
reproduce accurate total energies obtained with other all-electron methods employing grids 
and Gaussian basis sets. Second, we obtain highly converged total energies and equations 
of state for a representative set of solids. We verify the quality of the basis set by calculating 
total energies at different atomic-sphere sizes, and we find that a consistent treatment of 
relativity either with or without spin-orbit interaction throughout the unit cell is important for 
this verification. After having demonstrated the credibility of our approach, we present results 
for different test sets introduced in Refs. [2] and [3].

[1] A. Gulans et al., J.Phys.: Condens. Matter 26, 363202 (2014)
[2] K. Lejaeghere et al., Critical Reviews in Solid State and Materials Sciences 39, 1-24 (2014)
[3] K. F. Garrity et al., Comp. Mater. Sci. 81, 446 (2014)
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OTH 716

Ab-initio study on positron states  
at metal surfaces covered with alkali metal atoms

* Satoshi Hagiwara1, Chunping Hu1, Kazuyuki Watanabe1

1) Department of Phyisics, Tokyo University of Science 

Slow-positron beam experiment which utilizes the positron surface-states is the one of the 
powerful tool for analysis of electronic properties of material surfaces. However, the surface 
states of the positron have not been fully investigated theoretically. In particular, ab initio 
studies on this topic using the real surfaces of atomic and electronic structures that are fully 
relaxed have not been performed. In the present study, we performed ab initio two-component 
density functional theory simulation with corrugated mirror model for Al(100)[1] and W(100) 
surfaces with and without alkali-metal adatoms, to understand the basics of positron surface-
state. Our result shows that positron-surface states are sensitive to the surface electronic 
structure and positron distributions are affected by the change in the surface dipole barrier 
induced by alkali metal adatoms. Moreover, we found that positron distributions at W(100) 
surfaces are much localized over the top most layer of atom comparing with those at Al(100) 
surfaces. We will discuss more details of the results for the coverage-dependent positron 
work function and lifetime.

[1] S. Hagiwara, C. Hu, and K. Watanabe, Phys. Rev. B 91, 115409 (2015).

OTH 717

Efficient and accurate determination of lattice-vacancy diffusion 
coefficients via nonequilibrium ab-initio molecular dynamics

* Davide G. Sangiovanni1, Olle Hellman1, Björn Alling1, Igor A. Abrikosov1

1) Linkoping Universtity, IFM, Theoretical Physics Group 

Diffusion of lattice defects affects structural, mechanical, optical, and electronic properties in 
materials. Commonly, point-defect diffusion activation energies, and attempt frequencies 
are estimated at 0 Kelvin. However, lattice vibrations may affect kinetics and dynamics of 
atomic migration. This renders molecular dynamics (MD) as primary computational tool for 
evaluating jump rates at finite temperatures. Accurate but computationally-expensive 
density-functional-based MD runs are limited in system sizes and simulation times. External 
constraints can be applied to increase the rate of thermally activated events in MD runs. In 
the color-charge (CC) algorithm,[1] equilibrium jump-rates are retrieved by linear interpolation 
of the rate k(F) of jumps along the direction of an external force-field F for different F 
intensities within a narrow linear-response range. We prove analytically and numerically that 
the dependence of k(F) on F is exponential. This allows one to extend the CC method well 
beyond the linear regime, thus significantly improving computational efficiency. Nitrogen 
vacancy diffusion in TiN is chosen as case study. Equilibrium k values, linearly extrapolated 
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by log[k(F)] versus F data points, are in excellent agreement with MD results.[2] Simulation 
times are reduced by x10-2.

[1] Aeberhard, PRL 108, 5 (2012).
[2] Sangiovanni, PRB 91, 054301 (2015).

OTH 718

TDDFT calculations of the vicinage effect  
in the energy loss of antiprotons in metals

* Natalia Koval1, Daniel Sanchez Portal1, Andrei G. Borisov2, Ricardo Diez Muiño1

1) Donostia International Physics Center, DIPC, and Centro de Fisica de Materiales, CFM CSIC-
UPV/EHU, San Sebastian, Spain 

2) Institut des Sciences Moleculaires d’Orsay, ISMO, CNRS-Universite Paris-Sud UMR 8214, 
Orsay Cedex, France 

The difference between the energy loss of a single particle interacting with a solid compared 
with that of two particles traveling in close proximity to each other is called the vicinage 
effect. The vicinage effect was experimentally quantified for the first time by Brandt et al 
(Phys. Rev. Lett. (1974) 33) and has been extensively studied since then. Theoretically, 
different frameworks have been used depending on the velocity of the impinging particles 
and therefore on the necessity or not of including non-perturbative methods. We present 
here ab initio calculations of the energy loss of two charges moving through metallic media 
and of the consequent vicinage effect in the framework of the time dependent density 
functional theory (TDDFT). Large spherical jellium clusters are considered as targets and 
convergence with the cluster size is analyzed. We study the energy loss process as a 
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function of the distance between the moving charges. The calculations are performed for 
different electronic densities of the cluster, as well as for a wide range of projectile velocities, 
covering both the perturbative and the nonperturbative regimes. As a result we show that at 
certain conditions the vicinage effect in the energy loss of two antiprotons can lead to the 
effective attraction between these two negative charges.

OTH 719

Surface states with a peculiar spin structure

* Peter Krüger1, Sebastian D. Stolwijk2, Philipp Eickholt2, Sune N. P. Wissing2, 
Katharina T. Ritter2, Anke B. Schmidt2, Markus Donath2

1) Institut für Festkörpertheorie, WWU Münster, Germany 
2) Physikalisches Institut, WWU Münster, Germany 

Spin-orbit coupling lifts the spin degeneracy of electronic states at the surface of non-
magnetic solids due to inversion symmetry breaking. Adlayers of heavy atoms, in particular, 
give rise to an interesting physics going far beyond the simple Rashba model. However, only 
very few studies have been reported that address unoccupied states of these systems. In 
this contribution, we present results from ab-initio calculations as well as spin- and angle-
resolved inverse photoemission (IPE) for systems showing empty bands with a giant spin 
splitting and a unique structure of the spin polarization. For Tl/Si(111) and Tl/Ge(111), we 
identify spin-split states whose polarization vector rotates from the Rashba direction to an 
out-of-plane polarization when going from Γ to K. Around the M point, the spin shows a 
peculiar twist. The IPE results are discussed on the basis of our quasiparticle calculations. 
For Pb/Cu(111) we find a hybridization gap of 200 meV for one and even larger than 500 
meV for the other spin direction. Based on density-functional calculations we have developed 
an effective tight-binding model which identifies the mechanism leading to the formation of 
this exceptional gap.
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OTH 720

Coulomb interaction in Eliashberg theory of superconductivity

* Arkadiy Davydov1, Antonio Sanna1, Sangeeta Sharma1, John Kay Dewhurst1, 
Andreas Linscheid2, E.K.U. Gross1

1) Max Planck Institute of Microstructure Physics, Halle (Saale), Germany 
2) European Theoretical Spectroscopy Facility (ETSF) University of Florida 

The Eliashberg theory [1] of superconductivity allows to describe materials with strong 
pairing interaction. In the non magnetic case it leads to a system of coupled integral 
multidimensional equations. Computational costs are usually reduced by an isotropic limit 
[2], and by restricting the Coulomb interaction to the use of one single parameter, µ*, often 
chosen to give the experimental Tc. In this work we present the parameter-free approach in 
which the screened Coulomb interaction fully accounted within the Random Phase 
Approximation, entering the Eliashberg’s equations on the same footing as the phononic 
interaction. We apply this approach for list of ten basic phononic superconductors, including 
a recently understood MgB_{2} [5], where band anisotropy is crucial. Moreover, the method 
can be applied to the case of Pb/Si [6] and Pb/TiS_{2} interfaces.
[1] G.M. Eliashberg, Sov. Phys. JETP 11, 696 (1960)
[2] D.J. Scalapino, Phys. Rev. 148, 263 (1966)
[3] L.N. Oliveira, E.K.U. Gross, Phys. Rev. Lett. 60, 2430 (1988)
[4] M. Lüders, PRB 72, 024545 (2005)
[5] J. Nagamatsu, et. al., Nature 410, 63-64 (2001)
[6] D. Eom, et. al., Phys. Rev. Lett. 96, 027005 (2006)
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OTH 721

Time-dependent density functional theory and experiments 
for femtosecond laser pulse at Wide-bandgap materials  
and Graphite materials

* Shintaro Kurata1, Norihito Kawaguchi1, Masaki Hashida2, Shuji Sakabe2,  
Kazuhiro Yabana3

1) Advanced Applied Science Department, Research Laboratory, IHI Corporation 
2) Advanced Research Center for Beam Science, Institute for Chemical Research, Kyoto University 
3) Center for Computational Sciences, University of Tsukuba 

We present first-principles simulation based on the time-dependent density functional theory 
(TDDFT) for electron dynamics in crystalline MgO and Highly Oriented Pyrolytic Graphite 
(HOPG) under irradiation of the femtosecond laser pulse (pulsed width (FWHM): 40 fs). We 
numerically investigate the laser ablation thresholds of MgO, HOPG and compare those 
values with the experiment results. The ablation threshold by TDDFT is defined as the laser 
intensity on the electron excitation energy above the cohesive energy. Fig.1 shows the 
electron excitation energy of MgO-pair in the final state following the pulsed excitation for the 
laser intensity. The cohesive energy of MgO is 10.33eV, the ablation threshold is estimated 
to be 3.5×1013 W/cm2 and close to the experiment result which is 4.8×1013 W/cm2. On the 
other hand, the calculated ablation threshold of HOPG is 3.2×1013 W/cm2 and about one 
seventh smaller than the experiment one which is 2.2×1014 W/cm2.

The cause of this difference on HOPG is supposed that the reflectance of HOPG surface 
is large and is necessary to be considered for the incident laser intensity.
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OTH 722

Magnetism of FexCo1-x nanoclusters on Pt(111) surface

* Ivan de Paula Miranda1, Ricardo Noboru Igarashi1, Angela Burlamaqui Klautau2, 
Helena Maria Petrilli1

1) Departamento de Fisica dos Materiais e Mecanica, Instituto de Fisica, Universidade de Sao 
Paulo, 05508-090, Sao Paulo, SP, Brazil 

2) Faculdade de Fisica, Universidade Federal do Para, 66075-110, Belem, PA, Brazil 

The magnetic properties of FexCo1-x nanoclusters deposited on the Pt(111) surface are 
investigated using the real space linear muffin-tin orbital (RS-LMTO-ASA) method within the 
DFT framework. Several configurations, with different positions and Fe/Co concentrations, 
of triangular trimers and hexagonal heptamers are considered. Our results show that the 
orbital moments change with the local environment and the direction of magnetization, 
especially for Co atoms. The average spin moments correspond to a linear function with 
respect to stoichiometry. We found a nonlinear trend of the average orbital moments for 
trimers and heptamers with Fe concentration, different from FexCo1-x/Pt(111) nanochains [1], 
and also contrasting to the monolayer [2] behavior. All studied situations proved to be stable, 
collinear, and substantially ferromagnetic. In addition, magnetic anisotropy energy (MAE) 
investigation of the presented structures is discussed. 

We thank CNPq, CAPES, FAPESP, CENAPAD, LCCA-USP and INCT-INEO.

[1] R. N. Igarashi et al., J. Phys. Condens. Matter 26, 206003 (2014).
[2] G. Moulas et al., Phys. Rev. B 78, 214424 (2008).

OTH 723

Projector Augmented-Wave formulation of response to strain  
and electric field perturbation within the density-functional 
perturbation theory

* Marc Torrent1, Alexandre Martin1, Razvan Caracas2

1) Commissariat a l’Energie Atomique et aux Energie Alternatives (CEA) 
2) Ecole Normale Superieure de Lyon 

A formulation of the response of a system to strain and electric field perturbations in the 
pseudopotential-based Density-Functional Perturbation Theory (DFPT) has been proposed 
by D.R Hamman and co-workers. It uses an elegant formalism based on the expression of 
DFT total energy in reduced coordinates, the key quantity being the metric tensor and its first 
and second derivatives [1].

We propose to extend this formulation to the Projector Augmented-Wave approach 
(PAW). In this context, we express the full elastic tensor including the clamped-atom tensor, 
the internal strain coupling parameters (atomic-relaxation) and the response to electric field 
(piezoelectric tensor and effective charges). With this we are able to compute the full elastic 
tensor for most materials (metals and insulators) within a fully analytical formulation. The 
comparison with finite differences calculations on simple systems shows an excellent 
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agreement; DFPT calculations converge faster with respect to Brillouin zone sampling and 
are not sensitive to the use of a small deformation.

This formalism has been implemented in the plane-wave based DFT ABINIT code [2]. We 
apply it to the computation of elastic properties of iron with impurity elements, in view of 
interpreting the sound velocity measurements of the Earth\’s core materials.
[1] D.R Hamman et al., Phys. Rev. B 71, 035117 (2005)
[2] www.abinit.org

OTH 724

LCAO-CPA within a pseudopotential framework:  
application to substitutional disorder in iron pnictides

* Alexander Herbig1, Rolf Heid1, Robert Eder1

1) Institute for Solid State Physics, Karlsruhe Institute of Technology (KIT) 

Investigating the electronic structure of substitutionally disordered systems is a challenge for 
density functional-based methods. A straightforward supercell approach is limited to special 
impurity concentrations. For dealing with arbitrary impurity concentrations effective medium 
theories are better suited. Among them the coherent potential approximation (CPA) has 
been successfully applied in the KKR-DFT-framework but rarely has been used within other 
DFT-frameworks. Blackman, Esterling and Berk (BEB) suggested an extension to the CPA 
which allows to handle off-diagonal disorder on the level of hopping-terms [1]. Based on 
ealier work [2], we developed a charge self-consistent BEB-CPA for a nonorthogonal LCAO-
basis. This basis is obtained via projection from a mixed-basis pseudopotential calculation. 
We discuss the method itself as well as its numerical verification in comparison to binary 
alloy model calculations solved by exact diagonalization.

The iron-based superconductors are a prominent and recent example how chemical 
substitution can be used as a tuning parameter for the electronic properties and the 
superconductivity of a complex material. As a nontrivial application of our LCAO-CPA method 
we present electronic structure calculations on the 122-family with various species 
substitutions at arbitrary impurity concentrations. In particular we investigate orbital selective 
effects on bands near the Fermi level as well as the role of charge self-consistency.
[1] J.A. Blackman et al., PRB 4, 2412 (1971)
[2] K. Koepernik et al., PRB 55, 5729 (1997)
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OTH 725

Multiple Oxidation and Spin Sates in the Cyclopropanation  
of Olefins Catalyzed by Fe-Porphyrin Complexes

* Miquel Torrent-Sucarrat1, Iosune Arrastia1, Ana Arrieta1, Fernando P. Cossío1

1) Department of Organic Chemistry I, Univerrsidad del País Vasco - Euskal Herriko Unibersitatea 
(UPV/EHU), and Donostia International Physics Center (DIPC), P.º Manuel Lardizabal 3, 20018 
San Sebastian-Donostia, Spain 

Cyclopropane derivatives are important building blocks for the chemical synthesis of many 
valuable compounds, including natural products and biologically active species. Catalyzed 
stereocontrolled [2+1] cycloaddition between olefins and carbenes, or carbene precursors, 
is one of the most convenient methods for the synthesis of cyclopropanes. Given the 
instability of carbenes, diazocompounds are used as suitable carbene precursors. In this 
work, the mechanism of the cyclopropanantion of alkenes with diazocompounds catalysed 
by FeII-porphyrin complexes has been investigated using DFT methods. It is found that the 
catalytic cycle involves triplet, quintet, and singlet states. Reaction of triplet FeII-porphyrin 
complexes with diazocompounds leads to axial and bridged FeII-carbene complexes. The 
former type is favored at the singlet state and the latter is the most stable one at higher spin 
states. The second key step of the reaction consists of the [2+1] cycloaddition of the axial 
FeII-carbene complex to yield the corresponding cylcopropane. Both formation of the FeII-
carbene complex and the [2+1] cycloaddition occur on the singlet hypersurface. Several 
minimum energy crossing points ensure the kinetic and thermodynamic feasibility of the 
reaction. The reported mechanism is compatible with the observed trans selectivity.
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OTH 726

Sampling the conformational free-energy landscape of complex 
molecules in solution: achieving QM-level accuracy at a nearly 
MM-level computational cost

* Marta Rosa, Marco Micciarelli, Stefano Baroni, Alessandro Laio

Sampling the configuration space of molecules in solution is often a fundamental step for the 
study of their internal properties and their interaction with the surrounding environment. 
Nevertheless even for relatively small molecules, sampling the relevant configuration space 
is hindered by the long time taken by the system to hop from one conformer to the next.

Here we present a method able to provide quantum free-energy estimates for the different 
molecule conformers from classical calculations.

The conformational free-energy landscape of the system is first sampled using classical 
molecular dynamics MD and the relevant conformers are identified and classified using a 
recently proposed clustering algorithm [1]. A first estimate of the conformers’ free energies 
is obtained from a cluster population analysis. The bias introduced by the classical force field 
is then corrected with the differences between classical and ab-initio energies computed for 
selected configurations within a same conformer.

Here we apply this method to the study of the optical properties of cyanin (cyanidin 
3-glucoside), as the first step of a multi-scale approach based on a combination of classical 
MD and advanced clustering techniques [1], ab initio (AI) MD and time-dependent density-
functional theory (TDDFT).

[1] A. Rodriguez, A. Laio Science 344, 1492 (2014).

OTH 727

Quality control: Has your DFT code been Δ-approved?

* Kurt Lejaeghere1, Veronique Van Speybroeck1, Ward Poelmans1, Stefaan Cottenier1,2

1) Center for Molecular Modeling, Ghent University, Belgium
2) Department of Materials Science and Engineering, Ghent University, Belgium

Imagine: you and your colleague are both looking for a car. Unaware of each other, you buy 
exactly the same model on exactly the same day. There is only one difference: yours was 
made in a German factory, your colleague\’s in an Austrian one. Do you expect one car to be 
wider than the other? Of course not.

Now imagine you and your colleague are both looking for the lattice constant of silicon. 
Unaware of each other, you use exactly the same DFT functional for exactly the same 
structures. There is only one difference: your code was written by German researchers, your 
colleague\’s by Austrian ones. Do you expect one lattice constant to be larger than the 
other? Yet it is!

The success of density-functional theory (DFT) convinced several research groups to 
develop their own codes to solve the Kohn-Sham equations. Because each code implements 
the Kohn-Sham blueprint in slightly different ways, they yield slightly different results. We 
present an overview of a community-wide effort to assess the agreement between these 
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predictions. Using a quality label Δ, we prove the equivalence of recent DFT codes and 
potentials, and warn against deprecated ones.

OTH 728

Modification of electronic properties of graphene-substrate 
interfaces through passivation of substrates surface

* Alexander Markevich1

1) University of Nottingham

A very high mobility of charge carriers in graphene makes it a promising material for 
ultrafast electronics. However, for practical applications graphene needs to be deposited 
on a substrate, which introduces additional scattering centres due to the presence of 
surface defects, impurities, and substrate related phonons resulting in a lowering of the 
mobility of charge carriers by several orders of magnitude compared to the value for a free 
standing material. Naturally terminated surfaces may not be homogeneous and exhibit 
uncontrolled changes of properties across the surface. Therefore, intentional passivation 
of a substrate allows better control of the substrate quality and predictable modification of 
properties of the graphene-substrate interface. In the present work, density functional 
theory has been used to investigate the effects of substrate passivation by hydrogen, 
fluorine and hydroxyl group on the electronic properties of graphene-diamond and 
graphene-SiC interfaces.

OTH 729

Can we make quantum chemical wave function theories work for 
metals?

* James Shepherd1

1) Massachusetts Institute of Technology

In the last five years, I have used modern quantum chemical methods to study the 
homogeneous electron gas in detail for the first time.

Full configuration interaction quantum Monte Carlo was used to compute the most 
accurate results for the ground state electron gas to date. The Ceperley—Alder results, 
which underpin popular local density approximation functionals, were found to be in error by 
~25meV/el.

On the way to this result, new analyses were performed to derive new basis set and finite 
size correction schemes for correlated calculations of periodic calculations. These have 
greatly enhanced the practicality of quantum chemical calculations in solids. Outcomes are 
also discussed in the context of coupled cluster theory.

This will contain material from:

(i) Phys. Rev. Lett. 112, 133002 (2014)
(ii) J. Chem. Phys. 140, 124102 (2014)
(iii) Phys. Rev. Lett. 110, 226401 (2013)
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(iv) J. Chem. Phys. 139, 084112 (2013)
(v) Phys. Rev. B 86, 035111 (2012)
(vi) J. Chem. Phys. 136, 244101 (2012)
(vii) Phys. Rev. B 85, 081103 (2012)

OTH 730

Dynamical screening of electronic interactions made simple  
and tractable: DFT+U(ω)

* David D. O’Regan1

1) School of Physics, CRANN and AMBER, Trinity College Dublin, Ireland

The augmentation of approximate DFT with spatially and energetically localised corrections 
derived from model Hamiltonians is a widespread approach to improving its accuracy for 
more problematic systems. In the widely-used DFT+U and DFT+DMFT methods, the 
Hubbard U parameter may be interpreted, respectively, as a subspace occupancy curvature 
of the total-energy, deemed erroneous and due for cancellation, or as the static limit of the 
screened Coulomb interaction. The equivalence is subject to certain conditions, but in both 
cases generalisation to dynamical U parameters seems admissible. How essential it is to 
include such bosonic screening effects, both to match certain experiments and on fundamental 
grounds, and how best to do so, remains an open question.

Here, I will describe a recently-developed, inexpensive and simplifying approach to 
computing model dynamical Hubbard U parameters, dubbed DFT+U(ω). This approach 
comprises only widely-available combinations of static density-functional linear-response 
theory and approximate, inexpensive strategies for the dielectric function, suitable both for 

http://www.abinit.org
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insulating and metallic systems. I will introduce tractable methods for solving the resulting 
non-Hamiltonian models, using a subspace GW approximation, for which I will show some 
preliminary results on SrVO3, using TDDFT, or the cumulant expansion, as appropriate.

OTH 731

Accurate and Efficient Density Functional Theory Calculations of 
Large Systems Using Wavelets

* Laura Ratcliff1

1) Leadership Computing Facility, Argonne National Laboratory, Argonne, Illinois, 60439, USA

Density functional theory is an ideal method for a large range of systems due to its balance 
between accuracy and computational efficiency, however one of the key factors influencing 
its performance in practice is the choice of basis set, where minimal, localized basis sets 
often compete with extended, systematic basis sets. Wavelets, however, offer both locality 
and systematicity, as well as built-in multiresolution capabilities, and are therefore particularly 
suited to large, inhomogenous systems. This combination not only allows for high precision 
at relatively low cost, but is also ideally suited for linear-scaling DFT, wherein a minimal set 
of localized support functions is expressed in an underlying basis, in this case wavelets. It 
thus retains the benefits of wavelets while also presenting some new advantages, e.g. the 
straightforward definition of a fragment approach, allowing systems of 10,000 atoms or more 
to be treated with modest computational resources, thereby opening up opportunities to 
study systems which are inaccessible using standard cubic-scaling approaches. I will discuss 
these and other recent developments in two DFT codes: MADNESS and BigDFT, which are 
both wavelet-based but have distinct features. I will also present example applications for 
each code.
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OTH 732

Electron-phonon coupling beyond semi-local density  
functional theory

* Bartomeu Monserrat1

1) University of Cambridge

Nuclear vibrations play a central role in a wide range of situations: from thermally stabilised 
structures such as high-temperature perovskites, to the coupling of electrons and phonons. 
My work is centred around the development and application of methods to accurately 
describe atomic vibrations in solids using first-principles quantum-mechanical calculations.

I will describe recent developments in the study of atomic vibrations in solids, focusing 
on novel approaches to explore the vibrational phase space to calculate quantum and 
thermal averages of physical properties. The exploration of relevant atomic configurations 
is accomplished at small computational cost, enabling its use in conjunction with 
computationally intensive methods such as hybrid density functional theory or many-body 
perturbation theory, which might be required to obtain accurate results. For example, there 
is accumulating evidence that semi-local density functional theory, well known to 
underestimate the size of electronic band gaps, also appears to underestimate the strength 
of electron-phonon coupling. My new approaches enable electron-phonon coupling 
calculations to be performed using techniques beyond semi-local density functional theory 
at small computational cost, hence contributing to make these calculations applicable in a 
wider range of situations.

OTH 733

Complex SOC-derived spin texture in graphene induced  
by a metallic substrate

* Jagoda Slawinska1, Jorge Cerdá1

1) Instituto de Ciencia de Materiales de Madrid, ICMM-CSIC, Cantoblanco, 28049 Madrid, Spain

Recently suggested giant spin-orbit (SO) splitting of the Dirac cones in graphene interacting 
with metallic substrate and/or intercalated layer holds a great promise for development of 
novel spintronics devices. We have studied, via large-scale DFT calculations, the so-called 
SO proximity effect in graphene adsorbed on Pt(111) and Ni(111)/Au surfaces. The 
calculations reveal an unexpectedly complex spin texture far beyond the Bychkov-Rashba 
model or any alternative simple tight-binding approximation. While the DOS maps projected 
on graphene\’s π bands reveal traces of crossing, deviations from linearity and local band 
gaps due to the hybrydizations with the metal\’s d bands, the graphene\’s spin vector, which 
in general follows that of the substrate, rotates in momentum space wherever the hybridization 
occurs. Both the continuum character of the metal bands and back folding effects enhance 
the spin texture. The SO-derived splittings vary along the Dirac cones, being truly giant 
(~100 meV) only at anti-crossing regions, while in the linear parts it achieves smaller values 
typically below 20 meV (but still large compared to the tiny splitting in pristine graphene).
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OTH 734

Quantum Processing Units and Quantum Chemistry

* Jarrod McClean1

1) Harvard University

Quantum computers offer a potential polynomial time solution to the electronic structure 
problem for atoms and molecules. While once considered a dream, dramatic advances in 
both quantum technologies and algorithms have made turned this dream into a potential 
reality. In this talk I will discuss how hybridizing quantum and classical computing resources 
can lead to the first quantum computations on molecules not currently accessible to classical 
computers. This will begin with an overview of the field and recent advances. I will then 
introduce the idea of a Quantum Processing Unit (QPU) along with examples of its 
experimental realization in quantum devices and show how coupling with classical computer 
can allow one to perform classically inaccessible computations with minimal coherence time 
resources. I will finish with an outlook as to how the impact of such a computation on the 
current state of electronic structure and the directions forward.
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OTH 735

Tuning Spin Transport Properties and Molecular 
Magnetoresistance Through Contact Geometry.

* Kanchan Ulman1, Shobhana Narasimhan1, Anna Delin2

1) Jawaharlal Nehru Centre for Advanced Scientific Research, Bangalore, India.
2) Department of Materials and Nanophysics, School of Information and Communication 

Technology, Electrum 229, Royal Institute of Technology, SE-16440 Kista, Sweden; Department 
of Physics and Astronomy, Uppsala University, Box 516, SE-75120 Uppsala, Sweden

Molecular spintronics unites the advantages of using molecules as nanoelectronic 
components, with that of using spin as an additional degree of freedom. For technological 
applications, an important quantity is the molecular magnetoresistance. Here, we show that 
magnetoresistance is very sensitive to the contact geometry. We perform ab initio calculations, 
combining the non-equilibrium Green\’s function method with DFT, on a dithienylethene 
molecule placed between spin-polarized nickel leads of varying geometries. We find that, 
the magnetoresistance is significantly higher when the contact is made to sharp tips than to 
flat surfaces. This holds true for both resonant and tunneling conduction regimes, i.e., for 
both “closed” and “open” conformations of the molecule, respectively. We find that changing 
the lead geometry can increase the magnetoresistance by ~5 times. We also introduce a 
simple model that, despite requiring minimal computational time, recaptures our ab initio 
results for the full bias-dependent behavior of the magnetoresistance. This model requires 
as its input only the density of states on the anchoring atoms, at zero bias voltage. We also 
find that, the ratio of the current in the closed and open conformations can be tuned by the 
lead geometry, and increased by ~400%.

OTH 736

Collective Dispersion Energy Effects in the Accurate Description 
of Structure and Stability of Molecules on Surfaces

* Victor G. Ruiz1, Matthias Scheffler1, Alexandre Tkatchenko1

1) Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, 14195, Berlin, Germany

Hybrid inorganic/organic systems (HIOS) often demonstrate collective electronic, optical, and 
vibrational properties that the separate components forming the interface do not exhibit. 
These novel interface properties stem from a subtle interplay between a range of covalent 
and non-covalent interactions. In particular, van der Waals (vdW) dispersion interactions play 
an essential role in many properties of HIOS. In this talk we summarize our recent efforts in 
developing efficient first-principles methods that enable quantitative modeling and new 
qualitative insights into the structure and stability of HIOS. Our DFT+vdWsurf method [PRL 
108, 146103 (2012)] synergistically couples Lifshitz-Zaremba-Kohn theory with intermolecular 
perturbation techniques, and allows us to demonstrate that collective response of the 
substrate electrons can modify vdW coefficients in HIOS by up to an order of magnitude. 
Further gain in accuracy and conceptual understanding is possible by applying the recently 
developed many-body dispersion (MBD) method to model HIOS. This method allows us to 
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capture anisotropic polarization effects in HIOS and demonstrate strong non-additivity in vdW 
interactions for atoms, molecular assemblies, and nanostructures adsorbed on metal surfaces 
[Nat. Comm. 5, 5568 (2014)]. We conclude by discussing remaining challenges to achieve 
truly predictive modeling of HIOS.

OTH 737

From quantum mechanics to climate change

* Ville Loukonen1

1) Department of Applied Physics, COMP Centre of Excellence, Aalto University, Finland

Curiously enough, the smallest of things can have the largest of consequences.
What starts as harmless atmospheric aerosol particles floating in the air, slowly growing 

in size and turning into cloud condensation nuclei, gathering more and more water and 
graduating into cloud seeds, joining forces with peers and collecting even more water, can 
finally end up producing a common atmospheric phenomenon: a cloud. This is a very 
remarkable process as the clouds are of paramount importance in regulating Earth’s 
temperature. But there’s one fact to make this chain of physical processes even more 
interesting: it all starts even earlier – it starts from the atmospheric molecular clustering.

In atmospheric molecular clustering hydrogen bonding and proton transfers play key 
roles – thus there is no substitute for quantum mechanics, rendering the phenomenon into 
the realm of electronic structure calculations. During the past few years, electronic structure 
calculations of the very first steps of atmospheric clustering have made a game-changing 
contribution: calculations predicted new mechanisms behind aerosol particle formation that 
were later confirmed experimentally. In addition, calculations and simulations of atmospheric 
clustering processes started an avalanche, which deepens our fundamental understanding 
of nucleation and continues to shape the way experimental data is analyzed.

OTH 738

Novel effects in spin-orbitronics from first-principles theory

* Bernd Zimmermann1

1) Peter Grünberg Institut and Institute for Advanced Simulation, Forschungszentrum Jülich and 
JARA, Germany

The spin-orbit interaction (SOI) is at the core of spintronics 4.0, often referred to as spin-
orbitronics, that gives rise to completely new physical effects. The vision is to exploit SOI for 
the generation, transport, detection and manipulation of spin-currents without magnetic 
fields i.e. the all-electric control of the electron spin and magnetization that may finally allow 
for devices with ultra-low power consumption and unforeseen computational efficiency. The 
SOI lives in metals with complex Fermi surfaces and novel properties come about due to the 
presence of defects, thin films or the break of structure inversion symmetry. First-principle 
theory gives insight into novel phenomena, provides the predictive power to tailor materials 
and takes spintronics to the next level.
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I will show that anisotropy effects in complex transition-metal compounds present an 
ideal way to tailor spin-orbit effects, e.g. to suppress spin-relaxation by orders of magnitude 
[1]. Switching to compounds with complex magnetic order allows for new ways of creating 
and manipulating spin-currents [2]. Finally, two-dimensional ultrathin transition-metal films 
provide a unique way to engineer spin-orbit effects through a specific design of spin-orbit 
active points in the band structure of a solid [3] and employing quantum confinement [4].
[1] PRL 109, 236603 (2012); [2] PRB 90, 220403(R) (2014); [3] PRB 90, 064406 (2014); [4] Nature 

Commun. 5, 5558 (2014).

OTH 739

Modeling Cross Coupling Interactions in Advanced Materials. 
Spin-Orbit, Multiferroicity, Disorder and Electron-Phonon 
Interaction

* Domenico di Sante1

1) CNR-SPIN, L’Aquila, Italy

Advanced materials are making their way into every aspect of modern life and society, from 
electronics to communications, from transport to energy. Within this framework, approaches 
providing a quantitative non empirical modeling of materials, based on the laws of physics, 
are experiencing a growth in almost all areas of material science. Supported by this spirit, 
this abstract tackles the area of modeling cross coupling interactions in complex systems by 
using and combining different numerical and theoretical methods. In fact, complex systems 
always show entangled interactions, very often acting on comparable energy scales, so that 
the description of one interaction can\’t prescind from the description of the others and of 
their combined effects. We focused on three kinds of cross interactions: spin-orbit induced 
phenomena (Rashba effect and topological properties), multiferroicity in organic compounds 
and heterostructures, and electron-phonon coupling in disordered entangled electron 
phonon systems. Furthermore, we aimed at describing the interplay of such cross coupling 
interactions with ferroelectricity, disorder and external factors, as for example strain and 
pressure. Such complex systems, based on cross-couplings, are often multifunctional, i.e. 
they can be used by exploiting more than one of their functional properties.
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OTH 740

Car-Parrinello molecular dynamic study of the CH3NH3PbI3 
perovskite: the positive role of the structural dynamic disorder on 
the charge separation

* Claudio Quarti1

1) Université de Mons

Hybrid organo lead-halide perovskites have represented a breakthrough in the field of 
renewable energies, thanks to their impressive efficiencies (~20%), their low production cost 
and their chemical and mechanical flexibility. However, there are still many open issues 
regarding their photovoltaic working mechanism. In particular, the atomistic structural 
reasons that guarantee their inherent easy charge separation and, likely, their low charge 
recombination rate are still to be addressed. Ferro-photovoltaic phenomenon was invoked 
to explain the positive features of this class of materials but this is not fully consistent with 
the observed orientational dynamics of the CH3NH3 cations. We used Car-Parrinello 
molecular dynamics simulations to investigate the electronic properties of the tetragonal 
phase of the pristine and 1% chlorine doped CH3NH3PbI3 perovskite, taking into consideration 
the inherent structural dynamic disorder. We observed a clear localization of the frontier 
electronic levels in spatially separate regions of the model, which is dynamic in nature (~0.1 
ps time-scale), and which is enhanced by chlorine doping. We propose such localization 
mechanism as one of the main contributors to the efficient charge separation in this class of 
materials. This is also consistent with the lower charge recombination observed in chlorine 
doping samples.
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Enabling the confirmatory analysis of materials data, their reuse, 
and repurposing: The NoMaD Repository

Claudia Draxl1,2 , Fawzi Mohamed2, Lorenzo Pardini1,2, Luca Ghiringelli2, Pasquale 
Pavone1, Christian Carbogno2, Johann-Christoph Freytag3, Thomas Zastrow4, 
Binyam Gebrekidan Gebre4, Raphael Ritz4, Hermann Lederer4 and Matthias Scheffler2

1) Humboldt-Universität zu Berlin, Physics Department and IRIS Adlershof, D-12489 Berlin
2) Fritz Haber Institute of the Max Planck Society, D-14195 Berlin
3) Humboldt-Universität zu Berlin, Institut für Informatik and IRIS Adlershof, 12489 Berlin
4) Rechenzentrum Garching (RZG) der Max-Planck-Gesellschaft, D-85748 Garching

Since many years the Ψk community has been producing an enormous amount of data by 
CPU-intensive calculations. However, most of this data is not used in our target-oriented 
research and way of publishing. For optimal exploitation of the significant information content 
inherently inside all materials data, we need the willingness of the community to share, and 
we need repositories that allow for the long-term storage and access of all data. Following 
this spirit, the NoMaD (Novel Materials Design) Repository (http://nomad-repository.eu) has 
been established, promoting the idea of open access, sharing, and enabling data reuse and 
repurposing. We also note that rules of good scientific practice require keeping scientific 
data for 10 years. NoMaD offers this for free.

Open access implies that data can be used by anyone, not just by the experts who develop 
or run advanced codes. These include computer scientists, applied mathematicians, analytic 
condensed matter scientists, and more. We will be surprised what people will do with data, 
probably using tools that the present computational-materials community does not even know.

At present, we support major commuity codes, like ABINIT, CASTEP, CRYSTAL, exciting, 
FHI-aims, GAUSSIAN, octopus, Quantum ESPRESSO, VASP, and WIEN2k; this list is 
successively increasing.
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