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electronic properties
introduction
quantum confined systems
quantum wells
quantum wires QWs (nanotubes, nanowires, nanorods)
quantum dots QDs
heterostructures
screening
excitons
radiative processes and photoluminescence
non radiative processes
theoretical methods for electronic properties
growth techniques: nanoimprinting, nanolitography, nanomanipulation,       

self-assembly, colloidal solution
characterization techniques: STM (tunnel effect), AFM  
nanostructures and alternative energy: new approaches to solar cells
thermoelectric properties

LECTURES OUTLINE



some theoretical-computational approaches

semi-emipirical methods

empirical tight-binding (ETB)
empirical pseudopotential (EPM)
k-p and effective mass approximation (EMA)

ab-initio methods
Hartree
Hartree-Fock
Density Functional Theory (DFT) and Time Dependent DFT
Many Body techniques (GW, BSE)

the limit is at 1 nm of dimensions, due to computational costs

ab initio quantum chemistry methods
CI (correlation included) 

the limit is few electrons (up to 20), due to (crazy) computational costs



a blueshift is the first, direct effect of quantization on optical properties
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Exercise

L

calculate the energy levels for the well of width
L= 5, 10, 15 nm



… and from Solids to ‘Atoms’!

A

C

study of asymmetric CdS/CdSe core-shell nanocrystals

DAVMASS calculation
of Absorption Spectra

Nano Lett. 7, 2942 (2007)

L=54nm, W=4.5nm, Ws=3nm



screening

D=εεεε0εεεεME

εεεεM macroscopic dielectric constant

the average of the response function can be used for systems with
dimensions larger than the oscillations involved in the process

bulk systems
nanostructures? 

free electron � interacting multi-electron system

when an external perturbation is applied, we have:  
- excitation of the single electron
- response of the whole electronic system to the external field � screening



screening

if the system is not homogeneous at the microscopic level, 
the Local Field Effects become important

external perturbing field will induce fluctuations on the scale of the interatomic
distances in the material, giving rise to additional internal microscopic fields

local field effects can shift peak positions, and they can be very important

LFE can be included in the various theoretical approaches, 
e.g. by analytic expressions, or via direct calculation of inverse dielectric tensor.



Local Field Effects: NWs of Ge

Left panels: light polarized along the wire axis x; 
right panels: light polarized perpendicularly to the axis y

Bruno et al., 
PRB 72, 153310 2005



excitons

exciton: bound electron-hole pair, interacting via Coulomb interaction

two kinds of excitons: Frenkel and Wannier

- Mott-Frenkel: large dielectric constant, strong screening of the
Coulomb interaction between e- and h+
Eg=0.1 eV, delocalized
(semiconductors)

- Wannier: small dielectric constant, weak screening, Eg=1.0 eV, localized
(polymers, molecules)

- excitons absorption energy is observed below the bandgap



excitons

silicon absorption spectrum, 
dots, experiment (Lautenschlager et al., 1987); 
dash-dotted curve, RPA, including local field effects; dotted curve, GW-RPA; 
solid curve, Bethe-Salpeter equation

Onida, Reining, Rubio
Rev. Mod. Phys., Vol. 74, 601, 2002



excitons

Onida, Reining, Rubio
Rev. Mod. Phys., Vol. 74, 601, 2002



Excitons: NWs of Ge

Bruno et al., 
PRB 72, 153310 2005

gray isosurface gives the probability distribution for finding the electron when the hole is 
fixed in a given position the e-h localization length L is reported for each wire. The hole 
positions lie on the dashed line in the left panel and are represented by the white
crosses in the right panel



radiative processes and photoluminescence

highly fluorescent nanocrystals

via nanocrystals size control



non radiative processes

non radiative processes can limit the luminescence
e.g. multi phonon capture at surfaces (dangling bonds, defects)
Auger electron-hole recombination


