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ABSTRACT: In-plane dislocation networks arise in both inorganic and organic films as a
way of relieving the elastic strain that builds up at the substrate interface. In molecule/surface
systems, supramolecular interactions are weak and more complex (compared to the atomic
bonds in inorganic films), and their interplay with molecule−substrate interactions is very
subtle, making it difficult to single out the driving force for a nanoscale dislocation pattern.
On the basis of a combined experimental and theoretical work, we here show that periodic
dislocations in a molecular PFP film are mainly driven by the optimization of molecule−
substrate interactions. Compared to inorganic networks however, it implies a much lower energy imbalance, allowing a thermally
induced transition from a low-energy strain dislocation pattern to a high-energy incommensurate moire.́

SECTION: Surfaces, Interfaces, Catalysis

Strain-relief networks and moire ́ patterns in monolayers are
attractive because of their great potential as nanoscale

growth templates for a variety of materials.1−5 Most examples
of such nanoscale patterns involve inorganic materials.1−12 In
organic layers, while moireś were already observed decades
ago,13−16 only a few recent reports about strain-relief networks
exist.17−21 In reality, textured organic substrates are better
suited as templates due to their higher chemical stability.22

However, organic layer growth is inherently more complex than
its inorganic analogue due to the additional internal degrees of
freedom (orientational and vibrational) in molecules, as well as
to the weakness of interactions (intermolecular and molecule−
substrate).23 As a result, the few examples of organic dislocation
networks reported to date still lack a basic understanding of the
underlying balance of interactions. In this work, we tackle this
problem using the PFP/Ag(111) dislocation network18,19 as a
model system. The combination of STM measurements with
first-principle theoretical calculations allows us to quantitatively
rationalize the hierarchy of interactions and hence to identify
the mechanism responsible for the periodic dislocations.
Hereby, we do not only put forward a new structural model
for this important heterointerface but also provide seminal
understanding of the role and subtleness of strain at metal−
organic interfaces.
Strain is inherent to heterointerfaces; therefore, the

important point in crystal growth is how the elastic stress is
released. The scenario is apparently simple for a two-
dimensional (2D) incommensurate monolayer, that is, one
that crystallizes with its own lattice constant. Here, the strain
may accommodate vertically, leading to a moire-́like undulation,

or laterally, giving rise to in-plane dislocation networks.
Interestingly, some systems present both of these structures
and can transition from one to the other.8,10,12,24,25 In such
cases, the question that arises is which relaxation, vertical or
lateral, dominates. Ag/Cu(111)12 and Au/Ni(111)8 mono-
layers form moireś at low temperature (LT) that become
triangular dislocation networks at room temperature (RT). The
transition is irreversible, suggesting that the dislocation network
is actually the lower-energy phase,8 hindered by the limited
kinetics at LT. This hierarchy, lateral-over-vertical, is supported
by experiments10,24 or model calculations25 in which the atomic
density, that is, the chemical potential, is significantly varied.
On the basis of the present PFP/Ag(111) organic layer
experiments and supported by our theoretical calculations, we
demonstrate that for a nearly constant chemical potential, the
dislocation network is the low-energy phase, which may
transition to a higher-energy moire ́ structure by increasing
the temperature.
Our LT STM measurements show that PFP monolayers on

Ag(111) arrange into a highly crystalline structure with large
faultless domains exceeding 100 nm (Figure 1). The molecules
are in a flat-lying configuration with an oblique unit cell of
dimensions a = 8.8 ± 0.9 Å, b = 17 ± 1 Å, and γ = 62 ± 2 Å.
The long unit cell vector b is oriented along the close-packed
direction of the substrate, though the long molecule axis very
slightly deviates (approximately 3°) from this direction. Given
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the hexagonal symmetry of the Ag(111) surface, six discrete
domains are observed, these being three rotational domains and
their corresponding mirror domains.
Additionally, a superstructure consisting of periodic dis-

location lines in the direction of the long unit cell axis appears,
usually every six molecules (Figure 1). Along these dislocation
lines, the molecules end up side by side in a nearly rectangular
cell, as opposed to laterally shifted like in their oblique unit cell
(unit cells marked in red in Figure 2a). This side-by-side
arrangement is expected to be energetically less favorable; the
fluorine atoms are directly across from each other, enhancing
electrostatic repulsion. This leads to an increased lateral
distance between molecules (by 7 ± 4% as measured by
STM, significantly lower than the 33% dilation associated with
the recently proposed commensurate model18,19) that lowers
the packing density of the layer, thereby decreasing the energy
gain associated with the molecule−substrate interactions.
Quantification of the molecule−substrate and intermolecular

interactions, the balance of which leads to this specific
arrangement, is obtained from density functional theory
(DFT) calculations, all of which have been carried out through
the GPAW code.26 The study of layers of aromatic molecules
deposited on a metallic surface through DFT calculations
brings up the question, which exchange−correlation functional
is most appropriate for the particular system in question. The
performance of local density approximation (LDA),27 general
gradient approximation (GGA),28 ab initio van der Waals
(vdW-DFT),29 and semiempirical van der Waals (DFT-D)30

functionals for different systems has been extensively
investigated in the literature. One of the main conclusions of
these studies is that GGA functionals have a general tendency
to underestimate adsorption energies and overestimate
distances between the aromatic molecule and the metal.31−34

Another general trend is that LDA functionals yield shorter
distances and stronger adsorption energies than DFT-D and
vdW-DFT. However, it is not possible to know a priori which
of them will give results closer to the experimental ones for a
particular system, making it necessary to check this. From
values reported in the literature, complemented with our own
calculations, we conclude that LDA is the best choice to study
this particular type of systems (see the Supporting Information)

and have therefore used it for the rest of the calculations in the
present work.
The calculations can be divided in two parts. First, the

molecule−substrate interactions were quantified; maintaining
the molecular orientation observed in the experiment, the
adsorption energy of a PFP molecule on the Ag(111) surface
was calculated as a function of its displacement over the surface

Figure 1. (Above) Chemical structure of the PFP molecule. (Bottom)
(Left) 50 nm × 50 nm image (−1.37 V, 9.08 pA) of PFP/Ag(111)
showing the high crystallinity of the monolayer and periodic
dislocations. (Right) 15 nm × 15 nm image showing a close-up of
the dislocation lines appearing every six molecule rows. PFP molecules
appear as single peg-shaped features. (Inset) The moire ́ structure
found at RT, which is free of lateral dislocations (0.85 V, 9.64 pA).

Figure 2. (a) Model for dislocations. The structure is commensurate
in the direction of b but not in that of a. Oblique and rectangular cells
are marked in red. Adsorption energy of the PFP molecule as a
function of its position on the substrate. The numbers indicate the
positions of molecules in the model structure, projected onto a single
unit cell. It is essential for the model that the next group of molecules
(7 and on) be aligned in the Y direction with the first group (1−6).
(b) Energy densities for the system as a function of the dislocation
periodicity (every N molecules along the a axis, blue), the dislocation-
free case (black) and the commensurate case (red). (c) Adsorption
energy for a molecule on an underlying PFP layer. The oblique unit
cell of the underlying layer is marked, with the vertices corresponding
to molecular centers.
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(see Figure 2a). The calculations yielded a large adsorption
energy ranging from 1.34 to 1.12 eV, depending on the
molecule’s adsorption site. As can be seen in the figure, there is
a large variation in adsorption energy as the molecule is
displaced in the Y direction, whereas the adsorption energy
remains practically constant in the X direction. The reason for
this lies in the size and shape of the molecule; its long axis,
oriented in the X direction, is several times larger than the
lattice spacing, making the displacement in this direction less
perceptible. The calculations show that the adsorption of a
molecule on the silver substrate is always favorable for the
system. As a consequence, the more compact the arrangement
of the layer, the higher the energy gain will be. A dislocation
reduces the compactness by increasing the width of the unit cell
by about 7%, thus effectively reducing the energy gain
associated with the molecular adsorption by this amount,
which is on the order of 0.08 eV.
In the second part of the calculations, we focus on the

intermolecular interactions. We consider two contributions,
intermolecular interactions neglecting the substrate and those
mediated by it (see the Supporting Information for more
details). Calculations yielded 0.06 and 0.03 eV, respectively,
giving a total attractive intermolecular interaction energy of
0.09 eV for both the oblique and rectangular unit cells.
Substrate-mediated interactions (SMI) are discussed in the
literature,35,36 but to our knowledge, up until now, there have
been few attempts to quantify them. Sykes et al. were able to
experimentally determine the SMI of benzene on Au(111),
finding it to be approximately 0.005 eV per molecule,35

compared with a molecule−substrate interaction of 0.64 eV.37

In view of these values, a SMI energy of 0.03 eV compared to a
molecule−substrate interaction of around 1.2 eV as found in
our PFP/Ag(111) system seems to be a reasonable result,
considering the larger size and number of atoms in PFP
compared to those for benzene.
The structural model obtained from our experiments is

shown in Figure 2a. According to this model, the molecules
arrange around the adsorption minimum (blue area) in their
oblique configuration so as to maximize the energy gained from
adsorption and optimize the packing density. As the molecules
get farther from the equilibrium position (dark blue), the
adsorption energy continuously decreases from molecule to
molecule, until reaching a threshold value for which it becomes
more favorable to form a dislocation, despite the loss of
compactness, instead of maintaining the oblique configuration.
(The situation should of course be symmetrical, as is shown in
the figure; dislocations occur after molecule 6 and before
molecule 1.) The molecules therefore shift to remain on a more
favorable position on the substrate, adopting a rectangular cell.
We have performed theoretical calculations using the unit

cell parameters obtained by STM in order to show that the
formation of dislocations reduces the system’s energy density.
First, we consider a dislocation-free system. Given the
incommensurability of the overlayer in the direction of a,
molecules will occupy all positions on the substrate, that is, the
molecule−substrate interaction energy per molecule will simply
be the average value, 1.23 eV. The energy density in this case
comes out to be 9.97 meV/Å2. Next, we consider the different
possible dislocations that could occur as a function of their
periodicity (after N = 3−10 molecules along the a axis). As
these are naturally a way to increase the energy gain of the
system, we assume that the dislocation lines must minimize the
overall system energy by keeping the molecules in a certain

range of adsorption energies. In order to do so, it is necessary
for the dislocation to bring the next group of N molecules to a
position equivalent to that of the first group, that is, there must
be no displacement in the Y direction with respect to the
previous group (alignment in Y). This guarantees that
successive groups will remain in the region of minimum
adsorption energy and not stray into less favorable areas. This is
made clear in Figure 2a; the dotted line joining positions 1 and
7 marks the direction of constant Y. Taking the rectangular
lattice angle as γ = 90° and the experimental oblique cell
parameters,38 we calculate the cell dilation necessary to keep
the successive groups of molecules aligned in the Y direction for
each N. All that is left now is to calculate the energy density in
each case. The results are plotted in Figure 2b and show that
for 4 < N < 8, dislocations are an effective way to reduce the
total energy of the system. The maximum energy gain is
achieved for N = 6, the experimentally observed case, with an
energy density of 10.03 meV/Å2. The difference with N = 5 and
7 is small, explaining why these are sometimes observed too.
By comparing the energy densities of the N = 6 case and the

dislocation-free layer, we can obtain an estimate of the
threshold energy associated with the formation of the
dislocations. This difference is 0.06 meV/Å2. Such a small
value is typically within DFT error margins. Therefore, while
the energy variation with N is significant and unambiguously
favors periodicities around N = 6, the reliability of the 0.06
meV/Å2 difference with respect to the dislocation-free layer
may be doubted. Interestingly, additional STM measurements
at RT prove the correct order of magnitude of our DFT results
and the subtlety of the energy balance responsible for such
dislocation networks.
RT PFP/Ag(111) measurements show ordered layers with

an oblique cell practically identical to that found at LT.
However, instead of the dislocation lines, a voltage-independent
modulation of contrast is observed along the same direction.
This modulation is interpreted as a linear moire ́ pattern
generated by the lattice mismatch between the overlayer and
substrate (see Figure 1, inset), in which molecules on areas of
same contrast are located on crystallographically equivalent
substrate sites. This occurs with a longer periodicity as
compared to the dislocations, after around eight molecules in
the direction of the short axis. An explanation for the
differences between LT and RT monolayers may be that the
strain associated with the mismatch in PFP−substrate positions
responsible for the dislocations at LT is compensated at RT by
substrate phonons and molecular vibrations. Multiplying the
area of the unit cell times 0.06 meV/Å2 yields about 8 meV per
molecule,39 which is of the order of the thermal energy at LT
(kT ≈ 8 meV) and far below that of RT (kT ≈ 26 meV), as
would be expected from the presence of the dislocations at LT
and their disappearance at RT.
Note that this model is essentially different from that

proposed in previous work,18,19 where the structure is proposed
to be commensurate throughout the layer. We discard a
commensurate structure because it fails to explain the periodic
dislocation lines; upon commensuration, all molecules are
energetically alike; intermolecular interaction energy is indeed
accumulated throughout the layer at the expense of an
optimized molecule substrate matching, but that energy is
always the same. Thus, if the oblique arrangement is
energetically favorable for one molecule, it should be the
same for all of the next ones, and a dislocation would not be
favored at any time. We performed calculations for the
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commensurate case and found the intermolecular interactions
of the commensurate oblique cell to be strongly repulsive
(−0.29 eV per molecule) due to the proximity of the fluorine
atoms of neighboring molecules. Considering each molecule to
be on the most favorable adsorption site (1.34 eV), the energy
density of the commensurate layer comes out to be 8.02 meV/
Å2, well below the 10.03 meV/Å2 of the noncommensurate
structure that we propose. (See Figure 2b for a comparison of
all calculated energy densities.)
We also discard a bistability of relatively similar energy

configurations (oblique versus rectangular unit cells) as the
source for the dislocation formation. This was proposed, for
example, for the linear dislocation patterns at the TCNQ/
Cu(100) interface.21 However, that should lead to a random
distribution of the dislocation lines. Instead, the well-defined
periodicity that we observe suggests there is an additional
elastic stress contribution that leads to periodic accumulation
and release of stress throughout the layer, as suggested above.
Measurements of the second-layer growth at LT are

summarized in Figure 3 for two different coverages. Upon

increasing coverage, it becomes clear that the dislocation lines
arising from the interactions at the molecule−substrate
interface are transferred to the second layer (Figure 3b),
contrasting with previous reports.18,19 While this might be
ascribed to the different preparation conditions, DFT
calculations support the convenience of dislocation transfer to
the second layer. The adsorption energy of a PFP molecule
azimuthally oriented as those in the first monolayer has been
calculated by DFT as a function of its lateral displacement
(Figure 2d). The maximum adsorption energy (0.35 eV) is
significantly lower than that of PFP on Ag(111) and explains, in
combination with a low Ehrlich−Schwoebel barrier, the
absence of second-layer islands until the first layer is complete.
As in the case of PFP on the silver surface, there is a strong
variation in the direction of a and only a minor modulation
along b. However, given that at the dislocation lines, the
molecules are not only shifted along b but are also subject to an
increased distance along a, the dislocations are transferred to
the second layer to avoid an accumulated mismatch along a and
its associated energy loss. With these results depending only on
molecule−molecule interactions, they can be extrapolated to
subsequent layers. However, the calculations assume planarity
of the overlayer molecules and are therefore not applicable as
the molecules deviate from a planar arrangement. Transfer of
the dislocation pattern to subsequent layers is therefore

expected to take place until new tilted molecular configurations
set in in upper layers (according to Goetzen et al., from the
third layer onward).18

To summarize, by combining our STM results with
theoretical calculations of intermolecular, substrate-mediated,
and molecule−substrate interactions, we have been able to put
forward a model that successfully explains the existence of a
dislocation network at the PFP/Ag(111) interface at LT that is
replaced by a moire ́ pattern at RT. Key to this thermal
dependence are the low energies involved in the strain relief as
compared to similar systems at inorganic heterointerfaces. We
thereby take one further step toward understanding the role
and interplay of all of the different interactions that drive the
formation of molecular overlayers at metal−organic interfaces.

■ EXPERIMENTAL SECTION

The Ag(111) sample was prepared by cycles of Ar sputtering at
800 eV at an Ar partial pressure of 2.6 × 10−6 mbar followed by
annealing to 300−400 °C. Deposition of PFP took place at RT
from a homemade Knudsen cell and was monitored with a
quartz crystal microbalance. The sample was subsequently
cooled with LN2 to around 90 K and measured with a VT-
Omicron STM (base pressure < 3 × 10−10 mbar). Constant
current mode was used, with electrochemically etched W tips.
Our PFP/Ag(111) samples were prepared by accurate
monolayer coverage deposition at RT and no postannealing
treatments, instead of the multilayer desorption method used in
previous reports.18,19

■ ASSOCIATED CONTENT

*S Supporting Information
Further details regarding the theoretical DFT calculations,
including energy definitions, comparison of functional perform-
ances, and image charge model for PFP/Ag(111) interaction.
Experimental support for the molecular orientation determi-
nation. This material is available free of charge via the Internet
at http://pubs.acs.org.
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■ ADDITIONAL NOTE

During the review process, we became aware of a new work
published about the PFP/Ag(111) interface as a function of
temperature.40 A structural phase transition is observed starting
at 130 K, in line with our results. However, the transition is
claimed to occur between a commensurate and a disordered
PFP overlayer structure. In this Letter, we prove the
noncommensurate nature of the LT phase and unambiguously
show an ordered PFP monolayer at RT. Differences in the
preparation method could play a role in some of the
discrepancies.

Figure 3. 30 nm x 30 nm images (−1.3 V, 9 pA) of initial (a) and
more advanced (b) stages of second-layer growth. In (b), it becomes
clear that the dislocation pattern is transferred to the second layer.
Arrows mark second-layer dislocation lines.
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1. Energy definitions 

For the DFT calculations it was crucial to separate the energy contributions in two terms: 

i. The PFP-Ag interaction, EPFP-Ag, defined as 

EPFP-Ag = E(PFP@Ag)-E(Ag)-E(PFP); 

where E(PFP@Ag), E(Ag), and E(PFP) are total energies of an adsorbed system, a clean Ag(111) surface, 

and an isolated PFP molecule, respectively. 

ii. The PFP-PFP nearest neighbor interaction, EPFP-PFP, defined as 

EPFP-PFP = [E(PFP1+PFP2@Ag) - E(Ag) - 2·E(PFP)] - [E(PFP1@Ag)-E(Ag)-E(PFP)] - [E(PFP2@Ag) - 

E(Ag) - E(PFP)] = E(PFP1+PFP2@Ag) + E(Ag) - E(PFP1@Ag) - E(PFP2@Ag); 

where E(PFP1+PFP2@Ag) and E(PFPi@Ag); (i = 1;2) are the total energies of an adsorbed system with 

two molecules placed at sites 1 and 2, and an adsorbed system with one molecule place at site i, 

respectively. 

In order to analyze these terms we carried out DFT calculations by means of the GPAW code1, using 

periodic boundary conditions and the Local Density Approximation (LDA). EPFP-Ag (Fig. 2c of the 

manuscript) was mapped using the relative position of the PFP molecule center with respect to the origin 

of the Ag(111) surface unit cell as the coordinate. To model the metal-molecule interface we used a 

super-cell containing three layers of Ag(111) with 7×8 atoms in each layer (20.22 × 23.11 Å). This size 

ensures that the interaction between PFP replicas is negligible. The Ag(111) slab and PFP molecule 

structures were kept fixed. Thus the only degree of freedom was the displacement of PFP molecule over 

the Ag(111) surface. EPFP-PFP was evaluated using the same super-cell, but placing two PFP molecules 

instead of one. The two PFP molecules were arranged in the two different configurations shown in Fig. 2a 

of the manuscript. Again the size of the super-cell guarantees that the interaction between a PFP pair and 

its replicas is insignificant.  The PFP-PFP nearest neighbor interaction was also calculated in vacuo, 

without the presence of the Ag(111) substrate, using the same calculation parameters. EPFP-PFP in vacuo is 

simply defined as 

EPFP-PFP = E(PFP1+PFP2) - 2· E(PFP) 

For both types of calculations, PFP molecules lie flat at Z = 3.14 Å above the surface followed by 12 Å of 

vacuum. We previously determined the distance Z = 3.14 Å, which is very close to the experimental one 

Z = 3.16Å measured by Duhm et al.2,S2 by means of a geometry optimization. The energy of formation of 



the bilayer with respect to the lateral displacement of the layers (Fig. 2d of the manuscript) was also 

mapped similarly to the EPFP-Ag mapping. In this case we only consider two parallel PFP layers in the 

model, without including the Ag(111) substrate. The interlayer distance, D = 3.46Å, was previously 

determined through a geometry optimization and kept fixed during the mapping. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2. Functionals performance for PFP on Ag(111) and Pentacene on Au(111).  

In the case of PFP on Ag(111) the calculated Ag-PFP distances can be compared with the experimental 

one (Z = 3.16 Å) measured recently by Duhm et al.2 Unfortunately, there is no experimental data for the 

PFP/Ag(111) adsorption energy. However, it is possible to compare the calculated and experimental 

adsorption energies for a similar system to PFP/Ag(111), such as Pentacene (PEN) on Au(111). Toyoda et 

al. have studied the performance of GGA, DFT-D and vdW-DFT functional for these two systems. In the 

present work we have completed the study, including the LDA results (see Table 1). Regarding the 

distance in the PFP/Ag(111) system, the closest result to the experimental one is given by LDA. DFT-D 

shows a very good performance as well. By contrast, vdW-DFT and PBE overestimate significantly the 

experimental figure. Concerning the energetics in the PEN/Au(111) system, it is again LDA which 

renders the value closest to the experimental one. Whereas the vdW-DFT value is also in very good 

agreement, DFT-D gives the worst result. These results justify our LDA choice for the calculations in the 

present work.  

 

Table 1. Calculated equilibrium distances (Z) and adsorption energies (Eads) for PFP/Ag(111) and PEN/Au(111) 

using LDA, GGA, vdW-DFT and DFT-D functionals. The experimental distance for PFP/Ag(111) and the 

experimental adsorption energy for PEN/Au(111) are also shown.  

 LDA (PZ) GGA (PBE) vdW-DFT DFT-D Experimental 
 Z(Å) Eads(eV) Z(Å) Eads(eV) Z(Å) Eads(eV) Z(Å) Eads(eV) Z(Å) Eads(eV) 

PEN/Au(111) 3.0e 1.55e 3.7a 0.14a 3.7a 1.66a 3.2a 2.51a --- 1.1b 
PFP/Ag(111) 3.14e 1.34e 4.2c 0.12c 3.7c 1.71c 3.2c 2.40c 3.16d --- 

a Ref.3, b Ref.4, c Ref.5,  d Ref.2, e Present work. 
 

 

 

 

 

 

 

 



3. Image charge model of PFP-Ag(111) interaction 

It has been measured that pentacene molecules on Au(111) do not lie flat parallel to the metal surface, but 

they are tilted7. The cause of this tilting is that  pentacene-pentacene interaction is enhanced through it8. 

However, such a tilting has not been reported for PFP on Ag(111)2. Why is that? One of the main 

differences between PFP and pentacene is that C-F bonds in PFP are strongly polar while C-H bonds in 

pentacene are not. The C-F dipoles in PFP are attracted by metallic surfaces through an image charge 

potential. Figure S1 shows how this attraction decays if the molecule is tilted along its long axis (the same 

happens if the molecule is tilted along its short axis). In the model we have considered the PFP atoms as 

point charges under a classical image charge potential (V = -Z/4, where Z is the height of the molecule 

above the metal surface). We have used the calculated Bader charges9 (fluorine are negative charged and 

the carbons of the edges are positively charged, whereas the inner carbons are neutral). The molecule is 

tilted along its long axis imposing the condition that the closest atom of the PFP to the Ag(111) surface 

remains at Z=3.14 Å. The model shows that most of the binding energy between PFP and the Ag(111) 

surface comes from the image charge potential (0.8 eV). It also shows that the image charge potential is a 

driving force to keep polar molecules parallel metallic surfaces. 

 

Figure S1. Image potential binding energy of PFP in Ag(111) vs. the tilting angle along the long axis of the 
molecule (red arrow in the inset figure) for a fixed PFP-Ag distance Z=3.14 Å. Positive energies mean attractive 
interaction. 



4. Experimental determination of the azimuthal molecular orientation 

Well-defined steps are known to follow preferentially the compact high-symmetry directions of the 

crystal. Figure S2 shows an STM image of the PFP layer on a Ag(111)  region with well-defined parallel 

steps along the [1-10] direction. The dislocation lines precisely follow the direction of these steps.  

Alternatively, due to the C6 symmetry of the underlying silver surface, in combination with the oblique 

unit cell of the PFP overlayer, six distinct domains are observed: three rotational domains plus their 

corresponding twin domains, to which they are related by reflection through a plane along a high-

symmetry direction. Analysis of the orientations of twin domains allows the determination of the 

substrate high-symmetry directions. Comparison of such direction with that of the dislocation lines 

corroborates their parallel alignment.   

 

Figure S2. STM image of PFP/Ag(111) in a region of well-defined parallel substrate steps known to follow the [1-
10] direction. The inset represents the hexagonal arrangement of the Ag surface atoms, with the [1-10] and [0-11] 
directions marked in red. The same directions are over imposed on the STM image.  
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