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the other hand, while it is generally acknowledged that the pres-
ence of periodic molecular arrays may perturb the substrate elec-
tronic structure25–27, the role of direct molecule-surface bonding
has been rarely investigated.

7,7’-8,8’-tetracyano-p-quinodimethane (TCNQ), together
with its derivate 2,3,5,6-tetrafluoro-7,7’,8,8’-tetracyano-p-
quinodimethane (F4-TCNQ) and the parent molecule tetra-
cyanoethylene (TCNE), form a well known group of strong
molecular electron acceptors. They have been regarded as
promising building blocks for potential applications in mag-
netic28,29, optics30,31, and electronics32,33 molecular devices.
Recent studies on the adsorption of TCNQ on Au(111)34,35

have revealed that the interaction between the molecule and
the surface is rather weak, and the charge transfer between
them negligible. The observed self-assembled structure has been
claimed to be the result of the stabilization induced by N· · ·H
hydrogen bonds between neighbouring molecules. A very similar
arrangement has also been found when the same molecules are
deposited on graphene grown on Ir(111)36.

On the other hand, a charge transfer-mediated strong
molecule/subtrate interaction appears to be an important fac-
tor governing the adsorption of this family of molecules on low-
index copper surfaces37–39. In particular, the bonding between
the molecular cyano groups and the surface atoms is strength-
ened as a result of the transfer of electrons from the surface to the
molecule, which charges it negatively and enhances its flexibility.
Such strong interaction not only modifies the molecular charge
state and geometry, but also induces a complex surface recon-
struction, which in turn mediates the molecular self-assembly pro-
cess39. Adsorption-mediated surface reconstructions have also
been observed for TCNE on the same surfaces40.

On Cu(111), most of the studies the have been focused on
properties of the isolated molecules, rather than their monolay-
ers. It has been demonstrated that TCNE co-exists in several dif-
ferent adsorption configurations, each one having different elec-
tronic properties depending on the extent of the molecular de-
formation41. The interface between an isolated F4-TCNQ37,38

molecule and the Cu(111) surface has been also found to involve
a strongly bent molecular geometry, as a result of the strong inter-
action with the metal. Recently, it has been suggested that such
interaction is thermally activated42.

Early studies on TCNQ/Cu(111)43,44 have pointed out that,
in analogy with TCNQ/Cu(100) and F4-TCNQ/Cu(111), the
molecules are negatively charged upon deposition on the surface.
After adsorption at room temperature, and subsequent imaging at
77K, the absence of isolated molecules on the terraces has been
interpreted as a sign of the strong inter-molecular interaction and
high mobility at room temperature44. Disordered regions have
been found to co-exist with a variety of different ordered patterns
organized in small domains. In this work, we use scanning tun-
nelling microscopy (STM) under ultra-high vacuum (UHV) condi-
tions to show that, by tuning the experimental growth conditions,
it is possible to control the formation of the different superstruc-
tures of TCNQ on Cu(111), which can thus be grown in much
larger and homogeneous domains. We complement these exper-
iments by accurate calculations based on density functional the-

ory (DFT) including van Waals (vdW) interactions for both the
isolated molecule and the two observed superstructures. We ar-
gue that the two superstructures are formed by two mutually or-
thogonal adsorption configurations of the isolated molecule. The
relative energetic stability of the models of the two superstruc-
tures based on these two configurations is in agreement with the
experimental observations.

2 Experimental details

The experimental measurements have been performed in an
ultra-high vacuum (UHV) chamber with a base pressure of
3×10−11 Torr equipped with a variable temperature scanning
tunnelling microscopy (STM). The Cu(111) crystal has been
cleaned according to usual cycles of Ar+ ion sputtering (1.5
keV) followed by annealing to 900K. The TCNQ molecules (solid
compound) have been sublimated at 350K from a glass crucible
heated by a tungsten filament. The STM images have been mea-
sured at room temperature (RT) by a variable temperature STM
which has been operated in the constant current mode using
etched tungsten tips cleaned in UHV45.

3 Computational details

The theoretical analysis has been performed using Density Func-
tional Theory (DFT) and the projector augmented wave (PAW)
method46,47 to describe the ionic cores, as implemented in
VASP 48.

The adsorption of aromatic molecules on metals is a theoretical
challenge, due to the significant contribution of the van der Waals
interactions to the van der Waals adsorption energy and geome-
try49,50. Such contributions are missing in most common used
functionals within the local (LDA) and the generalized-gradient
(GGA) approximations, usually employed to model solid-state
systems and surfaces within DFT51. To overcome this short-
coming, we have used two different approaches that consider
explicitly the dispersion component in the evaluation of the to-
tal energy. In the first one, the vdW contribution has been in-
cluded using a semi-empirical potential on top of the DFT energy
(DFT+D2)52, calculated employing the GGA/PBE functional53.
Although this approach has been successfully used to describe
the geometries of organic molecules and monolayers on metal-
lic substrates49,50,54,55, it is also known to overestimate their ad-
sorption energies, due to the neglect of the expected screening of
the metallic substrate49,56. Therefore, we have also checked the
reliability of the results obtained with DFT+D2 by performing
a second set of calculations with the vdW-DF functional57, us-
ing the OPT86B exchange term58,59. Since the latter approach is
computationally much more expensive than the former, we have
used the DFT+D2/PBE method during the structural optimiza-
tions, and computed the vdW-DF total energies by performing
single-point calculations on the DFT+D2/PBE optimized geome-
tries.

To model the isolated TCNQ molecule on Cu(111) we have
used a four-layer slab and a 5×6 surface unit cell. The surface lat-
tice parameter of Cu(111) has been set to the experimental value
a = 2.56 Å60. The structures have been optimized sampling the
Brillouin zone at the Γ-point with a convergence criterion for the
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Fig. 1 STM image (450 Å × 410 Å) displaying the TCNQ arrangement
after deposition at room temperature. Vs=+1 V and It=0.1 nA. Inset:
Schematic ball-and-stick representation of TCNQ molecule.

forces equal to 0.01 eV/Å. During the structural optimization, the
two topmost surface layers and the molecule have been allowed
to move. The total energies have been then computed using a
regular grid of 3×3×1 k-points (for some selected calculations a
5×5×1 k-points grid has been also used). The transition paths
between different configurations have been computed using the
Climbing-Image Nudged Elastic Band (CI-NEB) method61, and a
3×3×1 k-points grid.

Two different models of the full TCNQ monolayer on Cu(111)
have been also considered, corresponding to the two superstruc-
tures observed experimentally. The models have been described
using supercells of different size. For that representative of the
complex one, we have used 288 Cu atoms (4 metal layers) and 5
TCNQ molecules, while for that representative of the orthogonal

one we have used 136 Cu atoms (4 metal layers) and 2 TCNQ
molecules. We have optimized both structures sampling the Bril-
louin zone at the Γ-point with a convergence criterion for the
forces of 0.05 eV/Å, allowing the two topmost metal layers and
the molecules to relax. In order to ensure that the computed ad-
sorption energies were meaningful despite of the different unit
cells employed, we have checked that the calculated trends in the
adsorption energy are maintained when the number of k-points
is increased, by computing the adsorption energies of the com-

plex model using a Γ point only and a Γ-centered 2×2×1 k-points
meshes, and the adsorption energies of the orthogonal model us-
ing a 3×3×1 and a 5×5×1 k-points meshes. In all the supercells
considered, a vacuum layer larger than 15 Å has been used. STM
images have been calculated using the Tersoff-Hamann approxi-
mation62.

4 Experimental results

TCNQ molecules evaporated under UHV conditions on Cu(111),
with the substrate held at room temperature, tend to form aggre-

Fig. 2 (a) STM image (500 Å × 500 Å) acquired with Vs=+1.4 V and
It=0.3 nA displaying highly ordered structure of TCNQ/Cu(111). The
TCNQ molecules are deposited with the substrate at room temperature
and afterwards a short annealing at 350K is done. (b) High resolution
STM image of the complex structure (Vs=+1 V and It=0.1 nA). A
proposed model of the structure (considering non-deformed molecules)
is represented and superimposed over the STM image. The white
rhomb with a long diagonal of 47.6 Å and the short one of 19.5 Å
represents the unit cell.
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Fig. 3 (a) STM overview (400 Å × 400 Å) acquired with Vs=-1 V and
It=0.08 nA displaying highly ordered compact structure of
TCNQ/Cu(111), performed by deposition on Cu(111) held at 350 K. (b)
High resolution STM image (Vs=+1 V, It=0.08 nA) of the orthogonal

compact structure. A proposed model of the structure (considering
non-deformed molecules) is represented and superimposed over the
STM image. The white parallelogram with a lateral size of 16 Å and 8 Å
measured form the STM images represents the unit cell.

gate into large islands on the terraces. The molecular films grown
under these conditions lack of long-range ordered domains, as
shown in figure 1, where small domains of ordered molecules
coexist with disordered regions. Similar results were previously
obtained by Kamna et al.44. The observation of the coexistence
of multiple local TCNQ arrangements suggests the coexistence of
different adsorption configurations for TCNQ on Cu(111). At this
point, it is also worth noticing that the absence of isolated TCNQ
molecules in the STM images, which was already noticed in the
experiments by Kamna et al.44, seems to indicate high mobility
of the molecule on Cu(111) at room temperature.

Long range domains can be achieved by annealing the sam-
ple, up to 350K, after TCNQ deposition at RT. Annealing in fact
allows the molecules to rearrange according to the minimum en-
ergy configuration by increasing their kinetic energy. At differ-
ence with the image shown in figure 1, STM images taken after
annealing show highly ordered domains extending more than 150

nm (see figure 2a). The local arrangement of the molecules can
be described by a rhombus-shape unit cell containing five TCNQ
molecules. In figure 2b we show an sketch of a model that can
account for the TCNQ arrangement observed experimentally, in
which the unit cell presents a rhombus-shape. The lateral size
of the unit cell measured in the STM images gives a length of
47.6 Å for the long diagonal and 19.5 Å for the short one. These
values agree well with those obtained in the calculations (see be-
low). The unit cell of this structure can be described in matrix
notation as

(

7 −4
11 4

)

based on the DFT calculation model (see be-
low). In this complex structure, the three TCNQ molecules at the
center of the unit cell locally arrange perpendicular to the unit
cell long axis, whereas the remaining two molecules at both ends
of the unit cell arrange parallel to the unit cell long axis. High-
resolution measurements performed at 4.6K fully support this as-
signment, showing that the two molecules at both ends of the unit
cell are orthogonal to the three central ones.

A different scenario occurs if the TCNQ deposition is carried out
keeping the substrate temperature at 350 K. In this case, a new
molecular arrangement is observed (see figure 3a). In this new
arrangement the TCNQ molecules form an orthogonal structure in
which two neighbouring molecules are rotated by 90◦ one with
respect to the other (see figure 3b). In this figure we present a
model that can account for the observed arrangement. In this
case, the unit cell is a parallelogram that contains two molecules,
has a lateral size of 16 Å×8 Å and is described in matrix notation
as

(

6 0
5 4

)

. Also in this case, this assignment in which two molecules
in each unit cell are mutually orthogonal is fully supported by
high-resolution measurements at 4.6K.

The presence, in the two stable structures, of molecules perpen-
dicular to each other implies that at least two different adsorption
configurations occurs in the TCNQ monolayer on Cu(111) sur-
face, as the latter has hexagonal symmetry.

5 Theoretical results

The formation of the two patterns observed experimentally can
not be explained by considering only the intermolecular inter-
actions as the driving force for the assembly. In both cases, the
close vicinity of the electronegative cyano groups of neighbouring
molecules would result in an unfavourable electrostatic repulsion,
preventing the formation of an ordered monolayer in extended
domains. Therefore, other effects balancing the unfavourable in-
termolecular interactions must be present, as also suggested by
the fact that the different superstructures can be obtained de-
pending on the precise experimental conditions.

Fig. 4 shows the two lowest energy configurations, among all
those considered, for an isolated TCNQ molecule adsorbed on
Cu(111), as calculated using DFT+D2/GGA. The geometry of
the most stable configuration (T1, see table 1) is shown in fig-
ure 4a,b. The calculated adsorption energy of 3.72 eV (3.30 eV
using the vdW-DF and the same k-points grid) is indicative of a
strong interaction between the molecule and the surface. In this
geometry the long axis of the molecule is aligned with the surface
high symmetry direction [12̄0]. The molecule is strongly bent,
with the phenylene ring lying on top of a Cu atom and 3.33 Å
over the surface plane, 1.31 Å above the four N atoms (see table
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Table 1 Adsorption energies (calculated with different levels of theory and k-point meshes) of the most stable configuration (T1) and second most
stable configuration (T2) for an isolated TCNQ molecule with its ring on top of a copper atom. The adsorption energies for the isolated molecule
having its ring placed at the bridge site (B), is also shown.

Config. EDFT/GGA (eV) EDFT+D2/GGA (eV) EOPTB86 (eV)
T1 -1.35a -3.72a -3.30a

-3.63b

T2 -1.12a -3.67a -3.22a

-3.56b

B -0.47a -2.69a -2.34a

-2.58b

a 3×3×1 k-point mesh
b 5×5×1 k-point mesh

Fig. 4 Top (a) and side (b) views of the optimised geometry of TCNQ
molecule adsorbed on Cu(111) obtained at the DFT+D2/GGA level of
theory. Cu, C, N, and H atoms are printed in brown, cyan, blue and
white, respectively. Cu atoms which are elevated from the surface of 0.2
Å are printed in yellow. (c) Electronic density redistribution (∆ρ) upon the
adsorption of an isolated TCNQ molecule on Cu(111) in the
configuration correspondent to the global minimum. Blue and red
colours indicate electronic density accumulation (∆ρ > 0) and depletion
(∆ρ < 0), respectively. Isosurface value is set to 0.01 e−/Å3. The results
for the lowest local minimum configuration are shown in (d), (e) and (f).
(g) Highest occupied molecular orbital (HOMO) and (h) lowest
unoccupied molecular orbital (LUMO) of neutral gas-phase TCNQ. Red
and blue color in (g,h) indicate the positive or negative sign of the wave
function.

Fig. 5 (color on line)Interconversion between the two adsorption
configurations shown in Figure 4, calculated using the CI-NEB method.
(a) Top view of the geometries and energies relative to the most stable
adsorption configuration (T1), the configuration at the maximum of the
barrier (MAX), and the second most stable configuration (T2). Cu, C, N
and H atoms are printed in brown, cyan, blue and white, respectively. (b)
Reaction path for the interconversion. In both axis, the 0 is placed at the
most stable adsorption configuration.

2). The Cu atoms sitting right below the cyano groups are lifted
up by 0.18 Å with respect to the surface plane, similarly to what
observed previously for TCNQ/Cu(100)39 and TCNE/Cu(100)40.
As in the case of TCNQ/Cu(100)39, the bending of the molecule
occurs because of the charge transfer from the surface, which de-
stroys the typical conjugation of gas-phase TCNQ, enhancing its
conformational freedom. Indeed, an analysis of the charge trans-
fer based on Bader partition of the electronic density63 indicates
that, upon adsorption on Cu(111), the molecule gains about 1.4
electrons, and that the negative charge is concentrated on the ni-
trogen atoms. The comparison between the charge redistribution
upon TCNQ adsorption (Figure 4c) and the frontier molecular or-
bitals of gas-phase TCNQ (Figure 4g,h) support the idea that the
electrons are transferred from the surface to the LUMO of the neu-
tral molecule. Similarly to the case of F4-TCNQ on Cu(111)37 and
Ag(111)64, there is also a weaker back-donation to Cu(111) from
deeper molecular orbitals localised mainly on the cyano groups.

The geometry of the second most stable configuration (T2,
see figure 4d,e) is aligned with the surface [11̄1] high symme-
try direction. By comparing the relevant molecular parameters
of the two configurations in table 2, it can be seen that, when
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- Undeformed

- Non-interacting

- Deformed

- Non-interacting

- Deformed

- Interacting

+

+

+0.97

+1.31

-3.67
-3.72

0.00
0.00

T1

T2

Fig. 6 Energy decomposition diagram calculated for minima T1 (blue
line, squares) and T2 (red line, circles). The values reported at each
step correspond to the overall energy variation with respect to that given
by the sum of the undeformed, non-interacting fragments. The energy
variation ∆E on the Y-axis is scaled with respect to that given by the sum
of the two undeformed, non-interacting fragments. The insets show the
geometries used to calculate each energy contribution at each step for
minimum T1.

Table 2 Relevant geometrical parameters of the optimised geometries
of isolated TCNQ on Cu(111), calculated at the DFT+D2/GGA level of
theory. Distance between the N and the Cu atoms (dN−Cu), distance
between the phenylene groups and the Cu atoms (dphenyl−Cu) and
displacement of Cu atoms respect to the average Cu(111) surface plane
(dshift). The labels for the different configurations are the same as in
table 1.

Config. dN−Cu (Å) dphenyl−Cu (Å) dshift (Å)
T1 2.02 3.33 0.18
T2 2.10 3.07 0.10
B 2.07 3.17 0.21

the molecule is adsorbed in the T2 configuration, the phenylene
ring lies closer to the surface (3.07 Å), 0.97Å above the four ni-
trogen atoms, i.e, the molecular geometry is flatter than in T1.
The larger distance between the TCNQ nitrogen atoms and the
underlying Cu atoms, and the smaller displacement of the latter
from the surface plane, suggest that in this case the Cu-N bond-
ing is weaker than in the case of the T1 configuration, which is
consistent with the lower adsorption energy.

When the molecular aromatic ring sits above a bridge site (B
configuration), the picture is slightly different. Even if the geo-
metrical parameters (see table 2) suggest a stronger interaction
between the cyano groups and the surface than that present for
the molecule having the T2 configuration, the adsorption energy
is only -2.69 eV (see table 1), 0.98 eV lower than that of T2
(DFT+D2/PBE level of theory and 3×3×1 k-points grid, see ta-
ble 1). This last result remains unchanged if the vdW-DF is em-
ployed. This means that, in addition to the hybridization of the
cyano groups with the surface, also the position of the aromatic
ring above the surface has an influence in determining the ener-
getics of adsorption.

The adsorption energy of T1 and T2 differs only by 50 meV (80

Fig. 7 (a) Optimized geometry of the complex structure obtained at the
DFT+D2/PBE level of theory. Colour code for atoms is the same as in
figure 4. (b) Simulated STM topography of the same structure for an
applied bias voltage Vs = +1.0 V.
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Table 3 Adsorption energies of the complex and orthogonal geometries of a full monolayer of TCNQ molecules, calculated at different levels of
theory and different sets of k-points.

Configuration EDFT/GGA (eV/molecule) EDFT+D2/GGA (eV/molecule) EOPTB86 (eV/molecule)
complex -1.24a -3.69a -3.36a

-3.65b -3.31b

orthogonal -0.92c -3.23c -2.96c

-3.24d -2.99d

a 1×1×1 k-point mesh c 3×3×1 k-point mesh
b 2×2×1 k-point mesh d 5×5×1 k-point mesh

Fig. 8 (color on line)(a) Optimized geometry of the orthogonal structure
monolayer obtained at the DFT+D2/PBE level of theory. Color code for
atoms is the same as in figure 4. (b) Simulated STM topography of the
same structure for an applied bias voltage Vs = +1.0 V.

meV using the vdW-DF). Figure 5 shows the energy path for the
interconversion between these two configurations. It can be seen
that no other minima are present along this path, and that the
barrier calculated using DFT+D2 is fairly high (0.63 eV).

The DFT+D2 energy decomposition diagram associated with
the interaction between the isolated molecule and the Cu(111)
surface for minima T1 and T2, shown in figure 6, provides
an insight into the role of the deformations of each fragment
in the energetics of the adsorption process. In the case of
T1, the energy loss associated with the deformation of the
molecule, ∆Edef., TCNQ(T1) = +0.74 eV, and of the substrate
∆Edef., Cu(111)(T1) = +0.57 eV, from they initial ground state ge-
ometry, leads to an overall increase in energy ∆Edef.(T1) = +1.31
eV. The latter is larger than the overall energy increase calcu-
lated for T2, ∆Edef.(T2) = +0.97 eV, for which ∆Edef., TCNQ(T2)
= +0.35 eV and ∆Edef., Cu(111)(T2) = +0.63 eV. However, the
energy gain associated with the interaction of the distorted frag-
ments is larger for T1, ∆Eint.(T1) = +5.03 eV, than for T2,
∆Eint.1(T2) = +4.64 eV, leading to a larger stability of the T1
minimum with respect to the T2 minimum. The origin of such
trend can be understood by considering that the larger distor-
tions in T1 lead to a more favourable overlap, compared to T2,
between the molecular orbitals involved in the molecule-surface
bonding and the Cu(100) electronic bands, resulting in the larger
stability of T1 with respect to T2. Overall, the results obtained
for the isolated TCNQ molecule on Cu(111) suggest that, among
all the possible adsorption configurations considered, the T1 and
T2 configurations shown in figure 4 will be the most frequently
occupied.

Indeed, a mixture of the T1 and T2 configurations is well
suited to construct the two superstructures observed experimen-
tally. Figure 7(a) and figure 8(a) show the optimized geometries
of the complex and orthogonal superstructures, respectively, con-
structed by using geometries T1 and T2 as building blocks. The
simulated STM images shown in figure 7(b) and figure 8(b) are
in excellent agreement with the experimental data, demonstrat-
ing the reliability of these two models in describing the observed
patterns. In the monolayer, each molecule behaves very simi-
larly as in the isolated case. The charge transfer between each
molecule and the surface (1.3 electrons/molecule, according to
Bader’s analysis of the electronic density) enhances the molec-
ular flexibility, strengthening the interaction between the cyano
groups of the molecule and the underlying Cu atoms.

Table 3 lists the adsorption energies of the two superstructures
calculated at different levels of theory and k-points meshes. It
can be seen that, independently of the functional and k-points
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mesh used, theory predicts the complex structure to be favoured
over the orthogonal one by ∼0.3 eV/molecule. The higher sta-
bility of the complex structure is in agreement with the experi-
mental observation that an annealing treatment leads to the for-
mation of large areas of this pattern. As speculated previously
in the case of F4-TCNQ38, the lower adsorption energies of the
monolayer, compared to those of the isolated molecule, might
be due to the small lattice parameter of Cu(111), which forces
the molecules in the densely packed layer to adopt an highly dis-
torted geometry. Furthermore, it should be noticed that the inter-
conversion energy barrier between the T1 and T2 configurations
is considerably larger than that corresponding to the tempera-
ture at which the experiments are carried out. As the chemistry
involved in this interconversion process can be expected to be
rather similar to that associated with the transition from the com-

plex to the orthogonal self-assembled structures, it is reasonable
to assume that the two processes will have comparable energy
barriers. This explains why a spontaneous interconversion be-
tween the two self-assembled structures is not observed even in
the room-temperature experiments.

The higher stability of the complex pattern, in addition to the
higher T1:T2 ratio, can be associated with its sparser packing. On
the one hand, the strain induced by the surface reconstruction,
due to the molecular adsorption, will be accommodated more ef-
ficiently, if large areas of free surface are present within the mono-
layer structure. Indeed, this is the case for the complex struc-
ture, which presents relatively large portions of the unit cell in
which the Cu(111) substrate remains exposed even after adsorp-
tion. This characteristic is reflected also in the the larger surface
area available per molecule (81.26 Å2/molecule) compared to the
denser orthogonal one (67.72 Å2/molecule). On the other hand,
the complex structure also presents a larger variety of bonding
patterns involving the electronegative cyano groups than the or-

thogonal one. In both structures, the unfavourable contribution
deriving from the close vicinity of the negatively charged cyano
groups belonging to neighbouring TCNQ molecules is counterbal-
anced by the upward shift of the underlying copper atoms. How-
ever, in the orthogonal geometry, every nitrogen atom bonded to
the surface is close to other three nitrogen atoms. Whereas the
complex structure also presents bonding situations in which each
nitrogen has only two other neighbours. This will decrease the
average number of neighbours per nitrogen atoms in the complex

structure (2.4 neighbours/atom), with respect to the orthogonal

structure (3 neighbours/atom). While the favourable contribu-
tion per Cu-N bonding pair is comparable in the two structures
(all the copper atoms below a nitrogen atom tend to relax out-
ward by the same amount), the smaller electrostatic repulsion
within each unit cell will tend to favour energetically the complex

structure.

6 Conclusions

In this paper we have shown that the self-assembly pattern ob-
tained by depositing TCNQ molecules on Cu(111) under UHV
conditions can be controlled by varying the growth conditions
under which the molecular deposition is carried out. A complex

structure, with five molecules per unit cell, is formed if the molec-

ular deposition proceeds by keeping the substrate at room tem-
perature and then annealing up to 350K, whereas an orthogonal

structure, with two molecules per unit cell, is obtained by deposit-
ing the molecule while keeping the substrate temperature fixed at
350 K. A theoretical analysis based on accurate density functional
theory (DFT) simulation shows that the two superstructures are
possible due to the presence of two almost degenerate adsorp-
tion configurations for the isolated TCNQ on Cu(111). The ex-
perimental results suggest a kinetic origin of the interconversion
process. Theoretical simulations, which provide additional infor-
mation on its thermodynamics, show that when these two con-
figurations are considered as building blocks for the observed su-
perstructures, the model representative of the complex structure
is energetically more stable than that representative of the orthog-

onal one.
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Two polymorphic structures of TCNQ on Cu(111) can be formed by varying the condition under which 

deposition is carried out.  
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