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Abstract

We find that for adsorbed terephthalic acid (TPA) molecules, surface Sn alloying
deactivates the Cu(001) surface by decoupling the adsorbed molecules from the sub-
strate. This effect is investigated for the case of the 0.5 ML phase of the Sn/Cu(001)
surface alloy by applying fast X-ray Photoemission Spectroscopy, Scanning Tunnel-
ing Microscopy, Near-Edge X-ray Absorption Fine Structure spectroscopy and Density
Functional Theory calculations. The experimental results conclusively show that the
deprotonation reaction of the carboxyl groups occurring in the clean Cu(001) is fully
inhibited on this Sn/Cu(001) surface alloy, which allows the molecules to form two-
dimensional arrays stabilized by [OH- - -O] hydrogen bonds. The formed arrays exhibit
a crystal structure that is practically indistinguishable from that theoretically obtained
for unsupported TPA sheets, suggesting an extremely weak molecule/substrate interac-
tion. This is supported by DFT calculations of the adsorption energy landscape of the
TPA sheets formed on the Sn/Cu(001) template: the lateral variation of the adsorption
energy (corrugation) is estimated to be less than 0.2 eV, with an adsorption energy per
molecule in the range 1.6-1.8 eV and a contribution of each double [OH- - -O] bond of 1
eV. Finally, the performed thermal desorption experiments show that the TPA sheets
remain stable on the surface alloy until their desorption. From these experiments, a
value of 1.5 eV was determined for the desorption energy barrier, which is consistent
with the important contribution of the [OH---O] bonds to the stability of the sheets
as theoretically predicted. The results reported in this study suggest that a gradual
activation of the interaction between the TPA molecules and the Cu(001) surface will
also be obtained for decreasing Sn coverage.

KEYWORDS: TPA, Adsorption, Desorption, Hydrogen, Bond.
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Introduction

The production of laterally-nanostructured supramolecular architectures on metallic surfaces
has received considerable attention in the last few years for both single '® and mixed com-
ponents.?® Specially interesting are the two-dimensional networks based on hydrogen bonds

and metal-ligand interactions since these systems would have a wide range of applications

6 7,

in organic electronic,® magnetic devices,”® catalysis,? etc. An effective route to control the
intermolecular assembly is that of employing molecules with terminations suitably function-
alized to match the electron affinity of neighboring companions. 450 In any case, the inter-
action of the terminal groups with the substrate plays a crucial role affecting the molecular
self-assembly as well as the chemical and electronic properties of the resulting interfaces. 2715
In this article we present the Sn/Cu(001) surface alloy as a novel and adaptable template
for the formation of H-bonded organic structures. In fact, Sn alloying was previously re-
ported to affect the chemical reactivity of Pt'%2% and Pd?* 26 surfaces. Here we show that
the Sn/Cu(001) alloying effectively decreases the substrate reactivity, hence dramatically
changing the energy landscape of molecular adsorption and intermolecular bonding.

At room temperature (RT), Sn atoms deposited on Cu(001) surfaces replace the Cu
atoms in the outmost substrate layer producing a bimetallic surface alloy. The alloying effect
occurs for Sn submonolayer coverage up to 0.5 monolayer (ML) giving rise to a variety of
commensurated phases.?” In order to test the proposed substrate, we analyzed the adsorption
and self-assembly properties of terephthalic acid (TPA) molecules on the phase formed at
0.5 ML. In this phase (see Figure 1), the Sn:Cu composition of the outmost layer is not 1:1
but 3:2 due to the formation of Cu vacancies. At room temperature (RT), the vacancies
are ordered forming rows oriented along the < 100 > crystallographic directions, causing a
(3\/§>< \/§)R45° reconstruction. 28 It is also worth noting that this reconstruction undergoes a
reversible order-disorder transition to a (v/2x+/2) R45° phase when the temperature increases
29,30

above 360K, which is related to the disordering of the Cu vacancies.

TPA can be regarded as the basic building block of rod-like polybenzene dicarboxylic
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Figure 1: Left: Schematical drawings of a TPA molecule and of the (3v/2 x v/2)R45° recon-
struction formed by 0.5 ML of Sn atoms (white-grey) on the Cu(001) substrate (orange).
Right: Filled-state STM image of the (3\/§ X \/§)R45o phase taken with a bias voltage of
-0.05 V and a reference current of 2 nA. Only the Sn atoms are seen.

acids, a family of molecules which has been widely used as linkers to build interesting two-

7,31

dimensional (2D) supramolecular structures. *! The versatility of these molecules is strongly

related to the properties of the carboxyl groups (RCOOH). While on Cu(001) surfaces only
a small fraction of carboxyl groups remains protonated at RT, > on Au(111) surfaces?®?33
and on a graphene layer grown on Ni(111)3* the TPA molecules remain neutral forming H-
bonded sheets. This work shows that the main effect of Sn alloying is to reduce the chemical
reactivity of the Cu(001) surface with respect to the carboxyl groups to such an extent that
the deprotonation reaction observed on the bare substrate is fully inhibited. TPA molecules

are then left free to organize into regular arrays stabilized through intermolecular hydrogen

bonds.

Methods

The experiments of Scanning Tunneling Microscopy (STM) were carried out at the Centro

Page 4 of 25

Atémico Bariloche, Argentina, using an ultra-high vacuum system from Omicron-Nanotechnology.

The preparation of the (3v/2 x v/2) R45° phase and the deposition of the TPA molecules were
carried out by following the same procedures described in our previously-publised works. 142

All the STM images reported in this work were taken at RT using W tips.
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The experiments of X-ray Photoelectron Spectroscopy (XPS) and of Near-Edge X-ray
Adsorption Fine Structure (NEXAFS) spectroscopy were carried out at the ALOISA beam
line® of the ELETTRA synchrotron, at Trieste. The XPS spectra, taken with a photon
energy of 655 eV, were measured at grazing incidence (4°) and in normal emission by means
of a hemispherical electron analyzer with angular acceptance of 2° and an overall energy
resolution of 250 meV. Four energy windows centered on the regions of the Fermi edge and
the Cu 3p, C 1s and O 1s core levels, were typically acquired by means of a 2D delay-line
detector.3® The desorption curves were obtained by monitoring during sample annealing the
corresponding core level in snap-shot acquisition mode, which requires a lower kinetic energy
resolution (600 meV) to collect the whole core level peak profile within a single shot (2 sec)
of the 2D detector.

NEXAFS spectra at the carbon K-edge have been taken by means of partial electron
yield with a channeltron facing the sample and a negatively biased grid in between for
rejecting low energy secondary electrons (bias of -250 V). The photon energy resolution was
set to about 75 mV. Absolute energy calibration has been obtained a posteriori through the
carbon absorption signal observed in the [y drain current, as measured on the metal coating
of the refocusing mirror, that was independently calibrated by simultaneous acquisition of
the gas phase absorption spectra from CO.37 The spectra have been collected by keeping
the sample at constant grazing angle of 6 degrees, while rotating the surface around the
photon beam axis in order to switch from Transverse Magnetic ('p’) to Transverse Electric
(’s’) polarization. Further details about the scattering geometry can be found in Ref. %> To
compensate for the variation of the photon flux across the K-edges, we have normalized the
NEXAFS spectra from the TPA overlayer to the spectra taken from the bare Sn/Cu(001)
substrate.

The calculations based on the Density Functional Theory (DFT) were performed using
the QUANTUM ESPRESSO package,3® which is an implementation of the plane-wave with

ultrasoft-pseudopotentials approach. The exchange-correlation effects were treated using the
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second version of van der Waals density functional (vdW-DF) 3942 with improved exchange. *3
For the surface calculations we have used the slab method, with five Cu layers with the Sn
alloy in the topmost layer. For all the calculations, we fixed the two lower layers while all
other atoms are allowed to relax. We used a wave-function/charge cutoff of 30/300 Ry, and
Brillouin integrations were done using a grid equivalent to 12 x 12 x 1 k-points for the surface
unit cell. For a given configuration corresponding to N molecules adsorbed on the surface,

the mean adsorption energy per molecule is calculated by

i Etotal - Esurface - NHEads(H)
N

Eoas(TPA) = — Erpa (1)

where: Fioa 18 the total energy of the system with the adsorbed molecules; Fgyiface is the
total energy of a clean surface with the same area; Ny is the number of dissociated H atoms;
FE.qs(H) = 0.18 eV corresponds to adsorption energy of H atoms on a clean Cu(001) surface;

and Erpy is the total energy of an isolated TPA molecule.

Results and Discussion

To characterize the adsorption properties of the TPA molecules deposited onto the (3\/§ X
V/2)R45° phase from the chemical point of view, we measured high-resolution XPS spectra
of the O1s and Cls core levels. Figure 2(a) shows a representative O1s spectrum of a sample
prepared by depositing less than 1 ML of molecules onto the Sn alloyed Cu(001) surface
kept at RT. The spectrum shows the typical double-peak lineshape produced by the two
inequivalent oxygen of the carboxyl groups.? Specifically, the peaks at 533.6 and 532.3
eV correspond to the OH and C=O groups, respectively. In addition, the shift of 1.3 eV
between these peaks indicates that the carboxyl groups are forming [OH--- O] hydrogen
bonds. **® Therefore, this Ols spectrum reveals that, in contrast to the case of the bare
Cu(001) surface, all the TPA molecules remain complete at RT and interacting through

hydrogen bonding. The same conclusion can be derived from the corresponding C1s spectra
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(See the Supplementary Information, SI).
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42 Figure 2: a) Ols photoemission spectra obtained for a submonolayer coverage of TPA on
43 the 0.5 ML Sn/Cu surface alloy at room temperature b) series of Ols spectra measured as
44 a function of the substrate temperature using a fast-XPS mode. c) Total intensity of the
O1ls and Cls spectra vs substrate temperature. The continuos black line corresponds to a
47 first-order Polanyi-Wigner model (see text and the SI).

50 To investigate the stability against deprotonation of the carboxyl groups of the TPA
52 molecules adsorbed on the 0.5 ML Sn/Cu(001) surface alloy, we measured the Ols and Cls
54 core levels as a function of substrate temperature; we started from a sample prepared at 240K
56 with a heating rate of approximately 40 K/min. It is worth mentioning that the evolution of

58 each core level was independently obtained from different samples. Figure 2(b) shows four

7
ACS Paragon Plus Environment


http://pubs.acs.org/action/showImage?doi=10.1021/jp404983n&iName=master.img-001.jpg&w=210&h=395

©CoO~NOUTA,WNPE

The Journal of Physical Chemistry

O1ls spectra that are representative of the whole Ols series measured in real time during the
annealing of the sample, where the first spectrum corresponds to the sample as prepared.
We note that the initial double-peak structure is clearly observable in the spectrum recorded
at 367K even when it shows a significant decrease of intensity. In contrast, the spectrum
corresponding to 393K indicates a totally different situation. There is a single peak with
an intensity of about 5% of the initial one. This spectrum shape remains unchanged as
the temperature increases until 430K. Importantly, the (3v/2 x v/2)R45° reconstruction was
found to survive the thermal desorption experiment, as follows from the RHEED pattern
observed after the TPA desorption.

The results of the thermal desorption experiments are summarized in Figure 2(c) where
the normalized intensities of both the Ols and C1s core-level photoemission spectra are shown
as a function of the substrate temperature. Notably, although the curves were obtained from
different samples, the evolution of the Cls intensity with temperature coincides with that of
the Ols, indicating that the molecules remain complete during the experiment. Therefore,
the transition observed at (370+5) K corresponds to the desorption of neutral TPA molecules.
The residual O and C atoms correspond to fully deprotonated molecules adsorbed on the
surface, as deduced from the analysis of both the Ols and the Cls core levels; we attribute
these deprotonation events to defects of the surface alloy. In conclusion, the XPS data reveal
that deposition of 0.5 ML of Sn on the Cu(001) surface completely inhibits the deprotonation
reaction of the carboxyl groups.

By fitting the desorption curve (see SI) with a first-order model we obtain an activation
energy for desorption of 1.51 eV and a rather high frequency-factor v of 3 x 10*%s71.46 Values
of v higher than 10'3s~! have been previously reported for organic molecules and, according
to the transition state theory, is related to an increase of the entropy when they are going
from the adsorbed state to the gas-phase state (transition state).*” In this sense, the obtained
v could be ascribed to the rather strong and directional H-bonds that could hinder some of

the translation and rotational movements of the molecules in the adsorbed layer. 44 Once
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the molecule is desorbed, it can move freely, resulting in an increase of the entropy with
respect to the adsorbed state.

Figure 3(a) compares the NEXAFS carbon spectra obtained with p and s polarization
from a sample with a submonolayer amount of TPA molecules deposited at 300K on the
Sn/Cu(001) template. The peaks at 284.6 and 285.5 €V observed in the spectrum measured
in Transverse Magnetic polarization correspond to 7* resonances of the aromatic ring, while
those in the region between 287-290 eV are attributed to carboxyl groups. *>5° The polar-
ization dependence of the 7* resonances clearly shows that the molecules are adsorbed with
the C-ring plane parallel to the surface. %

It is interesting to compare the carbon NEXAFS spectrum obtained with p-polarization
from the TPA /Sn/Cu(001) system with the corresponding one measured on the 3 x 3 phase
formed by TPA molecules on the bare Cu(001) surface (see Figure 3(b)). The 3 x 3 phase
is formed by fully deprotonated TPA molecules strongly bound to the substrate through
four Cu-O bonds.*!* We firstly note that, while in the TPA/Sn/Cu(001) system the 7*
resonances are clearly resolved, in the 3 x 3 phase are not. Thus indicating a stronger
molecule/substrate interaction in the latter case.® Secondly, there are also notable differ-
ences in the region of the carboxyl groups, which supports the hyphothesis of neutral TPA
molecules adsorbed on the Sn/Cu(001) template.

STM images of a sample produced at RT are shown in Figure 4. Panel (a) shows a
region where large molecular islands are present. Notice that all the areas surrounding the
molecular islands show the typical pattern of stripes oriented along the [100] crystallographic
direction stemming from the (3v/2 x v/2)R45° reconstruction,® which is another evidence
that the substrate template is stable against to TPA adsorption. Two different types of
molecular islands, that are labelled A and B in the image, can be identified. Fig. 4(b) shows
an isolated A-type island starting from monoatomic surface steps. The apparent height
of the molecular island with respect to the substrate is 1.47 A; we remark that this value

is clearly larger than 1.0 A, the value obtained for the 3 x 3 phase of deprotonated TPA

9
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Figure 3: a) Absorption carbon K-edge spectra recorded at 200K of a TPA/Sn/Cu(001)
surface prepared at 300K. b) Absorption carbon K-edge spectra recorded at 300K of the 3x3
phase formed by TPA molecules on the bare Cu(001) substrate.

molecules on bare Cu(001) surfaces under identical tunneling conditions. As can be seen,
this island has straight edges and ribbon shape indicating a preferential direction of growth.
Again, the characteristic stripes of the surface alloy are clearly visible on the uncovered
portion of the terraces. Finally, Figure 4(c) shows a zoom of the B-type island observed in
Fig. 4(a). In this image, one out of three molecular rows along the [100] crystallographic
direction looks brighter suggesting that the B-type molecular structure is conmensurated
with the (3v/2 x v/2)R45° reconstruction along the mentioned direction. Apparently, there
is a bright molecular row every two substrate stripes. Taking the XPS, STM and NEXAFS
data into consideration, we conclude that the TPA molecules form H-bonded sheets on the
(3v/2x 1/2) R45° reconstruction, similarly to those formed by the molecules on the Au(111). 32
Moreover, we conclude that the different island types are originated by different orientations
of the TPA sheets with respect to the substrate.

Figure 5 shows schematic models for the TPA islands observed in Figure 4. It is clear
from Figure 4(b) that, in the case of the A-type islands one of the vectors of the unit cell,

ds, is parallel to the [010] crystallographic direction, whereas the other one, @;, forms an
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Figure 4: Filled-state STM images TPA molecules adsorbed on the the (3v/2 x 1/2)R45°
phase of the Sn/Cu(001) surface alloy. The square superimposed to the B-type island in
panel a) corresponds to the area zoomed in c). Tmage sizes: a: (500 x 500)A2 b: (250 x
250)A2 ¢: (100 x 100)A2. Conditions: V=-2V /I= 10pA. The apparent-height of the islands
with respect to the substrate is, in average, ~ 1.5 A The distance L indicated in ¢) between
two bright molecular rows is 22.5 + 1 A.

angle of about 10° with respect to the [100] direction. The crystallographic structure of the
A-type islands can be determined with good precision from this STM image, where the two
inequivalent 90°-rotated domains of the (3\/§ X \/§)R45° substrate reconstruction are seen;
here, the corresponding stripes were used to calibrate the STM scanner along both the [100]
and the [010] crystallografic directions. We found that the unit-cell vectors have very similar
length, (7.50 + 0.2)A | and that the subtended angle is (81 & 2)°. In addition, the distance
|5 = @, — dy| between the centers of the C rings corresponding to consecutive molecules
interconnected through [OH---O] bonds was also independently determined, obtaining a
value of (9.70 +0.2)A . We note that the obtained |b| length is slightly larger than the value

reported for TPA bulk (9.54 A)5' but, in turn, clearly smaller than the value reported for
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TPA sheets formed on Au(111)?? (around 10 A).

On the other hand, the B-type islands are related to the A-type ones by a ~ 10° az-
imuthal rotation that leaves the @, vector aligned with the [100] crystallographic direction
(see Figure 5). Compared to the A-type configuration, we have not detected any significant
difference in the crystallographic parameters apart from the mentioned rotation. Addition-
ally to the A- and B- types, other orientations were observed, in particular, islands where
hydrogen bonds are oriented perpendicular and parallel to the stripes of the substrate (not
shown). The observation of multiple sheet orientations strongly suggests a smooth potential

landscape for the interaction between the TPA molecules and the substrate.

(@)

[100] \ [010]

Figure 5: Schematic models illustrating the different observed orientations of the TPA sheets
on the 0.5 ML Sn/Cu(001) surface alloy. The dashed rectangles represent the (3v/2x+/2) R45°
unit cell of the substrate. The thick grey lines represent the observed stripe pattern produced
by the reconstruction in the STM images. As can be seen in Fig. 5 of Ref.,?® the stripes
correspond to rows of Sn atoms that are slightly elevated with respect to the other Sn rows
along the [100] direction. In the B-type configuration, one every three molecular row along
this crystallographic direction would be adsorbed with the C-rings atop the elevated Sn
atoms (see the SI).

12
ACS Paragon Plus Environment

Page 12 of 25


http://pubs.acs.org/action/showImage?doi=10.1021/jp404983n&iName=master.img-004.jpg&w=187&h=135
http://pubs.acs.org/action/showImage?doi=10.1021/jp404983n&iName=master.img-005.jpg&w=187&h=135

Page 13 of 25

©CoO~NOUTA,WNPE

The Journal of Physical Chemistry

We carried out DFT calculations in order to gain a deeper understanding on the origin
of the decoupling effect between the adsorbed molecules and the Cu(001) substrate observed
in the TPA /Sn/Cu(001) system.

We first relaxed the crystallographic structure of an unsupported 2D sheet of TPA
molecules obtaining values of 7.43 A and 79.5° for the length of the unit-cell vectors and for
the subtended angle, respectively. These values are in excellent agreement with the structural
parameters experimentally determined for a A-type sheet confirming that the interaction of
the TPA molecules with the Sn/Cu(001) substrate is extremely weak. In addition, the cal-
culated formation energy of the unsupported 2D sheet of TPA molecules turned out to be
1.04 eV per molecule.

We then evaluated the adsorption of isolated TPA molecules on the (3v/2 x v/2)R45°
reconstruction illustrated in Fig. 1. This reconstruction allows for many non-equivalent
adsorption sites on the surface. We considered two main adsorption sites, on top of a
surface atom site (Sn or Cu) and a hollow site, and also two orientations, [100]| and [110].
For each initial configuration the system is allowed to relax, and the adsorption energy
is calculated using Eq. (1). In Fig. 6 we show several of the final relaxed configurations
obtained for neutral molecules with the corresponding adsorption energies. We found that
the slightly preferred adsorption site is on top of a surface atom, with and an adsorption
energy in the range 0.76-0.78 eV, depending weakly on the surface atom on top of which is
located the TPA molecule, and on the molecule orientation. For the isolated TPA molecule,
the adsorption energy is greatly reduced with respect to the 2.04 eV calculated for TPA
adsorbed on the bare Cu(001) surface.!* We also note that the adsorption-energy value
obtained for isolated TPA molecules on the Sn alloyed Cu(001) surface is comparable to the
values calculated for different aromatic molecules adsorbed on Au(111) (benzene: 0.55 eV,
pyridine: 0.48 eV, thymine: 0.67 eV, cytosine: 0.77 eV).*? This suggests that the analyzed
phase of the Sn/Cu(001) surface alloy displays a reactivity to TPA comparable to that of
Au(111).

13
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Additionally, we estimated the corrugation of the adsorption energy landscape seen by
neutral molecules. To this purpose we performed a barrier calculation for the diffusion of a
TPA molecule from the first configuration in Fig. 6 to a site on top of a neighbor Sn surface
atom. This calculation was done using the nudge elastic band (NEB) method to obtain the
saddle point configuration and energy. A diffusion barrier of 0.15 eV was obtained, resulting
in a saddle point adsorption energy of 0.62 eV. For the considered configurations F,4, varies
then in the range 0.62-0.78 eV. The corrugation of the adsorption energy landscape seen by
an isolated neutral TPA molecule is then estimated to be lower than 0.20 eV. On the other
hand, on the bare Cu(001) surface, the difference in E 45 for the TPA molecule adsorbed in
its preferred adsorption geometries, i.e. aligned in the [100]| or [110] directions, is already
0.20 eV.' Therefore, we can conclude that not only the adsorption energy but also the
energy landscape corrugation is greatly reduced by the Sn alloying.

The adsorption energies of a deprotonated and a semi-deprotonated molecules were also
calculated obtaining 0.17 eV and -0.52 eV, respectively. The deprotonation of the TPA
molecule on the (3\/§ X \/§)R45° reconstruction is therefore energetically unfavorable, con-

trary to what was found on the bare Cu(001) surface.

Figure 6: Several of the final relaxed for a TPA molecule adsorbed on the (3v/2 x 1/2)R45°
reconstruction of 0.5 ML of Sn on Cu(001), together with the corresponding adsorption
energies. Sn atoms in the top layer are shown in gray, while Cu atoms in the top and second
surface layers are shown in light and dark brown respectively.

As the 2D sheet of TPA molecules is not conmesurated with the substrate, a calculation
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of the supported sheet is not feasible. For an estimation of its formation energy, we first
carried out a calculation with a configuration containing two molecules forming H-bonds.
This configuration is shown in Fig. 7. The calculated adsorption energy for both molecules
is 2.52 eV. Subtracting from this value twice the adsorption energy calculated for isolated
TPA molecules, a value of ~ 1 €V is obtained for the interaction energy between molecules.
This value is close to the calculated formation energy for the unsupported 2D sheet (1.04 eV),
which means that the H-bonds are only slightly weakened by the presence of the substrate.
Assuming that intermolecular interaction is largely dominated by the [OH---O] hydrogen
bonds, we conclude that the formation energy of a double H-bond on the surface is about
1 eV.

Finally, the energy per molecule in a H-bonded sheet of absorbed TPA molecules can thus
be estimated by adding the obtained formation energy of a double H-bond to the adsorption
energy of an isolated molecule. We therefore estimate the adsorption energy per molecule
in a H-bonded TPA sheet to be in the range 1.60-1.80 eV. These values compare very well
with the experimentally-determined value of the desorption energy (1.5 V), indicating that
there are no extra energetic barriers for the desorption of TPA molecules from the studied
Sn/Cu(001) surface alloy. The contribution of the [OH---O] interaction to the stability of
the adsorbed TPA sheets can be also put in evidence by comparing the desorption-energy
value determined in this work with the desorption energies reported for similar molecules
that do not form [OH- --O] bonds. For benzene adsorbed on Au(111)*® and hexane adsorbed
on graphite,?” desorption energies of 0.64 eV and 0.76 eV, respectively, were derived from
thermal desorption experiments. These low values strongly support that the [OH- - -O] bonds
are the main responsible for the stability of the TPA sheets.

From the theoretical and experimental results discussed above we show that the subnet-
work of Sn atoms deactivates the Cu(001) surface by decoupling the adsorbed molecules from
the Cu(001) substrate. As mentioned in the introduction, the decrease of surface reactivity

by Sn alloying has already been reported for Pt and Pd surfaces. The origin of this effect can
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be attributed to the lower reactivity of Sn atoms in the surface alloy, as well as to a steric
effect that hinder the interaction of the molecule with the Cu atoms in the top surface layer.
Thus, a gradual activation of the interaction between the TPA molecules and the Cu(001)
surface can be expected for decreasing Sn coverage when Cu atoms in the surface began to

be exposed to the vaccum.

Figure 7: Configuration containing two molecules forming H-bonds used to estimate the
bonding energy between molecules in the adsorbed TPA sheet. Sn atoms in the top layer
are shown in gray, while Cu atoms in the top and second surface layers are shown in light
and dark brown respectively.

Conclusions

We find that the subnetwork of Sn atoms contained in the top surface layer of the (3/2 x
V/2) R45° reconstruction of the 0.5 ML Sn/Cu(001) surface alloy causes a drastic reduction
of the interaction between the TPA molecules and the Cu(001) substrate. The effect is
important enough to cause the complete inhibition of the deprotonation reaction of the car-
boxyl groups, a process that is already active at RT on the bare Cu(001) surface. Therefore,
the deposition of 0.5 ML of Sn atoms allows to switch the self-assembling properties of TPA
molecules from those observed on Cu(001) to those found on Au(111). The neutral molecules
form ordered 2D arrays stabilized by [OH---O] bonds which is practically indistinguishable
from that theoretically obtained for unsupported TPA sheets.

The thermal desorption experiments show that the TPA sheets remain stable on the
surface alloy until the thermal energy is large enough for the activation of their desorption.

Remarkably, the (3v/2 x v/2)R45° reconstruction was systematically found after the TPA
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desorption. From these experiments we determined a desorption energy of 1.5 eV and a
frequency-factor v of 3 x 10%s7!. The experimentally determined desorption energy com-
pares very well with the theoretically estimated adsorption energy (1.6-1.8 eV per molecule)
suggesting that there are no energy barriers along the desorption pathway of the molecules.
The contribution of the [OH---O] interaction to the adsorption energy was theoretically es-
timated to be ~1 eV. On the other hand, the high value obtained for the frequency-factor is
ascribed to the rather strong and directional H-bonds that could hinder some of the trans-
lation and rotational movements of the molecules in the adsorbed layer.

Finally, our finding strongly suggests that the 0.5 ML Sn/Cu(001) surface alloy would be
a suitable substrate template to produce two-dimensional H-bonded networks at RT based
on carboxyl groups. 5 We thus think that Sn alloying can be a valuable route for tailoring
the Cu(001) surface to the requirements of two-dimensional H-bonded networks based on

carboxyl groups.
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