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Scanning tunneling microscopy was used to investigate the arrangement of ferrocenecarboxylic acid
(FCCOOH) monolayers on the Ag(111) surface. Four distinct structures were observed, none of which had
previously been observed on other surfaces. Structural analysis indicates that these assemblies are primarily
composed of dimers. VASP calculations support the molecular assignments of the monolayer structures,
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while ESI-MS experiments confirm that dimers are the predominant species in solution. Of particular note,
the cyclic pentamers and aperiodic packing observed for FcCCOOH on Au(111) were not observed, despite (1)
DOI: 10.1039/d6cp00626d the similarity of the Ag(11l) and Au(11l) surfaces in reactivity, flatness, and lattice constant, and (2) prior
explanation of the Au(111) monolayer in terms of molecule—molecule interactions alone. It is clear that while

rsc.li/pccp the surface does not have a template structure, it has a significant influence on which structures are formed.

relatively inert and smooth surface. Ag(111) has a nearly identical
lattice constant to Au(111), though the gold surface reconstructs
to modify the atomic arrangement slightly.® Performing the same

1 Introduction

Ferrocenecarboxylic acid (FcCOOH, Fig. 1) deposited on the
surface of Au(111) formed the first observed self-assembled
molecular quasicrystal, filling the two-dimensional space with
local five-fold symmetry." The monolayer, observed by scanning
tunneling microscopy (STM), was built using FcCOOH penta-
mers, which in turn were stabilized by an unusual bonding
motif, in the form of cyclic catameric hydrogen bonds."” These
pentamers were intermixed with hydrogen-bonded dimers to
create the extended structure. Surface self-assembly is generally
described as an interplay between molecule-molecule and mole-
cule-surface interactions, but in the case of FECOOH on Au(111),
the overall features of the monolayer seemed to be well explained

only by intermolecular interactions.' This was attributed to the ] :

relative inertness and smoothness of the Au(111) surface, which Fle O~ H -0 Fle
was then explained as relatively unimportant given the strength <®> <®>
of the hydrogen bonds between molecules. In support of this
hypothesis, isolated pentamers were observed to be randomly @
oriented relative to the surface, indicating a low corrugation of "
the cluster-surface interaction potential. ~H- Fe

We decided to probe whether surface-molecule interactions O 0 Ci)
could in fact be neglected when modeling the quasicrystal ©—< }Q

1

structure by comparing assembly on Ag(111), which is also a
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Fig. 1 (A) The molecular structure of ferrocenecarboxylic acid. (B) Two
molecules hydrogen-bonded together to form a cis-dimer. (C) Two
molecules hydrogen-bonded together to form a trans-dimer.
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experiment as done in ref. 1 but on the Ag(111) surface instead of
Au(111), we expected to see the same aperiodic assembly. We did
not, and we instead characterized multiple structures distinct
from any of those that formed on gold.

Comparison of multiple structures on two different surfaces
will also provide insights into complex systems arising from
two-dimensional self-assembly and the effect of molecular
structure on crystal structure formation.”* We also believe
that studying systems where 2-D self-assembly results in multiple
complex (metastable) structures will give valuable insights into
synergistic interactions between molecular functional groups, and
this will have broad impact upon the larger and important
problem of crystal structure prediction, specifically the under-
standing of crystal polymorphism.*>™’

2 Methods

An Ag(111) single crystal was cleaned in a high vacuum with three
cycles of Ar” sputtering (0.55 kV for 15 minutes) and subsequently
annealed at approximately 390 °C, which was found to yield flat,
clean surfaces of Ag(111). Cleaned samples were allowed to cool
before being transferred to a load-lock chamber for preparation of
the monolayer. FcCOOH was purchased from Sigma Aldrich and
used without further purification. Solutions with a concentration
of 10 mM were prepared in either benzene or toluene (noted
in figures). The FcCOOH solution was deposited via a pulsed-
solenoid valve (Parker Instruments, Series 9, Iota One Driver,
0.5 mm diameter nozzle) onto the cleaned Ag(111) substrate. The
substrate was at room temperature at the time of deposition.
Before the deposition, the load-lock chamber was at a pressure of
<5 x 107° Torr. The pressure rose significantly, by about an
order of magnitude, then returned to the baseline pressure within
a minute. The sample was then transferred to an Omicron LT-
STM, kept at a base pressure of 5 x 10~ '° Torr, and was cooled to
77 K using liquid nitrogen. All images were acquired with a Pt/Ir
tip in constant current mode with a tunneling current of 10 pA
and a tip-sample bias of +1.0 V unless otherwise noted.

The STM was regularly calibrated throughout the study
using images of the Au(111) herringbone reconstruction.
Measurement and unit cell analysis were performed using the
WSxM software package.'®

Molecular models were built by geometrically optimizing
monomers and dimers of FcCOOH using density functional
theory (DFT). Optimization studies were performed in the
Gaussian 16 software package at the B3LYP/6-31g(d) level of
theory."® Optimization began with a bias toward either the cis or
trans orientation, allowing for the more energetic cis and less
energetic trans orientation to be optimized to local energy minima.
Optimized measurements were visualized using the IQMol soft-
ware package and used as the monomer and dimer models in the
study.?® Models were placed on the calibrated STM images at size
with zero degrees of freedom; the models had no adjustable
parameters or flexibility in size, orientation, or conformation.

The predicted STM images were simulated utilizing VASP.>'>*
A slab of Ag(111) was constructed with the dimensions of 7 x 7 x 4
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silver atoms with 10 A of vacuum above and below the slab. No
atoms were frozen during relaxation of the slab. The lattice
constant was found to be 4.2 A. All single-point calculations
for the silver slab were conducted with an energy cutoff (encut)
of 550 eV. All other calculations were conducted with a PBE
functional with an encut of 500 eV. The k points used were
[7, 7, 1] with an energy difference of 1 x 10~ eV. A van der Waals
correction IVDW = 11 was added.”®*® Bader charge analysis
(see the SI) was performed according to ref. 27-29.

All ESI-MS experiments were performed on a Waters
ACQUITY tandem triple quadrupole mass spectrometer (MS).
The MS is equipped with a ZSpray electrospray ionization source.
1.7 mM FcCOOH/methanol solutions were directly infused into
the instrument at a rate of 10 uL min~* through a syringe pump.
Spectra were collected in both positive and negative mode and are
labeled with their respective polarity. Operating conditions follow
ref. 2 capillary voltage was set to 3.6 kV, cone voltage to 25 V,
source and desolvation temperatures to 50 °C, and desolvation gas
flow to 300 L h™". All spectra were acquired over 10 minutes, at a
scan rate of 3 s per scan, totaling about 200 scans, and are additive.
Daughter scans were acquired under the same conditions.

Spectra were normalized to their tallest peaks (the -/+ H
monomer peaks).*® All peaks were isotopically identified. The
limit of detection was determined by 3.3 times the root mean
square of a blank methanol measurement under the same mass
spectrometer conditions.

3 Results and discussion

Pulse deposition onto Ag(111) resulted in four monolayer
structures not found during any Au(111) study. The most stable,
or the most common, configuration of FcCOOH on Ag(111) is
the honeycomb-like surface in Fig. 2. This configuration has
a number of interesting features, most notably a “dimple” of
electron density at molecule sites and a dim feature packed
inside of the honeycomb. The dimple feature is qualitatively
different from other configurations of FcCOOH on Ag(111),
mainly the molecular area of electron density is smaller and the
dimple feature at the center of the molecule appears at lower
contrast than in other configurations. A similar feature was
seen while studying iron-containing organic metallic frame-
works and diferrocenylacetylene.>*" Predicted diferrocenylace-
tylene STM images revealed that when the cyclopentadiene (Cp)
rings of the ferrocenes were imaged at increasing angles, the
dimpling in the STM images would get smaller, with the dip of
electron density becoming less pronounced. Using this infor-
mation, we conclude that the Cp rings of the FcCOOH in Fig. 2
are likely at an angle to the surface of Ag(111). This conclusion
is in agreement with XRD measurements of FcCOOH, which
reveal that the structure of the bulk crystal is an assembly of
dimers in the trans configuration.** trans dimers of FcCCOOH on
a flat surface, oriented to maximize Cp interaction with the
surface of the substrate, would result in the Cp rings being
imaged at a slight angle as both Cp rings in a trans dimer
cannot be both parallel and close to the surface.

This journal is © the Owner Societies 2026
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Fig. 2 (A) STM image (87.5 x 87.5 A) of FcCOOH pulse deposited in
benzene on the Ag(111) surface. (B) STM image (125 x 125 A) of FcCOOH
pulse deposited in benzene on the Ag(111) surface. (C) STM image (30 x
30 A) of a single grain boundary from (B). (D) Unit cell of the honeycomb
assembly created by averaging all the unit cells from a single grain
boundary from (B). The unit cell rhombus measures 14 x 14.5 A and
58.6°. While the benzene is the solvent in these images, this assembly also
appears when deposited in toluene (Fig. S1).

To help differentiate between FcCOOH dimers in different
orientations, we predicted via simulations, STM images of cis
dimers with the Cp rings parallel to the surface with the
carboxylic acid (COOH) group facing both toward and away
from the surface: a cis dimer with the Cp rings perpendicular to the
surface, and trans dimers with the Cp rings both perpendicular and
parallel to the surface. The results in Fig. 3 are consistent with the
conclusions from the diferrocenylacetylene calculations, that is,
that dimples of electron density would be seen while the Cp rings
are perpendicular to the scan direction (A-B). Additionally, the
dimpling is expected to be smaller when the trans dimers are as
close to being perpendicular as possible (Fig. 3C). The comparison
of these simulated STM images supports our interpretation of the
FcCOOH orientation in Fig. 2 as trans dimers oriented to maximize
Cp interactions with the surface. The calculations of cis and trans
dimers with Cp rings perpendicular to the surface (Fig. 3D and E)
are used for orientation and iron-iron distance measurements,
which will be used later for other surface assignments.

To better understand which orientation of FcCOOH is most
energetically stable, we calculated single point energies of each
dimer to compare which distance from the surface is predicted
to be most favorable (Fig. 4). Interestingly, both the cis and
trans dimers possessed nearly identical predicted binding
energies at iron-surface distances between 5.5 and 6.0 A. The
calculations predict that the orientation of the Cp rings and
the COOH group is relatively insignificant and that iron has a
far greater influence on binding distance than any other factor

This journal is © the Owner Societies 2026
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Fig. 3 VASP predicted STM images of (A) cis dimer with Cp rings parallel
to the surface, COOH group down, (B) cis dimer with Cp rings parallel to
the surface, COOH group up, (C) trans dimer with Cp rings as parallel as
possible to the surface, (D) cis dimer with Cp rings perpendicular to the
surface, and (E) trans dimer with Cp rings perpendicular to the surface.

in the molecule or the dimer. Based on these calculations, we
also conclude that every one of these dimer orientations is
energetically competitive on the surface, allowing for many
different orientations and interdimer interactions.

The dimple feature in the center of the honeycomb varies in
brightness from image to image (Fig. 2A and B). We believe this
to be mainly a parameter of the tip condition, as differences in
the structure of the STM images from one experiment to the
next are well known to cause variation in image contrast.
Previous studies concerning ferrocenes have revealed that
ferrocenes on the surface of gold appear less bright when
oriented with Cp rings perpendicular to the surface, so we
conclude that those features are the same."” We also observe
that the FcCOOH molecule packing on the inside of the
honeycomb structure has two orientations, up and down, as
seen in Fig. 2A. As the monomer has an non-hydrogen-bonded
COOH group, chemical reasoning suggests that it would be
interacting with the = structures in an adjacent Cp ring.

In order to understand the adsorption geometries responsible
for different features in STM images, we used DFT-optimized
molecular models placed at size onto calibrated STM images.
The trans dimer was calculated to have an iron-iron distance of
9.67 A, which agrees very well with the XRD solution, which
shows the iron-iron distance to be 9.600 A.>> The XRD measured
distance was used to assign molecules as seen in Fig. 5A and B.
We interpret the honeycomb as trans dimers arranged to leave a
cavity between them. Even though the surface seems to have six-
fold symmetry, the unit cell for the surface, Fig. 2C and D, only
contains the dimer. If the dimers were in the cis configuration,
we would expect three equivalent positions for the monomer to
interact with as all the Cp rings would be equivalently parallel to
the surface. This is not the case for the trans configuration,
where only two equivalent positions would exist for the mono-
mer to interact with. This further supports the conclusion that
the dimers are in a ¢rans configuration.

Phys. Chem. Chem. Phys.
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Fig. 4 Calculated adsorption energies for FCcCOOH dimers onto the surface of Ag(111) using VASP. Distances are measured from the iron atom to the

closest silver atom. (A) cis FCCOOH dimers and (B) trans FcCOOH dimers.

Many of the images of the honeycomb structure have
defects, i.e. Fig. 2, Fig. 2B, and especially Fig. 5B. How a model
explains the defects and grain boundaries of an assembly can
test the validity of the model. This can be seen in Fig. 5B, where
there are a large number of defects, which are caused by
different orientations of dimers in close proximity to each other.
The smaller defects, such as those in Fig. 5A, are more subtle. It
is difficult to elucidate the exact orientations of the dimers in
these situations, but the small defect indicates that the orienta-
tions of the dimers shift by 120. The model that we built using
the previously mentioned assumptions describes the surface of
this honeycomb-shaped dimer packing very well.

When we measure the angle between the honeycomb lattice
and step edges in the Ag(111) surface, the angle is consistently 60.
This is evidence that the FcCOOH lattice and the Ag(111) surface
lattice are commensurate and suggests that surface-molecule

Fig. 5 (A) Assignment of the molecules on the image from Fig. 2 based on
our interpretations and observations of the honeycomb assembly. The
grain boundaries marked by the molecular vacancy are shown in blue.
Representative molecular models of the trans dimer are shown in each
region in the correct orientation with the red lines indicating dimerized
molecules along the grain boundary. (B) Our model holds as we extend it
to images of larger fields with more defects (150 x 150 A). In fact, more
defects in the image clarifies molecular orientation.

Phys. Chem. Chem. Phys.

interactions affect FcCOOH self-assembly, which was not the case
for the quasicrystalline structure on Au(111).

The second assembly seems to be a combination of arrange-
ments of ferrocenecarboxylic acid dimers (Fig. 6). The mole-
cules that appear round have the familiar dimple feature, but
they are different from those seen in Fig. 2. These are larger and
have a darker center, which is seen in the unit cell (Fig. 6). We
therefore interpret these features as Cp rings parallel to the
surface of the silver. These contrast changes were also seen in
simulated STM images of diferrocenylacetylene, which pre-
dicted that perpendicular imaging of a Cp ring would result
in a distinct, bright ring of electron density with a dim feature
in the middle.” Again, our calculations (Fig. 3A and B) are in
agreement. The round features are interpreted as ferrocenecar-
boxylic acid molecules hydrogen bonded in the cis formation
with the Cp rings parallel to the surface. In between these rows
of cis dimers are smaller, dimmer features. The shape and

Fig. 6 (A) STM image (150 x 150 A) of FcCOOH pulse deposited in
toluene on Ag(111). (B) Unit cell (12 x 28 A and 91.3°) of the stripe packing
created by averaging all the unit cells from (A). The unit cell contains four
molecules, two oriented with the Cp rings parallel to the surface, and two
perpendicular.

This journal is © the Owner Societies 2026
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Fig. 7 A magnified (60 x 60 A) image from Fig. 6a with molecular
assignment for the stripes assembly placed on the image.

orientation of these features match well with our VASP simu-
lated images of a trans dimer with Cp rings perpendicular to the
surface (Fig. 3C).

cis dimers do not appear in XRD measurements, so we rely
on the DFT calculated Fe-Fe distance, 9.07 A, to make mole-
cular assignments to this surface. Fig. 7 shows how the cis
dimers and the perpendicular ¢rans dimers arrange to form the
assembly image in Fig. 6.

The third assembly, Fig. 8 is similar to the previous one, but
the unit cell is distinctly different. In the creation of the unit
cell, we found that the two rows highlighted in Fig. 8A in blue
and red are not equivalent. This makes the unit cell long and
narrow, Fig. 8B. Molecular features in this configuration appear
at distances that are not consistent with FcCOOH dimers, and
we are not able to suggest a chemically plausible structure that
would produce this experimental image.

The final assembly does not appear to be formed from dimers
(Fig. 9). The images show round molecules with dimple features,
but each molecule has a tail of electron density. The dimple is
very similar to that seen in Fig. 6, so we interpret the FcCOOH
molecules as being oriented with the Cp rings parallel to the
surface. The image shows that this assembly is formed from
molecules tightly packed into rows with tails of electron density
maintaining directionality through the row. The tail switches
direction consistently in every row and appears in every image of
this assembly, so we can conclude that it is a real feature,
making the unit cell contain two differently oriented molecules
(Fig. 9B). We interpret the tail as the carboxylic acid of the
FcCOOH oriented to interact with the m system of adjacent
molecules, shown in the molecular assignment in Fig. 10.

None of the four discussed assemblies of FcCOOH on
Ag(111) form when experiments are performed on Au(111).

This journal is © the Owner Societies 2026
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Fig. 8 (A) STM image (2125 x 212.5 A) of FcCOOH pulse deposited in
toluene on Ag(111). The rows of molecules marked in blue and those in red
are not in the same orientation as the blue and red areas do not share
equivalent molecules. (B) Unit cell (16.9 x 61.9 A and 80.5°) of the
assembly created by averaging all the unit cells from (A).

Additionally, none of the assemblies previously observed,
including the quasicrystalline surface, were observed on using
Ag(111) as a substrate. A full model of these systems is still not
understood as discussions and assignments are centered pri-
marily on molecule-molecule interactions, without taking into

Fig.9 (A) STM image (125 x 125 A) of FcCOOH pulse deposited in
benzene on Ag(111). (B) Unit cell (10 x 22 A and 80.4°) of the teardrop
assembly. There is a tail of electron density that appears to be interacting
with neighboring molecules, which is interpreted as the carboxylic acid
interacting with the Cp rings of the neighboring molecule.

Phys. Chem. Chem. Phys.
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consideration molecule-surface interactions. We cannot con-
clude that the identity of the surface is important in all cases,
but for FcCOOH, at least one or both the Au(111) and Ag(111)
surfaces clearly affect the outcome of the experiment. One of
the surfaces may not influence the self-assembly of FcCOOH,
but it is not possible that both do not. Based on the commen-
surate nature of the FcCOOH surface in Fig. 2, we conclude the
surface interactions for Ag(111) to be more significant than
those in Au(111).

Previous work from our research group has demonstrated
that the preparation of monolayers using pulse deposition
often results in a combination of multiple cluster geometries
and monolayer structures that are not observed after vapor
deposition of the same molecule. This has led us to hypothe-
size that molecules can pre-associate in solution and deposit
onto a surface as clusters. We have employed ESI-MS to test this
model, and have found in several cases that “magic number”
clusters formed preferentially during the electrospray process
corresponding to cluster sizes observed in STM images of the
surface.>**7> Fig. 12A shows clustering of FcCOOH using ESI-
MS in the negative mode. The spectrum shows the dimer being
nearly as abundant as the monomer. The positive mode spec-
trum (Fig. 12b) also shows clustering of the dimer, trimer, and
tetramer, with the tetramer showing the most abundance of
those clusters. In addition, cluster with Na or NH, adducts
(which come from impurities in the methanol mobile phase)
become more common than simply protonated clusters. The
change in the adduct is due to the FcCOOH being a partially
deprotonated weak acid in methanol, which becomes unde-
tectable using MS with the addition of a proton.

The dimers and tetramers indicate a polarity dependence
because samples were made in acetonitrile, yet the tetramer

Fig. 10 A magnified (45 x 45 A) image from Fig. 9a with molecular
assignment for the teardrop assembly placed on the image.

Phys. Chem. Chem. Phys.
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still clusters strongly in the positive mode (SI1). Interestingly,
the protonated clusters show the expected exponential decay as
cluster size increases,**° while sodiated clusters remain pre-
valent through trimers and tetramers (Fig. 12¢). Daughter scans
of the sodiated tetramer (Fig. 12d) show a high abundance of
dimers, with some monomers, trimers, and tetramers. We
interpret the high abundance of dimers as the tetramers
forming from dimeric subunits clustering together to distribute
the positive charge.

Notably, no pentamers are observed in either polarity. Pre-
vious studies hypothesized that FcCOOH pentamers formed in
solution and that dimers nucleated on the Au(111) surface.*
However, ESI-MS results indicate that only dimers form in
solution, suggesting that the pentamers previously observed arise
from surface-driven assembly rather than pre-existing solution-
phase clusters. Additional support for this conclusion comes from
experiments on the Ag(111) surface, where no pentamers are
found, and unit cells instead consist of dimers in various con-
formations (Fig. 11. This implies that surface interactions play a
crucial role in dictating the final assembly, with structural differ-
ences between Ag(111) and Au(111) arising from variations in
adsorption configurations. A key uncertainty, however, is whether
the conditions of electrospray ionization are truly comparable to
those of pulse deposition.

Adduct formation plays a key role in cluster stability. Large
ions can stabilize clusters that are otherwise less stable,*™**
leading to the observation of clusters that are energetically less
favorable compared to protonated ones. Additionally, inter-
molecular interactions can be stabilized by charge, as seen with
sodium ion stabilization,*®*! and neutral serine octamers,**™*’
highlighting the influence of charge distribution on clustering
behavior. Differences between positive and negative mode clus-
tering are particularly notable. Magic numbers in mass spectra
depend more on charge delocalization and the feasibility of
adding a charge to a cluster — the easier it is to delocalize the
charge, the more likely it is for the cluster to form.*®*°

Steric effects also contribute to clustering behavior, potentially
influencing the observed distributions.>® Additionally, different
models have been proposed to describe cluster size distributions,
with some studies supporting exponential decay,*° while others
suggest Gaussian distributions.>">

Fig. 11 Unit cells from each of the four assemblies ((A) honeycomb
(Fig. 2), (B) stripes (Fig. 6), (C) teardrop (Fig. 9), and (D) the V formation
(Fig. 8)) of FcCOOH on Ag(111) calibrated to each other in length.
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Fig. 12 Mass spectra of FCCOOH. Insets are the regions from 700 to
1250 m/z. (A) Negative mode mass spectrum with peaks labeled by number.
The color of the triangles dictates the different adducts: red is the loss of a
proton, yellow is the addition of a chloride ion, and blue is the addition of a
formic acid ion and the loss of two protons. (B) Positive mode spectrum with
peaks labeled by number. The color of the diamonds dictates the different
adducts: red is the addition of a proton, yellow is the addition of an ammonium
ion, blue is the addition of a sodium ion, and purple is the addition of a
potassium ion. (C) Natural logarithm of the normalized peak height vs the
cluster sizes in spectra (A) and (B). (D) Daughter scan of the FcCOOH sodiated
tetramer seen in (B). The dimer is the most prominent peak, indicating that the
tetramer is made up of dimeric subunits.

Ferrocene (Fc), under the same experimental ESI conditions,
does not exhibit the same clustering behavior as FcCOOH (see the
SI, Fig. S2a). The monomer is the dominant peak, and the dimer
is only observed as a non-protonated ammonium adduct, indicat-
ing that the carboxylic acid facilitates the hydrogen bonding of the
dimers both in solution and on surfaces. Fc ionizes very poorly in
the negative mode, as there is no readily apparent site for a proton
to be removed or for a negatively charged adduct to be stably
attached, so only positive mode scans were performed. When
graphing the natural log of the peak heights (SI2b), there was no
protonated dimer to compare to, so the dimer with the ammo-
nium adduct was used. The lack of protonated dimer and tetra-
mer in the spectrum shows that the carboxylic acid drives
dimerization, almost certainly through hydrogen bonding.

4 Conclusions

In this study, we have characterized a new FcCOOH self-
assembled system and observed significant polymorphism,
highlighting the complexity of FcCOOH assemblies. By comparing
FcCOOH behavior on Au(111) and Ag(111), we demonstrate that
surface interactions play a role in the final monolayer structure for
at least one of the two surfaces. We conclude that based on the
commensurate nature of the periodic systems to the Ag(111)
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versus the aperiodic assembly on Au(111), molecule-surface inter-
actions are stronger and play a more significant role for Ag(111).
Due to the lack of pentamers in the ESI-MS measurements,
Au(111) surface interactions are either meaningful and drive
pentamer formation, or the energetics of forming cyclical cata-
mers far outweigh those of the surface interactions.

While our molecular models successfully describe the
observed assemblies based on molecule-molecule interactions,
our results suggest that this approach alone provides an incomplete
picture. The differences in assemblies formed on Au(111) and
Ag(111) indicate that molecule-surface interactions contribute
meaningfully to the self-assembly process, challenging the assump-
tion that they can be ignored when strong intermolecular forces are
present. Further investigation into how subtle variations in surface
properties influence molecular self-assembly could provide more
insight into the role of surface effects in molecular self-assembly,
including those on other faces of gold and silver, HOPG, and
especially on Cu(111). We anticipate that further characterization
studies may yield yet unseen FcCOOH polymorphs but will likely
share similar geometries to those characterized here as those are
driven by the strong carboxylic acid hydrogen bond interactions
that would be present in every system.
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