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Abstract
The potential-dependent water adsorption on gold surfaces in perchloric and
sulfuric acid solutions has been studied by surface-enhanced infrared absorption
spectroscopy (SEIRAS). It is found that the surface structure of the gold electrodes has a
major impact on the SEIRAS spectra. When the gold films are composed of nanoparticles
of 47 ± 11 nm, the SEIRAS spectra are in agreement with previous reports. However,
when the size of the gold nanoparticles is decreased to 27 ± 8 nm, by depositing the gold
at 1 Å /s instead of 0.1 Å /s, it is found that the SEIRAS bands associated with water
molecules coordinated to co-adsorbed anions are absent. The combination of both types
of gold electrodes allows a detailed study of the properties of the adsorbed water
molecules. It is found that water molecules coadsorbed with sulfate and perchlorate
anions appear to belong to the hydration shell of the anions, because i) the intensity of the
SEIRAS bands of these water molecules increase with potential in the same way as the
SEIRAS bands of the adsorbed anions, and ii) the frequencies of the O-H stretch
resemble those of the water molecules in the hydration shell of the anions in solution.
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1. Introduction
The interaction of water with metal surfaces plays a central role in many disciplines
such as catalysis, electrochemistry, and biochemistry. Being the most commonly used
solvent, water can have a major impact on the rate and selectivity of reactions. For
example, water has a promoting effect in the oxidation of CO and small alcohols on metal
surfaces.1,2 Water has also an important impact on the catalysis of the oxygen reduction
reaction (ORR): water accelerates the oxidation of the metal in the presence of dissolved
O2, and this has a detrimental effect on the rate of the ORR, since the catalysis of the
ORR only takes place on the metallic surface.3-5As a result, gold is potentially a better
catalyst than platinum for the ORR, due to its higher oxidation potential. Indeed,
deposition of gold nanoparticles on platinum has shown to improve the stability of the
catalyst for the ORR.6 In conclusion, understanding the properties of interfacial water
molecules and its interaction with coadsorbed ions is crucial to improve the catalytic
performance of metal surfaces.
One of the main difficulties in the study of interfacial water is the interference
from bulk water contributions. For this reason, most of the progress in the understanding
of the interaction of water with metal surfaces has arisen from model experiments under
ultra-high-vacuum (UHV) conditions and theoretical works.7-14 Surface-Enhanced Raman
Scattering (SERS) has also been successfully applied for the study of water adsorption on
metal electrodes under electrochemical conditions.15-18 SERS is suitable to study, for
example, the effect of the composition of the metal electrode and the applied
electrochemical potential. However, SERS measurements require rough electrodes, and it
is believed that the signal originates from hot spots with peculiar geometries. Therefore,
this technique is not adequate to characterize the effect of the surface structure of the
electrode. Sum-Frequency Generation (SFG) has also been used to study water
adsorption on metals under electrochemical conditions,19-21 but it should be noted that the
interpretation of SFG spectra is far from being straight-forward. Finally, the potentialdependent adsorption of water on metal electrodes has also been studied by the laserinduced temperature jump method22,23 and contact angle measurements.24 These
techniques have been used to determine the reorientation of water molecules on metals,
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but they do not provide any chemical information about the properties of interfacial
water.
One technique that is especially well suited to study the properties of water
molecules is infrared spectroscopy. The characteristic infrared adsorption bands of water
molecules provide a wealth of information about the interaction with the environment,
hydrogen-bonding strength, conformation, mobility, etc.25-27 In order to study the infrared
spectrum of interfacial water at electrochemical interfaces, it is advantageous to perform
the measurements under conditions of attenuated total reflection. In these experiments,
the electrode is a thin metal film deposited on a highly-refractive, transparent prism. The
infrared beam passes through the prism and is totally reflected at the metal-prism
interface with an evanescent wave penetrating into the metal-solution interface, thereby
probing the absorption of interfacial species. Under certain conditions, enhancement of
the absorption signal of interfacial species takes place (SEIRAS: Surface-Enhanced
Infrared Absorption Spectroscopy). As a result, the measured signal is dominated by the
response of interfacial species, and the contributions from bulk species can be subtracted
by calculating the difference of the measured response at different potentials. This
methodology has been successfully applied to the study of interfacial water on gold thin
films in several works.28-44
In a recent paper,45 we showed that the SEIRAS spectra of water on gold in
sulfuric acid solutions were markedly dependent on the preparation method of the gold
electrode. When the gold thin film was deposited on the silicon substrate with a
deposition rate of 1 Å/s, the water molecules coadsorbed with sulfate anions became
effectively invisible in the SEIRAS spectra. AFM images demonstrated that these gold
films were composed of small nanoparticles of 27 ± 8 nm. In the present work, we extend
this study to perchloric acid solutions. The comparison with previous results obtained in
sulfuric acid solutions allows a unique understanding of the properties of interfacial water
molecules coadsorbed with different anions. The selection of sulfate and perchlorate
anions for this comparison is due to the very different hydration properties of these
anions.25,26,46 Sulfate anions form strong hydrogen bonds with water molecules, with a
local structure similar to the pure water hydrogen bond network. Consequently, the
vibrational properties of water molecules in the hydration shell of sulfate anions are
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similar to bulk water (the O-H stretch frequency is nearly the same). On the contrary,
water molecules bonding to perchlorate anions behave quite differently from bulk water.
The strength of the hydrogen bonds formed between water molecules and perchlorate
anions is much smaller than in the case of sulfate anions. The number of hydrogen bonds
per water molecule in the hydration shell of perchlorate anions is quite small, and
consequently, the O-H stretch adsorption band is significantly narrower and blue shifted
with respect to bulk water. 25,26

2. Experimental Methods
The SEIRAS experiments were carried out with a Bruker Vertex80V vacuum
FTIR spectrometer, equipped with a liquid-nitrogen cooled Hg-Cd-Te detector,
employing the Krestchmann ATR configuration. The spectrometer operates at a pressure
<1.8 hPa, so that interference due to the absorption of water vapors or CO2 in the optical
path is virtually eliminated. Leaking of the electrolyte solution towards the optical bench
is avoided with the use of Teflon O-rings. The spectra were collected with p-polarized
light with a resolution of 6 cm-1. The incident angle was 60º from the surface normal. 16
interferograms were averaged for each spectrum, resulting in an acquisition time of 5
seconds per spectrum. During the experiments, the potential was scanned at 20 mV/s, and
thus, each spectrum represents the average IR response of a potential interval of 100 mV.
All spectra are presented as log(R0/R1), where R1 and R0 represent the intensities of the
reflected beam at the sample and reference potentials, respectively. Positive adsorption
bands correspond to species more strongly adsorbed at the sample potential, while
negative adsorption bands are due to species more strongly adsorbed at the reference
potential.
The gold thin layers were deposited on a silicon prism by using electron beam
evaporation in a UHV system (pressure<2x10-6 mbar). The evaporation rate and the final
gold thickness were controlled with a quartz crystal microbalance. Prior to the
experiments, the thin gold deposit was cleaned with acetone, isopropanol and thorough
rinsing with ultra-pure water. The cell and all glassware were immersed overnight in a
concentrated solution of KMnO4 that was slightly acidic. Later the solution was removed
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and the residual MnO4- was treated with a diluted solution of H2O2 and sulfuric acid (3:1)
and finally thoroughly washed with ultra-pure water.
The electrochemical measurements were performed with an Autolab PGSTAT12.
A gold wire was used as the counter electrode and a reversible hydrogen electrode (RHE)
as the reference electrode. All potentials in this work are referred to the RHE scale. The
electrical contact with the thin gold deposit was achieved with the help of a thin gold foil,
which was not in contact with the solutions. Solutions were prepared from high purity
reagents (HClO4 from Merck Suprapur) and ultra-pure water (Millipore MilliQ gradient
A10 system, 18.2 MΩ cm, <5 ppb total organic carbon). Ar (N66) was used to
deoxygenate all solutions. For the voltammogram presented here, the normalization of
current to current density has been performed by using the geometrical area of the gold
film in contact with the solutions (0.785cm-2).

3. Results and discussion
3.1. Cyclic voltammograms
Figure 1 shows a typical cyclic voltammogram of a thin gold film in 0.1 M
HClO4. This characteristic voltammogram indicates that the gold film is clean and
exhibits domains with Au(111) orientation.47,48 We measured essentially the same
voltammogram for all gold films with thicknesses ranging from 20 to 30 nm, and with
gold deposition rates varying between 0.1-1 Å/s.

3.1. SEIRAS measurements in perchloric acid solutions
Figures 2 and 3 show a series of typical SEIRAS spectra measured in an aqueous
solution of 0.1 M HClO4 with gold films prepared at two different deposition rates,
namely, 0.1 and 1 Å/s, respectively. For all films with a thickness varying between 20
and 30 nm, essentially the same results were obtained. While the SEIRAS spectra in
Figure 2 are in good agreement with a previous publication by Osawa and coworkers,28
the results in Figure 3, obtained with a faster deposition rate, are markedly different. In a
recent publication,45 we reported a similar effect of the deposition rate on the SEIRAS
spectra measured in an aqueous solution of 0.1 M H2SO4. Here we demonstrate that this
effect is not specific to sulfuric acid solutions.
6

We will follow the work by Osawa and coworkers28 for the assignment of the
SEIRAS bands in Figure 2. It should be recalled that all the spectra reported are potential
difference spectra measured with respect to a reference spectrum at Eref=0.05 V. At such
a low reference potential, the amount of anion adsorption is negligible. Consequently, the
SEIRAS bands in Figure 2 can be assigned as follows:
-The positive band at 1050-1150 cm-1, whose magnitude increases monotonically with
potential from E>0.4 V, is associated with the Cl-O stretching mode, ν(Cl-O), of
adsorbed perchlorate.
-Interfering with the ν(Cl-O) perchlorate band, there is a small negative band at 1115
cm-1, which is due to the Si-O stretching of silicon oxide. This band appears because the
gold deposits are formed by islands or grains, and in between these islands, some patches
of the silicon surface are exposed to the aqueous solution, producing the slow growth of a
silicon oxide layer.45
-At E≤0.4 V, there is a negative band near 3470 cm-1 associated with the O-H stretch
mode, ν(O-H), of interfacial water, and a negative band at 1615 cm-1, associated with the
H-O-H bending mode, δ(H-O-H). These signatures have been ascribed to water
molecules adsorbed with their hydrogen atoms somewhat closer to the gold surface (see
Figure 4A).28 In this orientation, the oxygen lone-pair orbital interacts with the gold
surface, explaining the observed low frequency of the δ(H-O-H) mode (compared to bulk
water). In addition, formation of hydrogen bonds with other water molecules would be
hindered in this orientation, in agreement with the observed high frequency of the ν(O-H)
mode. On the other than, in this orientation, the molecular axis is inclined by about 109º
from the surface normal, which would suggest that, in principle, the magnitude of the
ν(O-H) and δ(H-O-H) bands would be small. However, there are other factors that affect
the magnitude of infrared absorption bands, like the surface coverage and the derivative
of the transition dipole moment with the reaction coordinate. This orientation is in
agreement with theoretical studies on a negatively charged Au(111) surface.49 However,
model DFT calculations suggest water adsorption with one O-H bond pointing towards
the surface,50 or directed parallel to the surface.51
-At E≤0.4 V, there is also a broad negative band near 1700 cm-1, which has been ascribed
to the bending mode of the adsorbed hydronium cation. The actual species corresponding
7

to this band is probably not the H3O+ cation, but other hydronium-water complexes like
H5O2+, H7O3+ and H9O4+.52,53
-At E≥0.5 V, a broad positive ν(O-H) band near 3200 cm-1 starts to grow. This signature
has been ascribed to water molecules adsorbed on gold in an ice-like structure (see Figure
4B). DFT model calculations have shown that this is the most favorable structure of a
water bilayer on Au(111)54 and Au nanoparticles.55
-Additionally, at E≥0.5 V, a few other positive bands appear: a narrow ν(O-H) band at
3610 cm-1, a ν(O-H) band near 3400 cm-1 and a δ(H-O-H) band at 1650 cm-1. However,
these bands overlap with the negative bands mentioned above, which are still present in
the spectra. Indeed, the ν(O-H) band near 3400 cm-1 is partially hidden due to the
overlapping with the negative ν(O-H) band at 3470 cm-1, but further proof of the
presence of this band will be given below. These new features have been ascribed to
water molecules that are asymmetrically hydrogen bonded, i.e., water molecules with a
non-hydrogen bonded O-H moiety (yielding the narrow ν(O-H) band at 3610 cm-1) and a
hydrogen bonded O-H moiety (yielding the ν(O-H) band near 3400 cm-1). These water
molecules are coordinating coadsorbed perchlorate anions, and their two most likely
orientations are sketched in Figure 4C,D. These orientations are in agreement with
theoretical studies on a positively charged Au(111) surface.49 In these sketches, it is
assumed that water molecules coordinate the perchlorate anions through the edges of the
tetrahedron, as it is found in aqueous solutions.56,57
Next, we discuss the assignment of the spectra in Figure 3. Comparison with the
spectra in Figure 2 shows that:
- The ν(Cl-O) band of adsorbed perchlorate is affected only marginally by the change in
the gold deposition rate from 0.1 to 1 Å/s. The only difference is that, at E≥0.9 V, the
frequency of the ν(Cl-O) band is somewhat higher with gold films made at 1 Å/s (ca.
1150 cm-1, vs. ca. 1120 cm-1 with gold films deposited at 0.1 Å/s).
- The signatures characteristic of interfacial water in the spectra at E≤0.4 V remain also
unaffected by the change in the gold deposition rate. Thus, it is concluded that the
adsorption of water molecules with their hydrogen atoms closer to the gold (Figure 4A)
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and the adsorption of the hydronium-water complexes are not affected by the gold
deposition rate.
-The positive ν(O-H) band near 3200 cm-1 is also present at E≥0.5 V in the spectra in
Figure 3, evidencing that the adsorption of water in an ice-like structure (Figure 4B) is
also unaffected by the gold deposition rate.
-Finally, at E≥0.5 V, the following positive bands are absent in the spectra in Figure 3:
the narrow ν(O-H) band at 3610 cm-1, the ν(O-H) band near 3400 cm-1 and the δ(H-O-H)
band at 1650 cm-1. This means that the asymmetrically hydrogen bonded water molecules
coordinating coadsorbed perchlorate anions (Figure 4C,D) become invisible when the
gold deposition rate is changed from 0.1 to 1 Å/s.
Similar findings were obtained in our previous study of the effect of the gold
deposition rate on the SEIRAS spectra in sulfuric acid.45 We found that water molecules
coordinating coadsorbed sulfate anions also became invisible when the gold deposition
rate was increased from 0.1 to 1 Å/s. AFM images showed that gold films deposited at
0.1 Å/s are mainly composed of nanoparticles of 47 ± 11 nm, while gold films made at 1
Å/s are mainly formed by nanoparticles of 27 ± 8 nm. Noteworthy, the nanoparticle size
affects the special range of the SEIRAS effect, in such a way that, with smaller
nanoparticles, only species located in very close proximity to the surface are detected.58
This is because the enhancement of the electric field at the interface associated to the
excitation of surface plasmons decays steeply with the distance from the surface.
SEIRAS signals of interfacial species will be proportional to (a + d)-10, where a is the
local radius of curvature of the nanoparticle and d is the distance from the surface.59,60
Therefore, decreasing the nanoparticle size produces a more steeply decay of the SEIRAS
intensity with the distance from the surface.
Consequently, it can be proposed that water molecules coadsorbed with sulfate
and perchlorate anions are located at a certain distance from the surface. This would
explain the fact that they are not detected in SEIRAS measurements with small
nanoparticles. Alternatively, it can also be proposed that these water molecules are
oriented flat on small gold nanoparticles. The size of the Au(111) domains will be
smaller on smaller nanoparticles, and as a result, the adsorption of sulfate and perchlorate
anions would be more disordered.61 This could weaken the interaction with the
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coadsorbed water molecules, leading to water adsorption near parallel to the surface, as
predicted by DFT model calculations of water monomers on Au(111).54,62 Finally, it
should be noted that the SEIRAS spectra presented here and in ref.
anomalous band shapes. This was demonstrated in ref.

45

45

do not present

by showing that the adsorption

of a test molecule (carbon monoxide) leads to SEIRAS spectra with normal band-shape.
Further inspection of the spectra in Figure 3 reveals other interesting information.
Since in these spectra the positive bands due to water molecules coadsorbed with
perchlorate anions are absent, it is possible to study the negative bands in more detail. As
above mentioned, these negative bands are due to water molecules adsorbed with their
hydrogen atoms closer to the gold surface, and to hydronium-water complexes. It is
observed that the intensity of these bands monotonously increases with potential, which
suggests a monotonous decrease in the coverage of these species. These results strongly
suggest that the adsorption of perchlorate anions does not involve the coadsorption of
hydronium cations. Similar conclusions were previously obtained in relation to sulfate
anions.45
Finally, we will discuss how to separate the positive and negative bands that are
overlapping in the spectra in Figure 2. To perform such a separation, previous works used
a reference spectrum located at intermediate potentials.28-30 However, this strategy does
not produce an accurate separation of the bands. This is illustrated in Figure 5, where the
SEIRAS spectra in Figure 2 are plotted by using the spectrum at E=0.6V as the reference.
It is observed that the cancellation of the negative bands in the spectra is not complete.
These negative bands are due to species adsorbed at the reference potential. For the
present system, any value of reference potential would lead to the appearance of negative
adsorption bands.
Alternatively, the spectra in Figure 3 can be used to separate the positive and
negative bands in the spectra in Figure 2. This is based on the fact that the bands
associated to water molecules coordinating perchlorate anions are absent in the spectra in
Figure 3. Thus, subtraction of the absorption bands in the spectra in Figure 3 from the
spectra in Figure 2 should show the signatures of water coordinating perchlorate anions.
The results are shown in Figure 6. These spectra exhibit the presence of a narrow ν(O-H)
positive band at 3610 cm-1, a broader ν(O-H) positive band centered at 3430 cm-1 and a
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δ(H-O-H) positive band at 1650 cm-1. It is clearly observed that the subtraction of the
negative water signatures is accurate. Thus, the spectra in Figure 6 show that the bands
associated with water coordinating perchlorate anions start to grow at E>0.4 V, in
harmony with the appearance of the ν(Cl-O) band of adsorbed perchlorate in Figures 2
and 3. It is apparent that the intensity of these bands is correlated with the intensity of the
ν(Cl-O) band of adsorbed perchlorate, suggesting that these water molecules belong to
the hydration shell of adsorbed perchlorate anions. In the spectra in Figure 6, it is also
observed that the ν(Cl-O) band becomes bipolar. The origin of this bipolar band is not
clear, and it could be an artifact associated to the subtraction procedure used here.

3.3. SEIRAS measurements in sulfuric acid solutions
At this point, it is interesting to reconsider the SEIRAS measurements in sulfuric
acid solutions reported previously.45 In view of the discussion of the results in perchloric
acid solutions, we conclude that it is possible to separate the vibrational signatures of
water coordinating to anions, from other contributions in the experimental SEIRAS
spectra, by calculating the difference in the spectra measured with gold films prepared at
different gold deposition rates. Therefore, it is interesting to perform such a calculation
with the SEIRAS results in sulfuric acid solutions as well. The results are shown in
Figure 7. Several similarities with respect to the corresponding difference spectra in 0.1
M HClO4 in Figure 6 are observed:
-A positive ν(O-H) band grows at E>0.4 V, similar to the behavior observed in perchloric
acid solutions. However, in sulfuric acid solutions, there is a single band centered at 3490
cm-1, and its intensity increases much more markedly with potential than in perchloric
acid solutions.
-Simultaneously, a positive δ(H-O-H) band appears at E>0.4 V. This band is essentially
the same as that found in perchloric acid solutions.
-Finally, a positive band associated with the S-O stretching, ν(S-O), of adsorbed sulfate
anions is also observed. The presence of this band in the difference spectra in Figure 7 is
due to the fact that the intensity of this band increases if the gold films are made at an
slower deposition rate.45
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The bands due to water coordinating sulfate anions grow with increasing the
applied potential in a way that parallels the increase in the intensity of the ν(S-O) band of
adsorbed sulfate. Hence, these water bands likely belong to the hydration shell of
coadsorbed sulfate anions.
The frequency of the ν(O-H) band of water coordinating to sulfate and
perchlorate anions supports this explanation. Water molecules bonding to coadsorbed
sulfate have a ν(O-H) frequency relatively close to bulk water, resembling water
molecules in the hydration shell of sulfate anions in solution.25,26 On the contrary, water
molecules bonding to coadsorbed perchlorate show a blue-shifted ν(O-H) band, similar to
the hydration shell of perchlorate anions in solution.25,26
Finally, it is also noteworthy that the comparison of Figures 6 and 7 clearly shows
that the intensity of the ν(O-H) band of water molecules coordinating to sulfate anions is
clearly higher than that with perchlorate anions. This is probably related to the larger
strength of the hydrogen bond formed between sulfate anions and water molecules,46
which can lead to a larger net orientation of the water molecules and a larger infrared
absorption cross-section.

4. Conclusions
We have reported on the properties of water adsorption on gold from perchloric
acid and sulfuric acid solutions, as a function of the applied potential, as studied by
SEIRAS. It is observed that the structure of the gold films has a major impact on the
adsorption of water. Gold films deposited at 0.1 Å/s are mainly composed of
nanoparticles of 47 ± 11 nm, and the SEIRAS spectra measured with these films are in
good agreement with previous works.28-30 When the gold films are made at 1 Å/s, the
nanoparticle size is decreased to 27 ± 8 nm. The SEIRAS spectra measured with those
films show the characteristic bands due to water adsorbed with their hydrogen atoms
closer to the metal at low potentials, and ice-like structured water at intermediate
potentials, as is the case for gold films composed of larger nanoparticles. However, the
SEIRAS bands associated with water molecules coordinating to coadsorbed anions are
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absent, suggesting that the orientation of these water molecules is parallel with respect to
the surface.
Finally, the combination of both types of measurements allows a more detailed
study of the properties of water bonding to coadsorbed anions. This is done by
subtracting the spectra measured with gold films made at 1 Å /s from the corresponding
spectra measured at the same potential with gold films made at 0.1 Å /s. It is shown that
the intensity of the SEIRAS bands of these water molecules increases with potential in a
way that parallels the behavior of the ν(Cl-O) and ν(S-O) bands of coadsorbed
perchlorate and sulfate anions, respectively. This indicates that these water molecules
belong to the hydration shell of the coadsorbed anions. This notion is further supported
by the observation that their ν(O-H) frequencies resemble those of water molecules in the
hydration shells of these anions in bulk solution.25,26
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Figures Captions
Figure 1. Steady-state cyclic voltammogram of a thin gold film of 20 nm in 0.1 M
HClO4. Scan rate= 50 mV/s.
Figure 2. SEIRAS spectra at different potentials measured with a gold thin film of 20 nm,
deposited at 0.1 Å/s, and put in contact with a solution of 0.1M HClO4. The reference
spectrum was taken at Eref=0.05 V.
Figure 3. As in Figure 2, but with the thin gold film deposited at 1 Å/s.
Figure 4. Proposed model structures of water molecules adsorbed on gold.
Figure 5. The same spectra as in Figure 2, but using the spectrum measured at Eref=0.6 V
as the reference spectrum.
Figure 6. Difference spectra obtained by subtracting the spectra of Figure 3 from those of
Figure 2.
Figure 7. SEIRAS spectra of a gold film in contact with a solution of 0.1 M H2SO4.The
spectra shown are difference spectra and are obtained by subtracting the spectra measured
for a gold film deposited at 1 Å/s from the spectra measured for a gold film deposited at
0.1 Å/s.
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Figure 1. Steady-state cyclic voltammogram of a thin gold film of 20 nm in 0.1 M
HClO4. Scan rate= 50 mV/s.
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Figure 2. SEIRAS spectra at different potentials measured with a gold thin film of 20 nm,
deposited at 0.1 Å/s, and put in contact with a solution of 0.1M HClO4. The reference
spectrum was taken at Eref=0.05 V.

18

ν(Cl-O)

0.01 a.u.
ν (O-H)

δ(H-O-H)

E/V
1.1
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

3500

3000

2500

2000

wavenumber / cm

1500

1000

-1

Figure 3. As in Figure 2, but with the thin gold film deposited at 1 Å/s.

Figure 4. Proposed model structures of water molecules adsorbed on gold.
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Figure 5. The same spectra as in Figure 2, but using the spectrum measured at Eref=0.6 V
as the reference spectrum.
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Figure 6. Difference spectra obtained by subtracting the spectra of Figure 3 from those of
Figure 2.
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Figure 7. SEIRAS spectra of a gold film in contact with a solution of 0.1 M H2SO4.The
spectra shown are difference spectra and are obtained by subtracting the spectra measured
for a gold film deposited at 1 Å/s from the spectra measured for a gold film deposited at
0.1 Å/s.
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