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The cyclic voltammetric (CV) behaviour of gold adsorbed on Pt{hkI} electrodes is reported. It is found that
stepped surfaces vicinal to Pt{111} exhibit preferential adsorption of gold at step sites. However, for
stepped surfaces containing Pt{100} terraces, adsorption of gold at step and terrace site occurs with
equal probability, although for Pt{n 11} electrodes with n < 7 (i.e. electrodes containing short Pt{100} ter-
races), slight preference for step site adsorption is still observed. This behaviour is similar to that reported
previously for Bi adsorption on Pt{hkl1} and is interpreted in terms of slower rates of gold atom surface
diffusion across Pt{100} vs. Pt{111} terraces. By comparing the electrochemical response of gold adlay-
ers on Pt{h kl} with previously published bulk Au{hkl} voltammetry, it is deduced that the gold overlayers
on Pt{hkl} are pseudomorphic in nature. This finding is in agreement with previous UHV and electro-
chemical results for gold deposition on platinum. Using such gold modified Pt{hk!} electrodes as model
surfaces, we also report, for the first time, the electrooxidation of ethanol on Au/Pt{hkl} in alkaline aque-
ous solution. The ethanol oxidation reaction (EOR) is shown to be structure sensitive for submonolayer
gold coverages. In fact, a maximum in the rate of EOR at platinum sites adjacent to gold islands is observed
between approximately 0.4-0.6 monolayers of gold on Pt{100}, Pt{111}and Pt{110} in 0.1 M NaOH(aq).
A second electrooxidation state at more positive potentials for 0 < 65, <1 ascribed to EOR at pure gold
sites is also observed, at least for Pt{111} and Pt{100}. On Pt{111}, the potential range and activity of
EOR in this second process is similar to bulk gold whereas for submonolayer gold films on Pt{100},
the peak is shifted to more negative potentials.
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1. Introduction

The adsorption of adatoms on metal electrodes has been stud-
ied extensively since it allows for the optimisation of more selec-
tive and/or more active electrocatalysts for use in fuel cells [1-6].
This is particularly important if one wishes to utilise biofuels such
as ethanol in future fuel cell applications [7-10]. Ethanol is a noto-
riously difficult molecule to fully electrooxidise (to carbon dioxide)
since most electrocatalysts are rather inefficient at breaking the
C—C bond of ethanol and therefore, instead, tend to produce C2
side products such as acetic acid and acetaldehyde [11,12]. Hence,
much fundamental work has been undertaken to explore the role
of defects, adatoms and various electrode materials in facilitating
complete activation of ethanol [11,13-17]. Recently, we have been
exploring the feasibility of using Pt{hkl} electrodes as templates
for the formation of well defined monometallic and bimetallic
adlayers [18-21]. It is found that so long as the lattice parameter
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difference between the adsorbate and Pt is not too dissimilar, good
pseudomorphic analogues of the bulk adsorbate Miller index plane
may be reproduced using a combination of ‘forced deposition’ and
thermal annealing under well defined conditions [18-21]. In addi-
tion, interesting results have been reported previously when ada-
toms are preferentially deposited at stepped surfaces. In this
latter case, it has been reported that some adatoms preferentially
deposit on step sites whereas some others preferentially deposit
on terraces [2-6]. Platinum has been one of the metals that have
received most attention in this regard due to its intrinsic catalytic
properties. On platinum, copper [2], tin [3], antimony [4], bismuth
[3-6] and tellurium [4,6] have all been reported to decorate step
sites, whereas selenium [4,6] and sulphur [6] are reported to dec-
orate terrace sites preferentially. This behaviour has been ascribed
to differences in work function between platinum and the adsor-
bate. Those adsorbates exhibiting a lower work function than plat-
inum tend to populate step sites in preference to terraces [6].
However, we have reported that for bismuth adsorbed on Pt{hkl},
this type of behaviour is only observed for Pt{hkl} planes vicinal to
Pt{111} and that for surfaces containing more open planes, ran-
dom adsorption is observed [22].
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The promotional effect of various adatoms on platinum elec-
trodes used in the electrooxidation of small organic molecules
should also be noted [23-29]. The destabilisation of adsorbed poi-
sons such as CO formed during ethanol electrooxidation for exam-
ple [13,16] may be facilitated to a large extent via bifunctional
[13,16] or ligand [30] mechanisms associated with the presence
of the adatom.

In this paper, we report the deposition of gold on Pt{hkI} in or-
der to investigate the possibility of producing epitaxial and pseu-
domorphic gold adlayers. Such adlayers afford a rapid and
relatively inexpensive method of screening many structural as-
pects of electrocatalysis [31-33] and in the present context, we
wished to apply these advantages to the investigation of ethanol
electrooxidation. Since no studies of this reaction on either bulk
Au{hkl} or gold modified platinum single crystal electrodes are
to be found in the literature. In fact, such measurements should
provide an interesting comparison for future studies of the EOR
on bulk Au{hkl} electrodes. It is well-known that gold electrodes
afford a significant electrocatalytic activity towards the electrooxi-
dation of organic molecules [34-41] using alkaline aqueous elec-
trolytes but hardly any activity in sulphuric acid [39]. It is
thought that the ability of gold to adsorb stable surface OH [42] un-
der alkaline conditions together with the complete absence of ad-
sorbed CO poisoning species [39] may be responsible for this
behaviour. Indeed this behaviour of gold makes an interesting
comparator with recent studies of small supported gold heteroge-
neous catalysis that are reported to be extremely active for CO oxi-
dation at low temperature [43,44]. The growth behaviour of gold
on Pt{hkl} has been reported in UHV by Somorjai et al. [45,46]
and Borg et al. [47]. In both cases, pseudomorphic growth of the
gold adlayer was reported although gold deposition on clean,
reconstructed Pt{100}-hex surfaces caused an immediate lifting
of the clean surface reconstruction with significant disorder arising
due to the generation of many small Pt{100} islands sitting proud
of the surface [47].

In order to form a pseudomorphic gold adlayer on platinum, a
contraction of the gold bulk lattice of about 4% would be required.
Behm and coworkers also reported the growth of pseudomorphic
gold monolayers on Pt{11 1} using in situ STM and an electrochem-
ical underpotential deposition (UPD) process [48,49]. These work-
ers showed that the Stranski-Krastanov growth mode was
operative under their experimental conditions with pseudomor-
phic growth being observed up to two complete gold monolayers
followed by relaxation of the film towards the bulk gold lattice
constant and 3D nucleation and growth in the third and subse-
quent layers. Even for a well ordered Pt{111} substrate, these
workers also report an important role for steps in the initial nucle-
ation and growth kinetics of gold. Changes in overlayer lattice
parameter have recently been discussed in terms of influencing
surface electronic structure and hence electrocatalytic behaviour
[50-54]. Hence, contrasts between the electrocatalytic activity of
submonolayer and multilayer amounts of gold should yield inter-
esting insights since in the former case, the gold lattice is con-
tracted whereas one would expect a multilayer gold film to relax
back towards its bulk value, as indeed is reported in Refs. [45-47].

2. Experimental

Platinum single crystals were oriented, cut and polished from
small single crystal beads (2.5 mm diameter) as described previ-
ously [55]. Platinum metal used to manufacture the single crystal
electrodes was supplied by Goodfellow Metals Ltd. (>99.999% pur-
ity). The electrodes were flame-annealed and cooled down in a H,
atmosphere in the usual way [56]. It has been shown that this
treatment leads to the generation of well defined surfaces [57].

Electrochemical experiments were carried out in a conventional
three-electrode cell with a large Pt counter-electrode and a palla-
dium wire charged with hydrogen was used as a reference elec-
trode. All electrolytes were prepared using 18.2 MQ cm Milli-Q
water and Suprapur (Aristar) grade H,SO,4. Oxygen was eliminated
from the electrochemical cell by bubbling N, for 20 min. For etha-
nol electrooxidation measurements, a second cell was prepared
but using a 0.1 M ethanol (99.99%)+ 0.1 M NaOH (p.a. grade) in-
stead of sulphuric acid. All potentials are quoted vs. a Pd/H
reference.

Gold surface layers, with coverages ranging from submomolay-
ers to one monolayer (ML) were prepared by forced deposition [18]
from a dilute gold solution. The concentration of this aqueous solu-
tion was 107°-10"° M in AuCl; (Johnson Matthey 99.99% purity).
Once the deposition had taken place, the electrode was transferred
to an electrochemical cell where the surface was cycled from 0 to
0.85 V until a stable CV was recorded. This had the effect of electro-
chemically annealing the gold adlayer and manifested itself as a
gradual diminution in Pt hydrogen underpotential deposition (H
UPD) sites. The determination of the gold coverage was made from
an assumption of a one to one correspondence between Pt sites
blocked and the amount of gold adsorbed such that the area under
the H UPD region of the clean surface was ascribed to residual, free
Pt sites. Hence, the ratio of this residual H UPD area to that of the
clean surface H UPD charge corresponded to a fractional coverage
of gold in monolayers. The immersion in the gold solution and sub-
sequent reduction in hydrogen (forced deposition [18]) was re-
peated many times in order to increase gold coverage.

3. Results and discussion
3.1. Gold adsorption on Pt{hkl}

Fig. 1a-c shows the effects of gold deposition on the three plat-
inum basal planes, Pt{111}, Pt{100} and Pt{110]}, respectively.
Continuous deposition of gold gradually attenuates all terrace sites,
until no signal from the platinum substrate is recorded in the vol-
tammetric profiles. Voltammograms corresponding to one mono-
layer of gold appear very similar to those corresponding to the
gold basal plane [58] (although after multiple potential cycles, no
evidence for surface reconstruction peaks of Au{100} or Au{111}
[58] are observed - see later). The presence of Pt atoms within a
gold overlayer (surface alloys) is not expected from simple thermo-
dynamic considerations, since Au has a lower surface free energy
than Pt [59], and thus should be expected to grow layer by layer.
Gold overlayers on platinum have been reported to form 2D islands
with 3D growth observed at high gold coverage on polycrystalline
[60] and single crystalline samples [47].

Upon addition of gold to Pt{100}, the retention of the clean sur-
face CV profile in the potential range 0.0-0.4 V corresponding to
hydrogen underpotential deposition (H UPD) and dissolution and
anion adsorption-desorption (though continuously diminishing
in intensity) suggests that long range order in the residual
Pt{100}-(1 x 1) sites is being maintained. In contrast, the
Pt{111} “spike” at 0.43 V is quickly diminished even at low gold
coverage. Hence, for Au/Pt{111}, rapid diffusion of gold on the
close-packed {111} terrace is deduced causing gold to nucleate
as small islands over the entire surface leading to the break up of
the two dimensional long-range order of the surface (rapid atten-
uation of Pt{111} “spike”). Conversely, it may be deduced that
for Pt{100}, surface diffusion is sufficiently slow such that large
(1 x 1) gold islands form, hence preserving the intensity of the
0.33 V vs. Pd/H Pt{100}-(1 x 1) H UPD peak, related to the pres-
ence of large Pt{100} terraces, even at gold coverages close to 1
monolayer. For Pt{110} (Fig. 1c) it is not possible to describe the
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Fig. 1. Voltammetric profiles for consecutive gold depositions onto (a) Pt{111}, (b)
Pt{100} and (c) Pt{110}. Test solution: 0.1 M H,SO.. Sweep rate: 50 mV s~ '. Arrows
indicate change of current density with increasing Au coverage.

microscopic behaviour of Au deposition in such detail from the CV
alone since only a gradual blocking of clean surface sites can be ob-
served. In all cases however, it may be asserted that Au should be
growing as close-packed islands. Since transition metals deposited
on transition metals nearly always exhibit attractive lateral inter-
actions hence generating closely-packed islands [61]. Whether or
not it can be determined from this data that the islands are pseu-
domorphic is another question. However, examination of electro-
chemical oxide formation behaviour of the films strongly
supports this notion.

After full blocking of all Pt H UPD sites by gold adatoms was ob-
tained, the upper potential limit was increased to 1.6 V vs. Pd/H.
Fig. 2a-c illustrates the voltammetric response obtained for
Pt{111}, Pt{100} and Pt{110} respectively, for the new potential
window. No evidence for Pt electrochemical oxide formation was
apparent from these data as signified by the complete absence of
Pt electrooxidation peaks. For defect free Au{111} surfaces, sharp
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Fig. 2. Oxide potential region (OPR) of gold deposition on Pt flat surfaces in 0.1 M

H,S0,4 at sweep rate 50 mV s~ '. (a) 1 ML Au/Pt{111}, (b) 1 ML Au/Pt{100} and (c)
1 ML Au on Pt{110}.

gold electrochemical oxide peaks at 1.5V (formation) and at
1.1V (stripping) are reported by Hamelin and Schneeweiss and
Kolb [58,62]. Furthermore, these workers also report that a miss-
cut of only £1/2° from the Au{111} plane leads to a broadening
and a diminution in magnitude of Au{11 1} electrochemical oxide
peaks [63]. For a Au monolayer on Pt{11 1}, excellent (1 x 1) pseu-
domorphic order of the gold adlayer is therefore deduced prior to
gold electrochemical oxide formation since such bulk electrochem-
ical gold oxide peaks are reproduced in the gold film supported on
Pt{111}. This would also of course agree with previous findings by
Behm et al. [48,49].

For both Au/Pt{100} (Fig. 2b) and Au/Pt{110} (Fig. 2c), the
shape of the voltammogram in the oxidation region for the Pt elec-
trode fully covered by Au is almost identical to that reported for
highly ordered Au single crystals of the same symmetry [58].
Hence, good (1 x 1) pseudomorphic gold film formation is also de-
duced for Pt{100} and Pt{110} based on electrochemical analysis.
It should be noted that the complete blocking of the H UPD and an-
ion adsorption desorption contributions by gold also coincided
with complete blocking of the Pt-O reduction peaks (0.65V).
Hence, the ratio of charges between the Au-0 and Pt-O stripping
peaks, in addition to the attenuation of H UPD and anion adsorp-
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Fig. 3. Ten monolayer equivalents of gold deposited on Pt{100} and subsequently
flame-annealed to red heat in a Bunsen flame. First CV obtained after flame-anneal
and contact at 0V (Pd/H) in 0.1 M H,SO,4 at sweep rate 50 mV s~ . Sharp spike on
positive-going potential sweep corresponds to lifting of Au{100}-hex reconstruc-
tion [47].

tion desorption, may also be used to determine gold coverages.
One final piece of evidence in support of a pseudomorphic growth
mode for gold on platinum may be deduced from Fig. 3 which
shows the positive-going linear sweep voltammogram of a gold
multilayer on Pt{100} but annealed to “cherry red” in a Bunsen
flame and cooled in a stream of nitrogen.

It is observed that a large voltammetric peak is observed in the
double layer region of the CV. This peak is not observed on subse-
quent potential excursions and therefore may be identified with
the lifting of the Au{100} clean surface reconstruction [48,49].

The possibility of decorating platinum stepped surfaces vicinal
to Pt{111} and Pt{100} with gold was also examined in the pres-
ent study. Since the different adsorption processes, e.g. hydrogen
UPD and sulphate/bisulfate adsorption desorption are sensitive to
the site symmetry, it is possible to identify whether the deposition
of the adatom is taking place on the Pt terrace or on the Pt step.
Stepped surfaces vicinal to Pt{111} were examined first of all.

Fig. 4a, ¢ and e shows the effect of gold adsorption on the vol-
tammetric profile of Pt{755}, Pt{533} and Pt{211}. Initially, there
is a diminution in the intensity of the step peak at 0.22 V, without
significant change in the anion adsorption-desorption peak at
0.45V associated with Pt{11 1} terrace sites. This means that gold
adatoms must bind preferentially at the {111} x {100} step sites.
Nevertheless, some adsorption of gold adatoms on Pt{11 1} terraces
is seen to commence before all step sites are fully blocked. This
behaviour of gold is different to bismuth whereby complete block-
ing of step sites is followed subsequently by adsorption at terrace
sites [4-6]. Eventually, all terrace sites are also blocked by gold.

The decoration of steps by gold adatoms in the first stages of the
deposition can be explained by the process of surface diffusion
combined with the electrostatic attraction of the adatom for the
step site [6]. When a gold adatom is deposited at the surface, it dif-
fuses until it reaches a position of minimum energy. When gold
adatoms are deposited on the {111} terraces, they move over the
surface until they reach a step site, where they are trapped. Since
an adatom has a lower potential energy on these sites compared
with terrace sites, it remains at the step. Gold adatoms appear to
diffuse quickly over the surface during the first stages of deposi-
tion. Other adatoms show similar behaviour, such as bismuth [3-
6], tellurium [4,6], copper [2], tin [3], antimony [4]. Nevertheless,
as mentioned earlier, the selectivity of gold to adsorb at step sites
is reduced as compared to bismuth. Consideration of the difference

in work function between gold and platinum and bismuth and
platinum would, according to Feliu et al. [6], lead to less of an elec-
trostatic association with the step site dipole moment since the
polarity of the Au-Pt bond is much less than that of Bi-Pt [64]. This
probably accounts for the slight differences in behaviour between
the two adsorbates. Fig. 4b, d and f shows the corresponding elec-
trochemical oxide region for Pt{hkl} surfaces fully blocked with
gold. A striking difference between these stepped, vicinal surfaces
and Au/Pt{111} is the marked attenuation in the “Au{111}” elec-
trooxidation peak at 1.5 V as a function of step density. Hence, this
direct correspondence between step density and electrochemical
oxide peak intensity must indicate that the gold films on stepped
Pt{111} surfaces are also pseudomorphic. Further close inspection
of the CVs reveals that two new gold oxide adsorption peaks at
135V and 1.45V grow in intensity as surface step density in-
creases. Since the 1.45V peak is also observed with Au/Pt{100},
we tentatively ascribe the 1.35V peak to oxide formation on
{111} x {100} steps. The increase in step density is also mani-
fested as an increase in the magnitude of the oxide stripping peak
at approximately 0.95 V. In order to test these assertions still fur-
ther (pseudomorphic gold epitaxy coupled with structure sensitiv-
ity of gold oxide), stepped ({111} x {100}) surfaces vicinal to
Pt{100} were studied using Pt{711}, Pt{11,1,1} and Pt{13,1,1}
corresponding to 4, 6 and 7 atom wide terraces respectively.

Fig. 5a, c and e shows the effects of consecutive gold deposits on
these Pt single crystals. From the CVs, it is clear that deposition of
gold adatoms occurs at the same rate at steps and terraces for both
medium and high dosages of gold. Nevertheless, it is observed that
the wider the terrace, the more Au is deposited equally on terraces
and steps, probably due to the more hindered diffusion to step sites
across larger, more open Pt{100} terraces. Thus, for short {100}
terraces with {111} x {100} steps, the diffusion of gold from ter-
race to step site is achieved more readily (see initial deposit on
Pt{711}). After the initial gold deposit, subsequent behaviour is
governed by little apparent preference of gold atoms for either step
or terrace sites.

Inspection of the gold oxide peaks formed at highest gold cov-
erages (complete blocking of platinum sites) indicates systematic
changes in the structure of the peaks as a function of step density
and terrace type. Since these peaks are also consistent with bulk
gold single crystalline behaviour [65], one may deduce that gold
overlayers are pseudomorphic with the platinum substrate. Fur-
thermore, the growth in the intensity of the 1.45V oxide peak as
a function of increasing Pt{100} terrace width also confirms that,
as for surfaces vicinal to Pt{11 1}, this peak may be ascribed to gold
oxide formation at {100} sites. The corresponding decrease in the
1.35V “step {111}” peak as a function of decreasing step density
also confirms the nature of oxide formation in this case, namely
adsorption at {111} step sites. Hence, it may be possible to study
stepped gold single crystal surfaces using platinum single crystals
as a “template” whilst avoiding problems associated with the facile
reconstruction that is observed with pure gold surfaces [58,65].

3.2. Ethanol electrooxidation on Au/Pt{hkl} surfaces

Fig. 6 shows the initial, positive-going potential sweep obtained
for ethanol electrooxidation in alkaline electrolyte for the three ba-
sal planes of platinum as a function of fractional gold coverage.

The peak between 0.6 V and 0.8 V (peak A) is ascribed to elec-
trooxidation on platinum sites since this overlaps with the poten-
tial range found with clean platinum. All three gold-modified
planes exhibited a marked maximum in electrocatalytic activity
at approximately 0a, = 0.4-0.6 for peak A. This suggests strongly
that platinum sites adjacent to gold islands are more active than
gold-free sites and that the maximum in electrocatalytic rate is re-
lated to the surface density of such sites. As all platinum sites are
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Fig. 4. CVs of gold deposition on Pt stepped surfaces vicinal to {111} terraces in 0.1 M H,SO,4 at sweep rate 50 mV s~'. Arrows indicate changes of current density with
increasing Au coverage: (a), (b) Au/Pt{755}; (c), (d) Au/Pt{533}; (e), (f) Au/Pt{211}, (b), (d) and (f) represent the oxide potential region for the corresponding Pt{hkl} surface

fully blocked with gold.

eventually blocked by gold, the electrooxidation current in peak A
falls with only a weak residual peak due to some free Pt sites
remaining. In terms of overall catalytic activity, only taking into ac-
count current densities at the peak maxima in the cyclic voltam-
mograms from Fig. 6, Pt{111}>Pt{110}>Pt{100} and
interestingly, this order also holds for gold films on Pt{hkl} for

0au =~ 0.5 (Fig. 7). Hence, the EOR reaction is structure sensitive
with Au/Pt{111} surfaces in general exhibiting the greatest elec-
trooxidation currents. Whether complete oxidation of ethanol to
carbon dioxide or partial oxidation to ethanoic acid and other or-
ganic intermediates is taking place is unknown at the present time.
Unfortunately, preliminary DEMS measurements proved unreliable
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Fig. 5. CVs of gold deposition on Pt stepped surfaces vicinal to {100} terraces in 0.1 M H,SO,4 at sweep rate 50 mV s~!. Arrows indicate changes of current density with
increasing Au coverage: (a), (b) Au/Pt{711}; (c), (d) Au/Pt{11,11}; (e), (f) Au/Pt{13,11}, (b), (d) and (f) represent the oxide potential region for the corresponding Pt{hkI}
surface fully blocked with gold.

due to reaction between the alkaline aqueous electrolyte and
evolved carbon dioxide [66].

For Au on Pt{111} and Pt{100} (although not for Pt{110}), a
second EOR peak is observed at potentials positive of 1.0V for
0 < 0py <1 which is ascribed to ethanol electrooxidation on pure
gold sites since this potential range overlaps with the EOR peak
seen using a bulk Au{643} electrode. Inspection of peak B behav- o For gold on Pt{100}, peak B is situated at slightly more negative
iour confirms that it grows in intensity as a function of fractional
gold coverage up to 0a, =1 and then saturates. On Pt{111}, the
magnitude of peak B reaches an intensity close to that exhibited
by Au{643} at highest gold coverages (Fig. 7). Hence, the following
trends for peak B may be deduced:
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e For gold on Pt{111}, a well-developed peak B is observed at the
same potential and of similar magnitude as found using bulk
Au{643}. Therefore, it is deduced that gold films on Pt{111}
readily adopt an electronic structure giving rise to similar elec-
trocatalytic behaviour as bulk gold, even at submonolayer

potentials than observed for Au{643} for 0 < 04, < 1. However,
for coverages of gold >1 monolayer, a shoulder peak at potentials
similar to Au{643} is observed (not shown). Therefore, in con-
trast to the behaviour reported for Au on Pt{11 1}, it appears that
monoatomic thick gold films are electronically distinguishable
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Fig. 6. The initial, positive-going potential sweep obtained for ethanol electrooxi-
dation in alkaline electrolyte for the three basal planes of platinum as a function of
fractional gold coverage. Electrolyte: 0.1 M ethanol in 0.1 M NaOH (aq). Sweep rate
50 mVs~'. (a) Pt{100}, (b) Pt{110} and (c) Pt{111}. Insets indicate changes in
ethanol electrooxidation current density for peak A (see text) as a function of gold
coverage.

from bulk gold, at least in relation to EOR activity but for thicker
films, bulk gold behaviour obtains. Since in the earlier part of the
paper it was established that the gold film was pseudomorphic
with the Pt{100} substrate, this must reflect perturbation by
the Pt on the gold film giving rise to a more “Pt-like” behaviour
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Fig. 7. Comparison of ethanol electrooxidation behaviour in aqueous alkaline
electrolyte at optimal submonolayer gold coverage on (a) Pt{100}, (b) Pt{110} and
(c) Pt{111} with that on Au{643}. Electrolyte: 0.1 M ethanol in 0.1 M NaOH (aq).
Sweep rate 50mV s,

and a correspondingly lower overpotential for EOR relative to
pure gold.

e For Au/Pt{110}, no evidence for the presence of “peak B” could
be seen for 0 < 0a, < 1. For coverages of gold >1 monolayer, a
broad, low intensity peak could occasionally be observed at
potentials > 1 V which we ascribe to EOR activity on two or more
monoatomic thick gold islands. Hence, the absence of peak B for
gold on Pt{110} must reflect a strongly perturbed electronic
structure in the monolayer film as compared to bulk gold (as
described for Au/Pt{100}).

4. Conclusion

By comparing the electrochemical response of gold adlayers on
Pt{hkl} with previously published bulk Au{hkl} voltammetry
[58,65], it is deduced that the gold overlayers on Pt{hkl} are pseu-
domorphic in nature. This finding is in agreement with previous
UHV and electrochemical results [45-47] for gold deposition on
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Pt{111}. For gold adsorbed on Pt{hkl} electrodes, it is found that
stepped surfaces vicinal to Pt{11 1} exhibit preferential adsorption
of gold at step sites. However, for stepped surfaces containing
Pt{100} terraces, adsorption of gold at step and terrace site occurs
with equal probability, although for narrow Pt{100} terraces, some
preference for step site adsorption is still maintained. This behav-
iour is similar to that reported previously by ourselves for Bi
adsorption on Pt{hkl} [67] and is interpreted in terms of slower
rates of gold atom surface diffusion across Pt{100} vs. Pt{111} ter-
races. Using such gold modified Pt{hk![} electrodes as model sur-
faces, we also investigated the electrooxidation of ethanol on
Au/Pt{hkl} in alkaline aqueous media. Larger electrooxidation cur-
rents are observed at pH = 13 for submonolayer gold coverages rel-
ative to clean platinum. In fact, a maximum in the rate of EOR at
platinum sites adjacent to gold islands is observed between
approximately 0.5 and 0.6 monolayers of gold on Pt{100},
Pt{111} and Pt{110} in 0.1 M NaOH(aq). The ethanol oxidation
reaction (EOR) was shown to be structure sensitive with
{111}>{110}> {100} in terms of ethanol oxidation reaction rate
based on current density at EOR peak maxima. A second electrooxi-
dation state at more positive potentials for 0 < 04, <1 ascribed to
EOR at pure gold sites is also observed, at least for Pt{111} and
Pt{100}. The potential range and activity of EOR in this second pro-
cess on Pt{111} was similar to bulk gold whereas for Pt{100}, the
peak is shifted to more negative potentials whilst for Pt{110} the
peak is not observed at all. This behaviour is speculated to be a
reflection of electronic properties within the gold film deviating
from bulk gold in the order Au{643}~ Au/Pt{111} (0<0ay<1),
Au{643} ~ Au/Pt{100}(6a, > 1) and Au/Pt{110} only approaching
the electrocatalytic activity of bulk Au{643} at coverages well in
excess of one monolayer.
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