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Abstract The electrooxidation of D- and L-glucose at

chiral Pt{321}r/s single crystal electrodes modified with

Au, Ag and Bi adatoms up to a coverage of one monolayer

(ML) is reported. All adatoms investigated are found to

selectively decorate kink and step sites. Only at higher

coverages is adsorption onto the narrow {111} terrace sites

observed for Bi, Ag and Au, consistent with previously

reported adsorption behaviour on stepped surfaces vicinal

to the {111} plane for chemisorbates exhibiting a lower

work function than platinum. However, silver is found to

block {111} terrace sites even when Pt step sites are still

available on Pt{321}. This behaviour is ascribed to the

propensity of silver to undergo place-exchange to form a

surface alloy. The selective decoration of chiral kink sites

has a profound influence on the voltammetric response of

Pt{321} towards glucose electrooxidation. For bismuth

adsorption, the electrooxidation current density initially

increases and reaches a maximum when bismuth adsorp-

tion at {111} terraces commences. This is because the

reaction pathways at step/kink sites leading to the forma-

tion of adsorbed CO (a surface poison for the clean surface

reaction) and other strongly adsorbed intermediates, are

either blocked by adsorbed bismuth or their electrooxida-

tion and subsequent removal promoted. Once all step/kink

sites are blocked by bismuth, hardly any chiral discrimi-

nation can be discerned between r-/s-electrodes towards

D-/L-glucose. Silver adsorption does not cause any increase

in glucose electrooxidation current density but rather

induces a continual attenuation in glucose electrooxidation

activity, particular (in contrast to bismuth) electrooxidation

current at potentials in excess of 0.35 V. Therefore, unlike

for bismuth, the initial glucose adsorption and electrooxi-

dation processes associated with chiral kink sites appear to

be preserved even though silver adsorbs at these sites. It is

speculated that spontaneous place-exchange of silver with

platinum to form a PtAg surface alloy at steps is respon-

sible for this difference in behaviour between silver and

bismuth. Finally, gold neither promotes reaction rate nor

preserves chiral discrimination and is therefore deduced to

act as an inert site blocker (no alloying, no promotion of

CO electrooxidation) leading to complete attenuation of

glucose electrooxidation current at a coverage of one ML.

Keywords Chiral � Bimetallic � Surfaces � Glucose �
Electrooxidation

1 Introduction

Adsorption of adatoms on foreign metal substrates has been

studied extensively [1–6]. In electrocatalysis, the aim is to

generate more selective or more active catalysts [7].

Interesting results have been reported when metals are

preferentially deposited on stepped surfaces in particular.

For example, on platinum electrodes copper [8], tin [9],

antimony [10], bismuth [11, 12] and tellurium [11] have all

been reported to decorate preferentially the step sites,

whereas selenium [11] and sulphur [11] decorate terraces

preferentially. Feliu and coworkers [12] rationalised the

observed differences in deposition sites by examining the

electronic properties of the deposited adatoms, in particular

their work function. This has been interpreted by means of

a simple model in which partially charged adatoms interact

with the dipoles at the step sites [12]. They reported that

decoration of the steps is related to the work function
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differences between the adatoms and substrate. Thus a

lower work function value for the adatom favours the

deposition of that adatom on the step (e.g. Bi = 4.22 eV,

Pt = 5.7 eV) [13] in such a way that hydrogen adsorption

is blocked. Adatoms having a higher work function than

platinum (e.g. Se = 5.9 eV) [13] will be preferentially

adsorbed on the terraces. Interestingly, recent in situ

nanoscale, pulsed-laser experiments performed on Pt{111}

electrodes dosed with Pb, Bi, S and Se have confirmed the

veracity of this description of the resulting modification of

the dipole layer [14]. Such adsorption may occur close to

the terrace edge, as deduced from the modification of the

energy of hydrogen adsorption on the step [12]. Morgen-

stern et al. [15] explained qualitatively the observed

behaviour by considering the electronic charge density

deficiency at the upper part of a step due to the Smolu-

chowski effect. The lower charge density above the step

reduces the repulsive part of the interaction between the

platinum and the adsorbed species, resulting in a stronger

bond. In [12], it was proposed that a similar mechanism

would explain both the adsorption of the more electro-

negative adatoms on the step edge and those adatoms with

lower work function at step bottom sites. In many instances

superior electrocatalytic properties to the pure supporting

metal have resulted [16–18] and an important example of

this behaviour was bismuth adsorption on Pt{111} elec-

trodes which was shown to inhibit the spontaneous for-

mation of the surface poison adsorbed CO from formic acid

[19].

In the present study, we wish to exploit this ease of

generating bimetallic surfaces by irreversible adsorption

[20, 21] to re-examine early work in our laboratory and

others related to the enantioselective electrooxidation of

D- and L-glucose at well-defined chiral Pt{hkl} electrodes

[22–28]. From an electrochemical standpoint, D-glucose

(HCO–(CHOH)4–CH2OH) is not the chiral probe of choice

because of the complexity of its electrooxidation in aque-

ous solutions [26, 29, 30]. Glucose oxidation leads to the

production of gluconolactone, gluconic and glucaric acids

[31]. CO is also produced at the beginning of the electro-

oxidation which is adsorbed strongly on platinum and

blocks surface sites. Thus, a surface poison is produced

which inhibits glucose reactions (i.e. all electrolytic

activity is quenched [30, 32]). This occurs in the potential

range in which glucose is normally electrooxidised, and

therefore CO can only be removed at more positive over-

potentials. In addition, mechanistic studies have conclu-

sively demonstrated that the initial step of glucose

adsorption corresponds to the dehydrogenation of the

anomeric carbon atom followed at more positive potentials

by d-glucanolactone formation which then under goes

hydrolysis to form gluconic acid [26, 27]. As mentioned

previously, adsorbed CO has also been shown to form in a

parallel pathway together with other strongly adsorbed

intermediates [26, 27]. Hence, the glucose electrooxidation

currents at more negative potentials may be ascribed to

dehydrogenation/CO formation and currents at more posi-

tive potentials to the electrooxidation of strongly adsorbed

intermediates which cause self-poisoning of the electrode

surface unless oxidatively removed [26, 27].

Noting also that glucose electrooxidation is an extre-

mely structure sensitive reaction [30, 32], it therefore

allows for detailed investigation of changes in the elec-

trooxidation voltammetric profile as one changes surface

structural parameters, including sensitivity to the sense of

chirality exhibited by the surface [25, 33]. We have also

demonstrated that such chiral variations may be a conse-

quence of compositional change [24] although the intrinsic

chiral discrimination of r- and s-kinked surfaces [28, 34–37]

was preserved. Therefore, we now investigate the changes

engendered by selective decoration of step and kink

sites of a Pt{321} electrode by three markedly different

adatoms, Au, Ag and Bi and compare their behaviour

towards the enantioselective hydrogenation of D- and L-

glucose. In addition to these structural aspects of glucose

oxidation, it should be remembered that electrochemical

oxidation of organic molecules in general has been inten-

sively studied because the current generated in a fuel cell

configuration may be related to the amount of electroactive

species present. Hence, a fuel-cell-based sensor incorpo-

rating chiral discrimination would have profound implica-

tions for electroanalysis and electrosynthesis. The overall

aim of the study is to illustrate how the electrochemical

surface science approach may be used to demonstrate the

intrinsic chirality of certain types of clean metal single

crystal surfaces and, for the first time, their surface modi-

fied bi-metallic analogues.

2 Experimental

Platinum single crystals were oriented, cut and polished

from small single crystal beads (2.5 mm diameter) as

described previously [38]. Platinum metals used to manu-

facture the single crystal electrodes were supplied by

Goodfellow Metals Ltd ([99.999% purity). The electrodes

were flame-annealed and cooled in a H2 gas bubbler con-

taining ultra-pure water [39]. It has been shown that this

treatment leads to the formation of well-defined surfaces

[40]. Electrochemical experiments were carried out in a

conventional three-electrode cell with a large Pt counter-

electrode and a palladium wire charged with hydrogen was

used as a reference electrode in contact with the electrolyte.

All electrolytes were prepared using 18.2 MX cm Milli-Q

water and Suprapur (Aristar) grade H2SO4 at a concentra-

tion of 0.1 M. All glucose solutions (D- and L-glucose
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supplied by Aldrich 99.99 and 99.9% purity respectively)

were prepared using the same sulphuric acid electrolyte at a

concentration of 5 mM in glucose and allowed to stand for

24 h to allow for mutarotation as described previously [28,

41]. Oxygen was eliminated from the electrochemical cell

by bubbling N2 for 20 min.

Gold, silver and bismuth surface layers, with coverages

ranging from submonolayer (ML) to one ML were pre-

pared by spontaneous deposition from 10-5 to 10-6 M

aqueous solutions of HAuCl4, Ag(ClO4) and Bi(NO3)3

respectively supplied by Alfa ([99.9% purity). Once the

deposition had taken place, the electrode was rinsed with

Milli-Q water and transferred to an electrochemical cell

where the surface was cycled from 0 to 0.85 V until a

stable cyclic voltammetry (CV) was recorded. The absence

of adsorbate aqueous ions in the electrolyte assisted in

determining gold, silver and bismuth coverage in terms of

the fraction of hydrogen-underpotential deposition (H-

UPD) sites blocked since neither gold, silver or bismuth

electrosorb hydrogen. The immersion in the aqueous

solution of adsorbate ions sometimes needed to be repeated

several times in order to increase adatom coverage to the

required level. All voltammetric data was recorded at a

sweep rate of 50 mV s-1.

3 Results and Discussion

3.1 Metal Deposition at Pt{321} Single Crystal

Electrodes

Figure 1 shows changes in the CV of Pt{321}in aqueous

sulphuric acid electrolyte as a function of increasing bis-

muth loading. Previous work [12] has demonstrated the

propensity of bismuth adatoms to occupy linear step sites

and the present investigation supports these earlier find-

ings. Bismuth adsorption is characterized by a gradual

attenuation in the H-UPD charge region of the clean sur-

face with both {110} and {100} step sites (peaks at 0.07

and 0.21 V respectively) decreasing as bismuth coverage

increases whilst the {111} terrace site at 0.5 V remains

unchanged. Noteworthy however is the generation of new

H-UPD states just positive of the {100} step peak for Bi

coverages up to 0.65 MLs (in terms of fraction of clean

surface H-UPD charge blocked). Upon further addition of

bismuth, these new states, generated as a consequence of

bismuth adsorbed at defect sites are attenuated completely

and the growth of bismuth on {111} terraces is signified by

the appearance of redox peaks at 0.6 V which are clearly

split into two components. The {111} clean surface feature

at 0.6 V is seen to become much broader as bismuth cov-

erage exceeds 0.65 MLs. The splitting of the bismuth

redox peak into two components is reminiscent of previous

work in our group which investigated Bi on Pt{111}

electrodes [42]. In that study, the splitting of the bismuth

redox peak was ascribed to a change from purely bridge

((H3 9 H3)R30� phase) to a mixture of atop and multi-

fold bismuth adsorption sites as the bismuth coverage

exceeded the nominal coverage of 0.33 MLs expected of

the (H3 9 H3)R30� structure. Hence, the formation of a

‘‘compressed’’ hexagonal phase was speculated to lead to a

multiplicity of bismuth adsorption sites each possessing its

own, specific redox potential. We suggest a similar phe-

nomenon is happening for bismuth adsorbed on the narrow

{111} terraces of Pt{321} surface at high bismuth loadings.

The increase in intensity of features at potentials [0.7 V is

associated with the presence of analogous surface bismuth

redox peaks due to bismuth adsorbed at {110} and {100}

sites together with bismuth oxidative stripping from the

surface at these sites [11]. Hence, potential sweeps positive

of 0.85 V were avoided in the present study since the

surface coverage of bismuth would be modified by such

potential excursions.

Figure 2 shows identical measurements to those depic-

ted in Fig. 1 except bismuth is now replaced with silver.

Initial silver adsorption is somewhat similar to bismuth in

that gradual attenuation of all H-UPD peaks is observed as

a function of increasing coverage. However, some attenu-

ation of the remaining {111} peak is apparent and in fact

the {111} site is blocked completely at 0.6 MLs. This

behaviour is mostly in accordance with expectations based

on differences in work function between silver and plati-

num [12, 13, 15] although the blocking of {111} sites is

unusual. In addition to site blocking, new H-UPD states

situated between the potentials of the {100} and {110} step

peaks are induced by silver deposition at 0.16 V.
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Fig. 1 Voltammetric profiles for consecutive bismuth depositions

onto Pt{321}, low-medium coverage (0, 0.35, 0.65 MLs) and high

coverage (0.96 MLs). Test solution: 0.1 M H2SO4. Sweep rate: 50

mV s-1. Arrows indicate change of current density with increasing Bi

coverage
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These have been noted previously [43, 44] and in this

case may be ascribed to partial filling of {110} sites by

silver from measurements using Pt{332} electrodes [43,

44]. There is also some intensity generated at potentials

just positive of the {100} step site at 0.25 V as found for

bismuth and this ‘‘shift’’ in the Pt{100} step peak when

silver is adsorbed has also been seen with Pt single crystal

electrode surfaces containing linear {100} 9 {111} steps

[44]. It should also be mentioned that Fig. 2 depicts the

stable CVs obtained after several potential cycles. If the

initial CV only is plotted as a function dosing with silver,

a response very similar to Fig. 1 is obtained. This indi-

cates that there is a time dependent surface process

occurring when silver is adsorbed at Pt. We have already

noted the marked tendency for silver to alloy at platinum

surfaces [44, 45] and indeed, in both ours and other

electrochemical and surface science studies, such a phe-

nomenon is well reported [45–52]. Therefore, we ascribe

the generation of new H-UPD states on Pt to be due to

place-exchange of silver at step/defect sites forming a

surface alloy. These sites may even act as nucleation

centres for alloying at terraces [45] and this is thought to

explain the differences between silver and bismuth. Silver

coverage in excess of 0.5 MLs leads eventually to a

single, broad surface alloy H-UPD state at 0.19 V which

is gradually attenuated. It proved difficult to place-

exchange all Pt atoms of the electrode surface (as signi-

fied by the resilience of the H-UPD feature) and the

nominal fractional coverage at highest silver loading

remained around 0.9.

Figure 3 depicts the behaviour of gold when deposited

on Pt{321}. Like bismuth and silver, preferential

adsorption at step/defect sites is noted initially although

as reported previously [53], there is a greater tendency for

gold to adsorb on {111} terrace sites even when vacant

step sites are available. This behaviour is thought to relate

to the much smaller difference in work function between

platinum and gold relative to silver/bismuth and platinum

reducing the attractive interaction between the step dipole

and the polarized gold adatom [53]. In addition, no evi-

dence for the induction of new H-UPD states was dis-

cerned from the data. Rather, all H-UPD states are

blocked in a systematic fashion and the total decrease in

charge was linear as a function of gold dosing. Therefore,

we conclude that gold is an inert site blocker, does not

undergo surface alloying with platinum at room temper-

ature like silver and adsorbs preferentially, though not

exclusively, in step/defect sites. Hence, each metal ad-

atom behaves in its own distinct manner and in the next

section, the effect on glucose electrooxidation is

monitored.
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Fig. 2 Voltammetric profiles for consecutive silver depositions to

obtain a stable CV onto a Pt{321}, low-medium coverage (0, 0.1, 0.2,

0.3, 0.4, 0.5 MLs), b Pt{321}, high coverage (0, 0.5, 0.6, 0.75, 0.85,

0.90 MLs). Test solution: 0.1 M H2SO4. Sweep rate: 50 mV s-1.

Arrows indicate change of current density with increasing Ag

coverage
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Fig. 3 Voltammetric profiles for consecutive gold depositions onto

Pt{321}. Gold coverages = 0, 0.15, 0.33, 0.5, 0.65, 0.77, 0.88, 1.0

MLs. Test solution: 0.1 M H2SO4. Sweep rate: 50 mV s-1. Current

density decreases with increasing Au coverage
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3.2 Electrooxidation of D- and L-Glucose on Clean Pt

Chiral Crystals and Their Surface Bimetallic

Analogues

3.2.1 Clean Pt{321}r/s

Figure 4 shows the first positive going potential sweep of

the linear sweep voltammetry (LSV) obtained using

Pt{321}r/s chiral electrodes in contact with D- and L-glucose

in aqueous sulphuric acid. The result obtained is similar to

that reported previously [23, 25, 28] showing a clear dia-

stereomeric response depending on the nature of the glu-

cose being electrooxidised (D- or L-) and the symmetry of

the electrode surface.

As described in the introduction, glucose electrooxida-

tion is intrinsically complex but it is possible from previous

work to relate the diastereomeric differences recorded to

particular adsorption events [26, 27, 30, 32]. The data in

Fig. 4 refer to the first, positive going sweep from 0 V. At

0 V, no activity for glucose electrooxidation or electrore-

duction is observed. Negative of 0.4 V there are three

glucose electrooxidation peaks generated although the peak

at 0.3 V is absent for the L-/s- and D-/r-diastereomeric

combination. This peak has been shown to correspond to

the initial dehydrogenation step at {111} terraces [26].

Hence, a strong aspect of the process of chiral discrimi-

nation using Pt{hkl}r/s electrodes is the ease with which

glucose orientates itself with respect to the {111} plane in

order to facilitate dehydrogenation and adsorption. In

addition, there are two other peaks coincident with the

potential of the {110} and {100} step peaks of the clean

surface which correspond to the initial dehydrogenation/

adsorption reaction at these sites [23]. The {100} step

appears to be particularly active for this reaction compared

to {110} steps as signified by the large current density

observed at 0.2 V relative to 0.07 V and this behaviour has

been noted previously [30, 32]. Subsequent potential cycles

(not shown) indicate the build-up of site blocking inter-

mediates at steps which greatly diminishes the chiral

response compared to the pristine, clean Pt{321} electrode

of the first LSV. The fundamental differences between the

diastereomeric responses depicted in Fig. 4 are determined
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Fig. 4 LSVs for the

electrooxidation of 5 mM

glucose on Pt{321} in 0.1 M

H2SO4 at sweep rate

50 mV s-1: a D-glucose/

Pt{321}r, b L-glucose/Pt{321}r,

c D-glucose/Pt{321}s, d L-

glucose/Pt{321}s. DH1 and

DH2 peaks are indicated (see

text)
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by the relative activities (current densities) associated with

dehydrogenation at {100} step (denoted DH1) and dehy-

drogenation at {111} terrace sites (denoted DH2). From

inspection of Fig. 4, it is evident that:

(i) D-glucose ? Pt{321}s and L-glucose ? Pt{321}r give

the same voltammetry with

DH2 [ DH1

(ii) D-glucose ? Pt{321}r and L-glucose ? Pt{321}s give

the same voltammetry with

DH1 [ DH2

It is difficult to ascribe a clear, single process to the

broad single peak observed at potentials [0.35 V except to

say that it appears to correspond to both electrooxidation of

strongly adsorbed intermediates of glucose and deeper

electrooxidation of glucose itself, perhaps with some CO

electrooxidation as well [26, 27, 30, 32].

In fact a further, very small peak at 0.65 V can be dis-

cerned particularly for the D-/r- and L-/s-combination which

is very reminiscent of CO electrooxidation on platinum

electrodes. In the present study, we simply note that such

processes of fragment electrooxidation and deeper glucose

oxidation may be readily delineated from the initial

dehydrogenation/adsorption steps occurring at more nega-

tive potentials.

3.2.2 Bi/Pt{321}r/s

Figure 5 shows changes in glucose electrooxidation LSV as

a function of bismuth coverage. For both Pt{321}r and

Pt{321}s, the {110} step D- and L-electrooxidation current

density at 0.07 V is seen to gradually decrease in size as

bismuth coverage increases until all activity is quenched as

{111} terrace sites begin to be occupied by bismuth (cov-

erages [0.65 MLs). A similar trend is found for the {100}

step peak at 0.22 V although interpretation is complicated

by the enormous changes taking place with the initial {111}

dehydrogenation peak at 0.3 V and the peak corresponding

to electrooxidation of strongly adsorbed molecular frag-

ments which both increase in magnitude significantly.

Hence, it is deduced that blocking of step sites by bismuth

promotes glucose electrooxidation at residual {111}

terraces. This also leads to a remarkable switch in the
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Fig. 5 LSVs for the

electrooxidation reaction of

5 mM glucose on Bi-decorated

Pt{321} in 0.1 M H2SO4

at sweep rate of 50 mV s-1:

a D-glucose/Bi/Pt{321}r,

b D-glucose/Bi/Pt{321}s,

c L-glucose/Bi/Pt{321}r,

and d L-glucose/Bi/Pt{321}s
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relative magnitudes of DH1 and DH2 contributions with a

clear DH2 peak now being observed in both the D-/r- and

L-/s-combinations for bismuth coverages \50% where

absolutely no peak was observed previously for the clean

surface. Interestingly, for the D-/s- and L-/r-combination, a

diminution in DH2 contribution is observed in the same

range of bismuth coverage. In both cases, the DH1 contri-

bution is gradually attenuated until when all step sites are

blocked, only the peak corresponding to electrooxidation of

strongly adsorbed intermediates remains. Crucially, at this

stage, there appears to be no chiral discrimination at all and

every Pt{321} LSV is similar irrespective of the D-/L-/r-/s-

combination. Hence, in contrast to clean platinum, for bis-

muth coverages between 0 and 0.6 MLs:

(i) D-glucose ? Pt{321}s and L-glucose ? Pt{321}r give

the same voltammetry with

DH2 \ DH1

(ii) D-glucose ? Pt{321}r and L-glucose ? Pt{321}s give

the same voltammetry with

DH1 \ DH2

3.2.3 Ag/Pt{321}r/s

Figure 6 shows the diastereomeric LSV data for glucose

electrooxidation for silver-modified Pt{321}. In contrast to

bismuth, no promotion of glucose electrooxidation activity

is seen. Furthermore, instead of quenching of the dehy-

drogenation reactions at the various adsorption sites on the

electrode surface, the action of silver is initially to inhibit

electrochemical reactions occurring at positive potentials

associated with strongly adsorbed intermediates. This,

together with the overall linear decrease in glucose elec-

trooxidation activity as a function of silver loading, indi-

cates silver adsorbed on platinum clearly acts as a poison.

Nonetheless, unambiguous chiral discrimination is being

observed even up to the highest Ag coverages (*0.7 MLs).

As mentioned earlier, the ability of the chiral kink sites to

maintain an influence on the initial dehydrogenation/

adsorption steps of glucose (in contrast to bismuth) must be

associated with the presence of Pt surface atoms at such

sites due to place-exchange and surface alloy formation. In

contrast to bismuth however, there is no switching of the

relative magnitudes of DH1 and DH2 as silver coverage
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Fig. 6 LSVs for the

electrooxidation reaction of

5 mM glucose on Ag-decorated

Pt{321} in 0.1 M H2SO4

at sweep rate 50 mV s-1:

a D-glucose/Ag/Pt{321}r,

b L-glucose/Ag/Pt{321}r,

c D-glucose/Ag/Pt{321}s,

d L-glucose/Ag/Pt{321}s
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increases. Rather, as for the clean surface Pt{321}

electrode:

(i) D-glucose ? Ag/Pt{321}s and L-glucose ? Ag/Pt{321}r

giving the same voltammetry with DH2 [ DH1

and

(ii) D-glucose ? Ag/Pt{321}r and L-glucose ? Ag/Pt{321}s

giving the same voltammetry with DH1[DH2

Also, unlike for bismuth, it is evident from Fig. 6 that

the electrooxidation processes positive of 0.35 V, ascrib-

able to electrooxidation of glucose-derived strongly

adsorbed intermediates, is almost entirely attenuated as

silver coverage increases whereas a measurable dehy-

drogenation/adsorption intensity between 0 and 0.2 V is

always found. Taken together with the contrasting behav-

iour of silver and bismuth in relation to reactivity towards

{111} terrace sites (and the fact that electrooxidation cur-

rents at potentials [0.35 V reach a maximum for bismuth

when all step/kink sites are blocked), we ascribe this

behaviour of silver to the process of silver place-exchange

at terrace sites. That is, as soon as Pt{111} terrace sites

become blocked by silver, all electrocatalytic activity

becomes reduced significantly. This is consistent with

previous reports whereby the ‘‘narrowing’’ in average

Pt{111} terrace width for clean Pt{hkl} electrodes was

shown to lead to a remarkable decreases in electrocatalytic

activity towards glucose [30].

Figure 7 shows the result of continuous gold adsorption

on the electrocatalytic activity of Pt{321} towards glucose

electrooxidation. Like silver, a linear decrease in electro-

oxidation current density as a function of gold coverage is

observed although unlike silver, it appears that both the

dehydration/adsorption step and electrooxidation of

strongly adsorbed intermediates is attenuated equally. In

contrast to bismuth as well (but similar to silver) no pro-

motion of glucose electrooxidation is observed for gold.

That is, taken overall, no evidence for place-exchange
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Fig. 7 LSVs for the electrooxidation reaction of 5 mM glucose on Au-decorated Pt{321} in 0.1 M H2SO4 at sweep rate 50 mV s-1: a D-glucose/

Au/Pt{321}r, b L-glucose/Au/Pt{321}r, c D-glucose/Au/Pt{321}s, d L-glucose/Au/Pt{321}s
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between gold and platinum is apparent and the gold ada-

toms appear to be acting as simple site blockers.

This result is consistent with the fact that although gold

initially adsorbs at defect sites, it also exhibits some pref-

erence for {111} terrace sites even though vacant step sites

may still be available [53]. Hence, the blocking of clean

surface sites by gold adatoms is much less selective than

either bismuth in particular, or silver, leading to an almost

non-selective attenuation of the clean surface voltammetry.

At around 70% gold coverage all dehydrogenation peaks

are weak and only the electrooxidation of glucose-derived

strongly adsorbed intermediates at {111} terraces remains.

Minor chiral discrimination may be observed for most

gold coverages but it is more subtle than before but similar

to the clean surface response. Because of this very weak

differentiation, Fig. 8 shows the same measurements as in

Fig. 7 but for a still more kinked Pt{531} [54] electrode in

order to accentuate the chiral response. Note that overall,

electric current densities are smaller for Pt{531} compared

to Pt{321} since Pt{531} is ostensibly free of any {111}

terrace sites. However, as found for clean Pt{hkl} electrode

surfaces, the extent of chiral discrimination for the bime-

tallic gold surface is a function of the surface density of

kinks [25].

4 Conclusion

The electrooxidation of D- and L-glucose at chiral Pt{321}r/s

single crystal electrodes modified with Au, Ag and Bi

adatoms up to a coverage of 1 ML has been investigated.

Bi, Ag and Au selectively decorate kink and step sites at

low coverages. Only at higher coverages is adsorption onto

the narrow {111} terrace sites observed. This behaviour is

consistent with previous studies on stepped surfaces vicinal

to the {111} plane for chemisorbates exhibiting a lower

work function than platinum. However, silver is found to

block {111} terrace sites even when Pt step sites are still

available. This characteristic response is ascribed to the

propensity of silver to undergo place-exchange to form a
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Fig. 8 LSVs for the

electrooxidation reaction of

5 mM glucose on Au-decorated

Pt{531} in 0.1 M H2SO4 at

sweep rate 50 mV s-1: a D-

glucose/Au/Pt{531}r, b L-

glucose/Au/Pt{531}r, c D-

glucose/Au/Pt{531}s, d L-

glucose/Au/Pt{531}s
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surface alloy. The selective decoration of chiral kink sites

has a profound influence on the LSV of Pt{321} during

glucose electrooxidation. For bismuth adsorption, the

electrooxidation current density initially increases and

reaches a maximum when bismuth adsorption at {111}

terraces commences (all step sites occupied). This is

because the reaction pathways at step/kink sites leading to

the formation of adsorbed CO (a surface poison for the

clean surface reaction) and other strongly adsorbed inter-

mediates, are either blocked by adsorbed bismuth or their

electrooxidation and subsequent removal promoted. Once

all step/kink sites are blocked by bismuth, hardly any chiral

discrimination can be discerned towards D-/L-glucose. Sil-

ver adsorption does not cause any increase in glucose

electrooxidation current density but rather induces a con-

tinual attenuation in glucose electrooxidation activity,

particular (in contrast to bismuth) electrooxidation current

at potentials in excess of 0.35 V. Therefore, unlike for

bismuth, the initial glucose adsorption and electrooxidation

processes associated with chiral kink sites appear to be

preserved even though silver ostensibly adsorbs at these

sites. It is speculated that spontaneous place-exchange of

silver with platinum to form a PtAg surface alloy at steps is

responsible for this difference in behaviour between silver

and bismuth. Finally, gold neither promotes reaction rate

nor preserves chiral discrimination and is therefore

deduced to act as an inert site blocker (no alloying, no

promotion of CO electrooxidation) leading to complete

attenuation of glucose electrooxidation current at a cover-

age of one ML.
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