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CHAPTER FIVE

ENANTIOSELECTIVE OXIDATION OF D- AND L-GLUCOSE AT WELL-
DEFINED METAL SURFACES

5.1. Introduction

The conditions thought necessary to observe enantioselective adsanptsngle crystal
surfaces were described by Gellman and co-workers [1]. Tlygested that certain sites at
kinked single crystal metal surfaces should be considered as derag provided the two
steps constituting the kink site were of unequal length [1]. Reftethrough a plane normal
to such a surface produces a new surface which itself cannot berggs=d upon the
original, and thus such kink sites should be chiral. Hence, chiralitylé be absent when
surfaces contain steps of equal length on each side of the kink.

To examine this hypothesis concerning the intrinsic chiralitynetal kink sites, a chiral
probe is required. Gellman and co-workers [1] investigated the adsogtd desorption of
2-butanol on Ag(643) and Ag(643); in particular, they examined the difference in
desorption enthalpies of R- and S-2-butanol using temperature-progdam@serption
(TPD) [2]. The (643) plane may be written in microfacet notationd8]3(111%(310), i.e., a
three atom wide (111) terrace separated by zigzag (310). $lefsrtunately, within the
precision of their experimental technique, no enantioselectivity couldebected in the
desorption of (R-) or (S)-2-butanol from either Ag(64®r Ag(643¥ (i.e. there was no
measurable difference in desorption enthalpies to withinl kcal mot). In addition, no
difference was observed in the decomposition kinetics of the enantoaiexides formed
on preoxidised Ag(6438)and Ag(643] surfaces.

Theoretical work by Sholl [4] confirmed that chiral discrimipatibetween kink sites and
asymmetric molecular centres should give rise to an enantonmesponse (enantiospecific
energy difference).

In their original paper, Gellman et al. [1] proposed that a nagessid sufficient condition
for observing chirality in single crystal substrates wasdt® whether the magnitudes of the
step lengths comprising the kink sites were different. If theyewthe surface would be
chiral. Attard and co-workers [5,6] suggested that this interppatatas an approximation

since it did not take into account the surface geometry of the daivVMiller index planes
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of the two steps the junction of which forms the kink site. Accordingttiard, all kink sites
should be considered as being chiral, even when the two steps haveeegtm. |A detailed
analysis of the surface crystallography for f.c.c. systeusals that all kinked surfaces are
chiral, irrespective of the magnitude of step lengths comprisingitike save for the meso
forms such as “stepped” surfaces of the n(¥1X)0) or n(100%(110) type.

In the present work the low reactivity Ag substrate used by Gellman has beseddpy the
more reactive surface of platinum, and glucose, a relativeldg larobe molecule containing
five chiral centres, has been used instead of 2-butanol. It was hopdueemodifications
would enhance the likelihood of an enantioselective interaction.

Electrochemical investigations of glucose oxidation using polydliysteelectrodes have
been described [7-12] and have been extended to include surfaces offivetl-deystalline
structure [13-16]. The structure-sensitive nature of glucose oxidaisrbéen confirmed
[13-16], particularly in relation to the dependence of oxidation rate on terrace width.
From an electrochemical standpoint, D-glucose (HCO-(CH@HH,OH) is not the chiral
probe of choice because of the complexity of its electro-oxidatioaqueous solutions
[13,16,17]. Glucose oxidation leads to the production of gluconolactone, glucothic an
glucaric acids [18]. However, CO is also produced at the beginnitige @flectro-oxidation
which is adsorbed strongly on platinum and blocks surface sites, dtagface poison is
produced which inhibits glucose reactions (i.e. all electrolytiwiacis quenched [15,16]).
This occurs in the potential range in which glucose is normabtrel-oxidised, and this CO
can only be removed at more positive overpotentials.

The principal advantages of D-glucose as a chiral probe ar# thatot expensive and can
be obtained in a very pure form. Furthermore, its enantiomer, L-glualbseugh not cheap,
is commercially available. Glucose gives rise to a strongtiase-sensitive electrochemical
oxidation current at platinum single crystal electrodes [16].

Structure-sensitive reactions involve adsorption. Thus, if the iniéplia D-glucose electro-
oxidation is chemisorption onto the electrode surface, then the engrgetids adsorption
step may be influenced by the “handedness” of any chiral kink gresent in the surface
and this should be detectable by following changes in the electro-oxidation current.
Since glucose undergoes mutarotation in agueous solutions (see Gbapjefl9], one
should always prepare such solutions at least 12 hours prior to artyo&iemical

measurement to allow time for equilibrium to be reached.
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Furthermore, the rates of all these reactions depend on sumactirs, and also on anion
adsorption, the dependencies being different for each type of surface site [16].

In addition to these structural aspects of glucose oxidation, it shheutémembered that
electrochemical oxidation of organic molecules in general has imensively studied
because the current generated in a fuel cell may beddlatdhe amount of electroactive
species present. Hence, a fuel-cell-based sensor incorporatragy diecrimination would
have profound implications for electroanalysis and electrosynthesis.

The aim of the study presented in this chapter is to illudt@tethe electrochemical surface
science approach was used to demonstrate, for the first timatrihsic chirality of certain

types of clean metal single crystal surfaces and their surface mod#ieetdliic analogues.

5.2. Resaults

5.2.1. Electro-oxidation of D- and L-glucose on clean Pt chiral crystals

5.2.1.1. Pt(643)% and Pt(643)°

Fig. 5.1lillustrates the voltammetric response of Pt(643) electrode in actowith 0.1 M
sulphuric acid. Three adsorption peaks are identified. The broad pealebé8® and 0.7
V is assigned to ionic adsorption from solution onto (111) terraces.nahewer, more
intense peak at 0.22 V is associated with n(2110) step sites [20]. Hence, the presence of
(100) adsorption sites on Pt(643) is confirmed. Similarly, the peak(0& V has been
demonstrated to be characteristic of (X{1)1) or “110” sites [21]. Therefore, all of the
adsorption sites predicted to be present on unreconstructed Pt(643) sugaaleserved
experimentally. Furthermore, since the area under each peak gleflelct the surface
concentration of that particular type of site, the CV in Fig.i§.&ntirely consistent with
unreconstructed Pt(643).

In contrast to the behaviour at achiral surfaces (see Ch@pty, when glucose electro-
oxidation was repeated using (chiral) Pt(64&hd Pt(643) electrodes, a clear enantiomeric
response was obtained dependent on the stereochemical configuratibe gfutose
molecules (Fig. 5.2). Thus, D-glucose electro-oxidation on P{{64a@y observed to be
identical to L-glucose electro-oxidation on Pt(643and, L-glucose electro-oxidation on
Pt(643f was indistinguishable from D-glucose electro-oxidation on Pt{643)nce the

concentration of D- and L-glucose was 5 mM in all cases, therelifce in voltammetry



212

represents chiral discrimination associated with the symni@tor S) of the surface. A true
chiral recognition occurred in respect of the interaction betwbial @dsorbate and chiral
adsorbent.

A classical diastereomeric result involving two stereogeritires was obtained and this
constituted the first experimental confirmation of the intringigrality of kinked metal
single crystals.

diastereoisomeric intermedicl

D-glucose + Pt(643)- [S}
IR

same voltammetry
L-glucose + Pt(643) -

diastereoisomeric intermedic2

D-glucose + Pt(643) - MR
same voltammetry

L-glucose + Pt(643)- IS

A more detailed inspection of Fig. 5.2 reveals tfiat the pair [D-glucose/Pt(643) L-
glucose/Pt(643Y (Fig. 5.2 (c) and (b)), the peak at 0.33 V (réactat (111) terraces) is
larger than the peak at 0.22 V (reaction at (%@1IQ0) steps), whereas the reverse is true for
the alternative pairing of chiral surface and gkedD-glucose/Pt(643) + L-glucose
IPt(643¥] (Fig. 5.2 (a) and (d)). Interestingly, only a shaamount of glucose decomposition
(as measured by the magnitude of the current deas@.07 V) takes place at the (110) step
site of the kink. In fact, the oxidation peak &3V ((111) terraces) appears to be blocked
on the first sweep for L-glucose oxidation on P&S4 Hence, we conclude that the Pt(643)
electrode possesses a greater reactivity towartlidcege as compared with D-glucose, and
this is associated with the Pt(633)rface being chiral. In contrast, for Pt(643)is now D-
glucose which gives rise to the greatest interactwith the (111) terrace sites, as signified
by the absence of the peak at 0.33 V. The L-gluems®rption peak at 0.33 V is clearly
visible using Pt(643)
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5.2.1.2. Pt(321) and Pt(321)°

All steps in the Pt(321) surface are two atoms lang according to Gellman’s discussion of
kink sites, this surface should not give rise toeaantioselective response with glucose [1]
because of the identical length of both steps.

Fig. 5.3 shows that electro-oxidation of glucose tbis surface does in fact give an

enantioselective response. A diastereomeric outceiméar to that observed with Pt(643)

was observed:

D-glucose + Pt(32%)- [5} same voltammetry
L-glucose + Pt(32f) - IR

D-glucose + Pt(32F) . m

same voltammetry
L-glucose + Pt(32f)~ IS
These results show that the length of the twosstmmstituting the kink site is not the
characteristic that determines the “handednessthef kink, as originally proposed in
reference [1]. Indeed, the magnitude of the enaaléztive response (as measured by the
difference in electric current density for R- andcBystals) of the feature close to 0.3 V is
found to be greater than for Pt(643).

5.2.1.3. Pt(531) and Pt(531)°

Fig. 5.4 shows the electrode-oxidation of D- andjlicose at Pt(53T)and Pt(531)
surfaces. This surface is unusual in that it is posed entirely of kink sites and contains no
terraces or linear steps. This surface should eathiral according to reference [1].

However, it is clear from Fig. 5.4 that very pronoad chiral discrimination occurred, as
signified by the difference in rates of electrodation at 0.31 V (the enantioselectivity is

found to be still greater).
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5.2.1.4. Pt(976)% and Pt(976)°
Fig. 5.6 shows the LSVs of electro-oxidation ofdhd L-glucose on Pt(978and Pt(976)

In this system it is hard to see any enantioseleatesponse. This can be attributed to the
fact that the kink density in this surface is lowsan that at Pt(643), Pt(321) and Pt(531).
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Fig. 5.6. LSVs for the electro-oxidation of 5 mM glucose on Pt(531) in 0.1,8(4 at sweep rate
50 mV s" (a) D-glucose/Pt(976) (b) L-glucose/Pt(976) (c) D-glucose/Pt(976) (d)
L-glucose/Pt(976)
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Calculations of enantioselective response

Electrochemical enantioselectivity is defined ag tfatio of the difference in electro-
oxidation (reaction rates) over their sum for aegi\R and S surface at a fixed potential V
[22]:
('R(v)' |S(V))><100

(IR(V)+ IS(V))

The structural sensitivity of glucose electro-oxida may be seen when the surface density

S %=

of kink sites is varied. This is exemplified in Fl|g5, where it can be seen that an increase in
the surface density of kink sites on going from3p6t (321) leads to a greater degree of
electro-oxidation enantioselectivity in the glucesaction. For reaction at (111) terrace sites
(at 0.38 V) §(Pt(643) <YPt(321) <Pt(531}, the absolute magnitude of the observed
electric currents decreased on going from thekedsed to the most kinked surface (see Fig.
5.5). This is in accordance with expectation beeahe oxidation rate is known to increase

markedly with increasing terrace width [13, 17].

Pt(531) entirely kinked surface -Pt(321) (2 atomswide) - Pt(643) (3 atoms wide)- Pt(976) (6 atoms wide)
Increasing electric current with increasing terragdth

N
>

Increasing enantioselective response with incregdsimk density

A

Nevertheless, for glucose electro-oxidation, thextebchemical enantioselectivit$, varies
directly with the surface density of kink sites. €Be calculations show that chiral
discrimination increases with the surface densftkiok sites. This finding has important

implications for heterogeneous catalysis. Suppartethl catalysts contain a large number of

Y For example: Oxidation current at 0.38 V for: D-glucose/Pt(643)333 u A cm? D-

glucose/Pt(643)= 308 p A cm?, D-glucose/Pt(32f)= 180p A cm?, D-glucose/Pt(32f)= 205 p
A cm?, D-glucose/Pt(53f)= 80p A cmi?, D-glucose/Pt(53F)= 100 p A cm?

(308-333)x 100 ,, (180 20%) 100
_ L 49 )C

s L = 5 "7 5%
D-glucosePt (643] ~ (308+ 333) D-glucos® (325  (185- 205) ’

_ (80-100) x 100
SD -glucosePt (531) (80+ 100) =11%

Hence the enantioselectivity reaction increases with moving frédsR¢ Pt(321)- Pt(531), and
this is due to the kink density on Pt(531) being higher than that on Pt(321) and Pt(643).
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defect sites by virtue of their small particle siakhough for polycrystalline materials, equal
numbers of R and S type kinks are present at tHacgs However, if a chiral promoter is
adsorbed onto a polycrystalline substrate, it m@ayhlat kinks of a particular stereochemistry
(R- or S-) will be favoured as adsorption sites pamed to the enantiomorphic sites (S- or
R). Enantioselective heterogeneous catalysis may be achieved at enantiomorphic sites
that remain free for catalysis [22].

It was reported by Attard and co-workers [22] thatusing the values of current densities at
0.31 V, a diastereomeric excess of about 80 % wakiated for glucose electro-oxidation
on Pt(531). This compares with a value of 60% i@ thse of Pt(643). Inspection of our
results in Fig. 5.5 indicates slight differenceittard’s previous findings.

In respect of glucose oxidation, clearly the (1%@¢ plays a role in initially orienting the
carbohydrate molecule in relation to the handedrdsthe kink, but the actual bond-

breaking, surface reactions appear to proceed meadily at the (100) and (111) sites.
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Fig.5.5. Comparison of the linear sweep voltammograms (LSVs) for #eretoxidation of 5
mM D-glucose in 0.1 M bBO, at sweep rate 50 mV's(a) Pt(643),(b) Pt(321),(c)
Pt(531). Black curves represent behaviour at R-surfacesuredlocurves represent
behaviour at S-surfaces.
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5.3. Electro-oxidation of Glucose on Chiral Pt Surfaces Containing a Second Metallic
Component

Deposition of Au, Ag and Bi on chiral Pt surfaceasapresented in Chapter Four. In this
work, the electro-oxidation of glucose was investiggl on chiral surfaces partially or fully
covered with Au, Ag, or Bi, in order to investigatee response of the enantioselectivity to

the presence of these adatoms.
5.3.1. Au/Pt(321)

Fig. 5.7 illustrates the effect on the electro-ation LSVs of glucose of progressive
subsequent deposition of Au. In the case of botf8Pt} and Pt(321) the enantioselective
response which was clear for the clean surfagsappears immediately after the addition of
a small amount of Au (0.1 ML). The peak at aboB80V which was clear for the pair [D-
glucose/Pt(328)+ L-glucose/Pt(321) disappears (Fig. 5.8 (b) and (c)). This modifizat

of the glucose reaction leads to a reduction in gleztrochemical enantioselectivity of
glucose electro-oxidation which indicates that Alatams adsorb by blocking first the kink
sites which are the junction between (100) and XXki€ps in accordance with the results
obtained in Chapter Four.

The activity for D- and L-glucose oxidation decre@dss more and more Au was deposited
on the Pt surface until no reaction occurred whéalLlof Au had been formed (see the last
LSVs in Figs. 5.7 (a), (b), (c) and (d)). This icalies that no enantiomeric interaction took
place at the surface of the kinked Pt(321) eleetratien it was covered partially or fully
with Au.

When the pairs [D-glucose/Au/Pt(32H) L-glucose/Au/Pt(32L) and [D-glucose/Pt(32T )+
L-glucose/Pt(321] are compared, it is clear that the effect of Autie same for each pair,
i.e. the enantioselective response which was sar de pure Pt(321) is destroyed. Thus, as
Au adatoms are deposited on these kinked surfdheg, become unable to distinguish
between L- and D-glucose. This is interpreted eamthat kink sites which are responsible
for the chiral recognition during D- and L-gluccsasorption and reaction on Pt(32&nd
Pt(321f become blocked by Au adatoms, and that these Atoats are not as active as the
free Pt kink sites.

In fact, the oxidation peak at 0.33 V in the paD-dlucose/Au/Pt(32F) + L-
glucose/Au/Pt(321Y is blocked first by Au adatoms, whereupon tlysteam shows the
same LSVs as the pair [D-glucose/Au/Pt(324 -glucose/Au /Pt(32).



o 20r D-glucose /Au/Pt(321)" . L-glucose/Au/Pt(321)"
E (a) gold coverage % (\I‘E
o 9 S gold coverage %
0
< 10 7;1"6 < —— 1085
3 = 28.6
- 7%'? - 15 ——315
2 ] 467
*5; 100 2 é\ —— 716
c g 95.8
(O] @ 100
a [
= +—
cC 50 [
G:J qt) 50
-] =]
O (@] /
0 n 1 N 1 " 1 " 1 " 1 " 1 " n 1 " ] 0 1 1 1 1 1 n n 1 1 "
00 01 02 03 04 05 06 07 08 09 10 00 01 02 03 04 05 06 07 08 09 10
Potential/\VV Pd/H Potential/\V Pd/H
D-glucose / Au/Pt(321)° o oF L-glucose /AWPY(321)°
=M © § :
£ gold coverage % © gold coverage %
- 0 L -
< 50l 732'2 = 38
3 ' - -
60.7 69.3
= 718 2 83.7
2 —— 779 ‘n 100 73
100 c
% 90.7 8
& =
€ =0 5 %
o =
= -]
=
U 1 ] O 0 . . . . + . + !
%0 01 02 03 04 05 06 07 o8 o9 10 00 01 02 03 04 05 06 07 08 09 10
Potential/V Pd/H Potential/\V- Pd/H

221

Fig.5.7. LSVs for the electro-oxidation reaction of 5 mM glucose on Au-deedrBt(321) in 0.1 M
H,SQ, at sweep rate 50 mV's(a) D-glucose/Au/Pt(321) (b) L-glucose/Au/Pt(321) (c)
D-glucose/Au/Pt(32%) (d) L-glucose/Au/Pt(321)
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5.3.2. Au/Pt(531)

Fig. 5.8 shows the electro-oxidation of D- and uagise on Pt(531) (which is composed
entirely of kink sites) covered with Au. The filsEVs (black curves) represent the reaction
on pure Pt(53f) and Pt(531) The behaviour of the pair [L-glucose/Pt(531} D-
glucose/Pt(53f) (black curves in Fig. 5.8 (b) and (c)) is idemticThe oxidation peak at
0.30 V (111 terraces) appears already to be blodkedhe first sweep for the pair [L-
glucose/Pt(53%)+ D-glucose/Pt(53F) (black curves in Fig. 5.8 (a) and (d)). From ttis
concluded that the Pt(531¢lectrode possesses a greater reactivity towargkidose as
compared with D-glucose. Similarly, the Pt(531lectrode possesses a greater reactivity
towards D-glucose as compared with L-glucose. Bhalgviour of glucose on this surface is
like that on Pt(32Band Pt(321)

When Au adatoms are added to this surface, itearahat small concentrations of gold do
not destroy the enantioselective response. Thisp#idation peak (at 0.30 V) can be seen
clearly in the red curves and is just visible ire tpair [D-glucose/Au/Pt(531)+ L-
glucose/Au/Pt(531 (red curves in Figs. 5.8 (b) and (c)). However nsore Au was added
to the surface, so the behaviour of glucose readbiecame the same for both pairs [D-
glucose/Au/Pt(53F) + L-glucose/Au/(Pt(53f] and [D-glucose/Au/(Pt(53%) + L-
glucose/Au/Pt(53fF). The activity of the glucose reaction decreaseddth cases until it
stopped when the surface was fully blocked with Auis finding further supports the view
that a true enantiomeric interaction is taking plat the surface of the kinked platinum
electrode when it is free of Au. For surfaces hgwariower kink density (e.g. Pt(321)), small
amounts of Au destroy the enantiomeric interac{bt ML of Au (see Fig. 5.7 (b)), but for
surfaces having a higher kink density or for thtisat consist entirely of kink sites,
enantiomeric interactions persist to higher Au cages (0.31 ML in the case of Pt(531) (see
Fig. 5.8 (b)).

5.3.3. Ag/Pt(321)

Deposition of Ag on Pt(32F)and Pt(321) was performed and then glucose oxidation
investigated to determine the effect of the depdsig. Fig. 5.9 shows the electro-oxidation

of D- and L-glucose on Pt(3Z1and Pt(321) As in the case of Au/Pt(321), the rate of the
glucose reaction decreased as Ag was added tatfaee, but a clear enantiomeric response
was retained. Indeed, D-glucose electro-oxidatonPt(3215 is identical to L-glucose

electro-oxidation on Pt(321)and, L-glucose reaction on Pt(321f closely similar to that
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Fig. 5.8. LSVs for the electro-oxidation reaction of 5 mM glucose on Au-dgedrPt(531) in 0.1
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of D-glucose reaction on Pt(3%1) Since similar concentrations of Ag were adde@ach

case, the voltammetric behaviour constitutes chdaicrimination. Hence, a classical
diastereomeric result involving two stereogenictieEn is realised, and this is the first
determination of the intrinsic chirality of kinkedetal single crystals covered with Ag. Thus:

Ag/Pt(321F + D-glucose=Ag/Pt(321¥ + L-glucose

and
Ag/Pt(321F + L-glucose=Ag/Pt(321} + D-glucose

The LSVs in Figs. 5.9 (b) and (c) are virtually ntieal. The oxidation peak at 0.33 V
remained visible even after filling one-third ohkisites (0.07 ML of Ag (see Figs. 5.9 (b)
and (c) green curves)). With more Ag added to thefase, total current densities
representing overall oxidation decreased but thdabon peak at 0.33 V remained visible
whereas those at 0.2 V and 0.48 V disappeared.(Fi¢s) and (c)). A new oxidation peak
became visible at 0.15 V when 0.075 ML of Ag wasrfed (one-third of the kink sites were
filled (see the peak at 0.05 V ((110) sites). Triesv peak reached a maximum current of 50
HA cm? at 0.15 V, then it decreased in magnitude as mgreas added until it disappeared
when the surface was fully covered with Ag.

In the case of the pair [D-glucose/Ag/(324) L-glucose/Ag/(321], the LSVs in Figs.5.9
(@) and (d) are identical. The difference betwdes LSVs for this pair of reactions as
compared to the other pair, is that the shape efptak at 0.25 to 0.3 V is narrower, the
LSVs are thinner, and do not have an oxidation @e#&k15 V.

5.3.4. Ag/Pt(531)

The oxidation of D- and L-glucose on Pt(53and Pt(531) decorated by various amounts
of Ag was also investigated. From the LSVs in FglO, it is clear that the pair [D-

glucose/Ag/(531) + L-glucose/Ag/Pt(53F) show identical behaviour, as do the other pair
[D-glucose/Ag/(531) + L-glucose/Ag/Pt(531). Both pairs behave similarly with respect to

oxidation reaction activity, the activity decreagis more Ag was added.
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Fig.5.9. LSVs for the electro-oxidation reaction of 5 mM glucose on Ag-aeedrPt(321) in
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The oxidation peak at 0.33 V (Figs. 5.10 (b) ar))l temained visible even after one-quarter
of the kink sites were filled by Ag (0.07 ML formgdee Figs. 5.10 (b) and (c)-green
curves), but, as more Ag was added, the LSVs bedaoser in shape, and an oxidation
peak appeared at abdutl5 V when about three-quarters of the kink sitese filled (0.3
ML formed see blue curves in (b) and (c)). Thenstty of this peak decreased as more Ag
was added until it eventually disappeared wherkihies were almost filled with Ag.

In the case of pair [D-glucose/Ag/Pt(53%) L-glucose/Ag/Pt(53f] (Figs. 5.10 (a) and (d)),
the oxidation LSVs decrease in magnitude (elecuiicents) but there is no visible oxidation
peak as in the case of pair [D-glucose/Ag/Pt(8319nd L-glucose/Ag/Pt(53%)
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Fig. 5.11 shows the electro-oxidation reaction o643 and Pt(643) as it was

progressively covered with Ag. The activity for BAd L-glucose oxidation decreased as Ag
was added to both surfaces. The oxidation peak3dt\0 (in Fig. 5.11 (b) and (c)) was still
visible even after filling one-half of the kink et (0.25 ML of Ag, Figs. 5.11 (b) and (c)
green lines). This peak became dominant as moreasgadded, and another oxidation peak

became visible at 0.15 V, which disappeared wherkitk sites were almost covered. This
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new peak was not seen for the reaction pair [Rage/Ag/Pt(643) + L-
glucose/Ag/Pt(643) (Fig. 5.11 (a) and (d)). The shape of the LSVghicose oxidation
after the new oxidation peak disappears is siffoliathe pairs [D/R, L/S] and [D/S, L/R].

The enantioselective response for this surfaceotsas marked as that for Pt(321) and
Pt(531) because the kink density is lower. Thisdifig gives further support to the
importance of kink sites in the electro-oxidatiohgtucose; for surfaces containing kinks,
when the kinks are blocked the LSVs become indisishable.

5.3.6. Ag/Pt(976)

Fig. 5.12 illustrates the effect of adding Ag he tsurface of Pt(976) on the oxidation of
glucose. The enantioselective response of gluceaetion on clean Pt(976) (which has a
lower kink density than the other surfaces) istgl@s explained earlier (section 5.2.1.4). It is
clear from Fig. 5.12 that adding Ag to this surfgm®vides no new features. Activity
decreases in the same way over both surfaces.

5.3.7. Bi/Pt(321)

Fig. 5.13 shows the LSVs for the electro-oxidatdiglucose on Bi/Pt(321). For the reaction
pair [L-glucose/Bi/Pt(328) + D-glucose/Bi/Pt(32£) (Figs. 5.13 (c) and (b)) it is evident
that adding Bi to the surface increased the agtifiot glucose oxidation. The maximum
current was reached when three-quarters of the sitels were blocked by Bi (0.45 ML of
Bi), and beyond this point the activity decreadéigg. 5.13 (b), (c)). This behaviour can be
seen in the reaction pair [D-glucose/Bi/Pt(324).-glucose/Bi/Pt(321} as well (Figs. 5.13
(@), (d)). In Figs. 5.13 (c) and (b), the oxidatjzeak at 0.33 V remained visible until about
one-half of the kink sites were filled (0.3 ML ofi)Bbut this peak disappeared when the
activity started to decrease. At this point the kSWor the reaction pair [D-
glucose/Bi/Pt(325) + L-glucose/Bi/Pt(321 (Figs. 5.13 (b) and (c) became similar to those
for the pair [D-glucose/Bi/Pt(32%)}+ L-glucose/Bi/Pt(321] (Fig. 5.13 (a) and (d)).

When the surface was completely blocked by Bi (Beys. 5.13 (e) and (f)) glucose
oxidation continued (see Figs. 5.13 (a) to (d), emg curves) the enantioselective response
no longer existed, the LSVs being indistinguishafoten each other. Most noteworthy,

however, was that for the D-/R- and L-/S- pairigggwth in the intensity of a peak at 0.3 V
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is observed, i.e. at the same potential as thedgi-$urface chiral peak for the L-/R- and D-
/S- combination. If thi;iew peak corresponds to the same surface protessnéans that
when bismuth is adsorbed at defect sites, a swigcim the sense of the chiral induction is
occurring (indeed as, bismuth is added to the Daf&# L-/R- systems, the 0.33 V peak is
attenuated). It should be realised that this behavalso coincides with the growth of a
bismuth-induced clean surface peak at approximahelysame potential (see Chapter Four)
which was ascribed to sites at the “top” of theedefsite. It would be an interesting
observation to ascertain if the initial ‘attack’ thie glucose molecule (top or bottom of step)
is dependent on whether or not bismuth is adsodbdgte defect site and hence leads to a

dependence of chiral interaction on kink compositio

5.3.8. Bi/Pt(643)

Fig. 5.14 shows the electro-oxidation LSVs of Dddnglucose on Bi/Pt(643). There is an
enantioselective response between the reactions pi-glucose/Bi/Pt(6438) + L-
glucose/Bi/(643] and [D-glucose/Bi/Pt(6438)+ L-glucose/Bi/Pt(643y. This difference
was retained until three-quarters of the kink siese filled with Bi (0.5 ML of Bi) (Figs.
5.14 (c) and (b)). On reaching this point the otiaa peak which was observed for the
reaction pair [D-glucose/Bi/Pt(643} L-glucose/Bi/Pt(643y at 0.33 V disappeared and the
LSVs after this point were indistinguishable fronose for the pair [D-glucose/Bi/Pt(6£3)
+ L-glucose/Bi/Pt(643)

The LSVs in Figs. 5.14 (a), (b), (c) and (d) foe thighest Bi loadings (magenta curves)
represent the electro-oxidation of glucose wherPthsurface is completely blocked with Bi
(see Figs. 5.14 (e) and (f)); these LSVs are smmilahape, demonstrating that the reaction
is not enantioselective when the surface is corajylablocked with Bi. This behaviour
follows that observed over Pt(3%1and Pt(328) Again the production of a new glucose
electro-oxidation peak at 0.3 V for the D-/R- andS- combination should be noted when

bismuth decorates defect sites.
5.3.9. Discussion and Conclusion
This investigation of the electro-oxidation of DadaL-glucose on pure chiral Pt single

crystals not only provides experimental evidengetlfie intrinsic chirality of surface kinks,

but also that chiral interaction may be modulateongly by the presence of adatoms.
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Fig. 5.14. LSVs for the electro-oxidation reaction of 5 mM glucose on Bi-deedrBt(643) in 0.1 M
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Attard in a review [22] mentioned the results @fadto-oxidation of a series of sugars which
differed from each other in the handedness of glesioarbon centre (see Fig. 5.15). These
sugars, mannose, xylose and arabinose, were adsante a chiral kinked platinum
electrode and the initial electro-oxidation currems monitored. The LSVs for these sugars
have been reported in Chapter One Section 1.AB®ugh each sugar gives rise to its own
singular response, a number of features are commail LSVs, the most important being
the absence or presence of a peak at 0.35 — (ritiig notation ‘peak A’) corresponding to
reaction at (111) terraces. For D-glucose/R-kinkd &-glucose/S-kinks, peak A is not
present whereas for D-glucose/S-kinks and L-glu€bsénks it is clearly discerned.
Although the LSVs for mannose differ from those fucose, once again the presence of
peak A is observed for the D/S and L/R combinatiovisereas it is not present for the D/R
and L/S pairs. Glucose and mannose differ onlyh@ thirality of the carbon atom at
position 2. This suggests that changing the stemogcentre at this position does not in
itself alter the chiral relationship between theerdisorbate and the metal surface. In
contrast, when D- and L-arabinose were investigateslas found that peak A was present
for the D/R combination but not present for the DIBere are two differences between
arabinose and glucose: the first is the changdiiality at carbon atom position 3, and the
second is that arabinose does not contain gOEHsubstituent at ring position 5. Either of
these two features could mark out arabinose froutage. However, when xylose was
investigated (which like arabinose does not congaldHOH group at position 5), the S/D
and L/R combinations did give rise to peak A, jlike glucose and mannose. Because
xylose possesses the same chirality as glucosenamhose at position 3, whereas in
arabinose the chirality is reversed, it has beeggested by Attard [22] that chiral
discrimination between the glucose at carbon 3thadink gives rise to the enantioselective
reaction associated with peak A. It is well-knowratt sugars undergo mutarotation in
aqueous solution to produce theandf3 forms (see Fig. 5.15) of pyranose and furanose (se
Chapter One) [23]. For all sugars studied, the ggeege of furanose in solution should be
negligible. For the pyranose in aqueous solutibmas found that mannose and arabinose
gave rise to 60% and 40%, whereas for xylose amcbgk, the proportions were 64% and
36% [22]. Hence, speciation behaviour cannot adctamthe enantioselectivity displayed
by the four sugars in relation to peak A. Combinihig information with the seeming lack
of reactivity of the (110) site and the knowledgeni previous isotopic substitution

experiments on glucose that initial C-H bond clegvat carbon position 1 takes place on
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Pt(111) [17], together with variation in S upon ©bmg kink density and shape, it may be
possible to begin modelling the interaction of ahimolecules with chiral kinks in a new
fundamental manner. Fig. 5.16 shows an optimisadtsire for the D- and L-glucose on
Pt(643§. The chiral centre at position 3 has been positicas close to the chiral kink site as
possible. In addition, the hydrogen-carbon bongloaition one, which is known to dissociate

during the glucose electro-oxidation reaction [h&s been directed toward the (111).

When a clean kinked surface was decorated withh&lehantioselective response of glucose
disappeared as Au was added, the behaviour of B-Laglucose became the same with
decreasing oxidation activity until reaction complg stopped when the surface was fully

covered with Au.

In the case of Ag, the enantioselective responsaireed visible until about three-quarters of
the kink sites were filled; a new oxidation pealpegred at 0.15 V which disappeared as
more Ag was added. This new peak was visible ferréfaction pair [D/S + L/R] but not for
the pair [D/R + L/S]. For both surfaces the acyvior the glucose reaction decreased as
more Ag was added; reaction stopped when the suwas completely filled with Ag.

The enantiomeric response shown by some R and Bt Agffaces, hopefully opens up the
possibility of studying reactions of various orgamolecules on chiral and achiral surfaces
in order to refine some reaction mechanisms trepegsently unclear or in dispute.

The electro-oxidation of D- and L-glucose was irigeged on chiral Pt surfaces modified
with Bi. It was hoped that enantiomeric responseld/de retained to very high coverages of
Bi (because Bi activates some organic reactionsnwdeposited on achiral surfaces (See
Chapter Four, Section 4.1); however, this was Imetcase.

All the above findings support the hypothesis tkiak sites play a crucial role in these
observed enantiomeric interactions at chiral segadn addition, the different adsorption
behaviour of Au, Ag and Bi (epitaxial monolayersnhed, surface alloys formed and
selective occupation of defect sites respectivelgyl their relation to surface chirality
deserves further comment. The behaviour of Ag sisriace modifier is very reminiscent of
chiral Pd-Pt bulk alloy prepared by Watson [24]tsinteraction with glucose. In that work,
the bulk alloy remained enantioselective with resge glucose oxidation inspite of rather
high palladium surface coverages. Such behavious wat observed with palladium
monolayers. This accords with the fact that thePAgurface alloys remain enantioselective

to much higher metal loadings than, for exampléd,gehich simply blocks chiral kink sites.
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Bismuth is special because not only does it enhates#rocatalytic activity, at least so long

as terrace sites remain free, but it also appeatswitch” the sign of the chiral interaction.

This is believed to be related to the inductiometv electronic states at the terrace sites at
the “top” of the kink edge. The approach of a thdeaensional chiral object to a defect site

from top or bottom should lead to a different er@s@lective outcome as appears to be the

case for Bi on chiral Pt surfaces vicinal to (1fBnes.

(@) o H

>~c~
H OH
CH,OH
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T

O\\C/H O\\C/H
H——OH HO—+—H
H——OH H——OH
CH20H CH,OH
D- Erythrose D- Threose
O=c—H O=c—H O=c—H O=c—H
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Fig. 5.15.

OH
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(a) Examples of open-chain forms of monosaccharides.
(b) Cyclic structures of D-(+)-glucose (mutarotation process).
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Fig. 5.16. Schematic representation showing interaction of chiral careoemec3 (highlighted
in yellow) with a chiral Pt(643)surface for D-(top) and L-glucose (bottom). The hydrogen at
position 1 is directed toward the (111) terrace and has been coloured green.
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