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Effect of Specific Adsorption of Anions and Surface Structure of
Pt(111) Electrode on Kinetics of Dissociative Adsorption
of Ethylene Glycol
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Abstract  The effect of specific adsorption of anions and the surface structure of a Pt(111) electrode on the kinetics
of dissociative adsorption of ethylene glycol (EG) was studied using cyclic voltammetry and a programmed potential
step technique. Quantitative results demonstrated that the specific adsorption of anions remarkably influenced the
dissociative adsorption of EG. Both the initial reaction rate (v;) of the EG dissociative adsorption and the saturated
coverage of dissociative adsorbates, measured in perchloric acid media (without specific adsorption), are significantly
larger than the corresponding values acquired in sulfuric acid media (with specific adsorption of SO;/HSO;). We
illustrate that the variation of the average reaction rate v of EG dissociative adsorption on Pt(111) in perchloric acid media
with an electrode potential yields a volcano-like distribution with a maximum value near 0.22 V (vs SCE). Furthermore,
different surface structures of the Pt(111) electrode that were obtained by different treatments also significantly affect
this surface process.
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Fig.1 Cyclic voltammograms (CV) of Pt(111)-I electrode in HCI0, solution
(a) the CV recorded in 0.1 mol-L™"' HCIO, solution, (b) j—E curve obtained after a stay of 2 min at 0.1 V, (c) the stable CV for EG oxidation on
Pt(111)-1 in 2x10~* mol-L™" EG+0.1 mol-L" HCIO solution; sweep rate: 50 mV +s'
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Fig.2 j-ttransient curves obtained at fixed E~=0.10 V

for various t4

Pt(111)-I electrode in 2x10™ mol+L™" EG+0.1 mol-L"' HCIO, solution,

the dotted line recorded at 1,=5 ms
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Fig.3 Variation of Q. with ¢, for E,:=0.10 V in HCIO,
solution
Pt(111)-I electrode in 2x10~ mol- L~ EG+0.1 mol L' HCIO solution
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Fig.4 Distribution of average rate v (for a period of
30 s) of dissociative adsorption of EG on Pt(111)-I

with E,
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Fig.5 Comparison of cyclic voltammograms of
Pt(111) pretreated by using different cooling
atmosphere in 0.5 mol* L™ H,SO, solution
(a) Pt(111)-I: recorded between —0.20 and 0.75 V; (b) Pt(111)-1I:
recorded between —0.20 and (.30 V; sweep rate: 50 mV+s™'
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Fig.6 Variation of Q, with t,; for Pt(111)-IT1 when
E=010V
condition; 2x10~ mol- L™ EG+0.5 mol+L~" H,SO, solution
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Table 1 Kinetic parameters of EG dissociative
adsorption on Pt(111) with different surface structures

Pt(111) S/(uC-cm™s™) 102 p/(mol-cm?+s™") O%L/(WC-cm?) 65

Pt(111)-1 0.841"” 2.18" 80.941"" 0.171
Pt(111)-1I 0.21 0.54 53.02 0.11

experimental condition: E,=0.10 V, 2x10~ mol - L™ EG+0.5 mol - L™

H.SO, solution; S;: the slope of linear relationship in the initial part of
Q.avs t,qcurve; v;: the initial rate of EG dissociative adsorption on
Pt(111); Q2 the maximum of DA oxidation charge at a given E,;

054 the saturated coverage of DA.
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