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ABSTRACT
Surface Structure Effects in Dissociative Adsorption Kinetics and

Electrocatalytic Oxidation of Ethylene Glycol

Electrocatalytic oxidation of small organic molecules is of fundamental
importance in electrocatalysis. This thesis put emphasis upon studies of
surface process and reaction kinetics of ethylene glycol (EG) adsorption and
oxidation on Pt single crystal electrodes. The subject presents a frontier of
multidiscipline covering electrocatalysis, surface science and energy science
(direct fuel cell). Single crystal planes can provide well-defined atomic
arrangement, and has been used as model electrocatalysts to reveal the
intrinsic relationship between surface structure of electrodes and their
properties, as well as to develop electrocatalysis theory at a microscopic level.

Three basal planes Pt(100), Pt(110), Pt(111), four stepped surfaces
Pt[n(100)x(111)] (n = 2, 3, 4, 5) and a chiral Pt(751) surface were prepared in
this study. The reaction kinetics of EG dissociative adsorption and oxidation
on these surfaces was investigated by using cyclic voltammetry, programmed
potential step technique and in situ FTIR spectroscopy. The main results and
conclusions are summarized as follows: (1) The dissociative adsorption
reaction of EG depend strongly on Pt surface structure. The Pt single crystal
electrodes with different structure show different reactivity. It has
demonstrated that the surface structure dominated with (100) and (110)
symmetry has high catalytic activity for EG dissociative adsorption, but the

surface structure consisted of mainly (111) symmetry exhibits low activity,

and the reactivity of Pt(111) is the lowest; (2) The average rate v of EG



dissociative adsorption reaction on Pt single crystal electrodes varies with
electrode potential E,g, yielding a volcano-type distribution for all these
surfaces, but the features of the volcano-type distribution differ from each
other along with the variation of surface atomic arrangement; (3) The
dissociative adsorption of EG on Pt single crystal surfaces requires the
participation of adjacent Pt surface sites, and the dissociative adsorbates (DA)
are distributed uniformly on electrode surfaces; (4) The stable adsorbates
derived from EG dissociative adsorption on Pt single crystal electrodes at low
potentials were determined by in situ FTIR spectroscopy as linear- and
bridge-bonded CO. Based on these results, a mechanism of EG dissociative
adsorption on Pt single crystal electrodes was proposed; (5) Different surface
structure of one Pt single crystal electrode can be obtained by applying
different pre-treatment conditions. Both the surface structure of Pt single
crystal electrodes and the specific adsorption of (bi)sulfate anions exert
significantly influence on the kinetics of EG dissociative adsorption; (6) The
electrocatalytic activity of Pt(751) and Pt(110) surfaces, which consist of
mainly (110) surface sites, is higher than other Pt single crystal planes for EG
oxidation, and the chiral Pt(751) surface that is composed of steps and kinks
exhibits the highest activity among Pt single crystal electrodes studied. It can
be concluded that high electrocatalytic activity is closely associated with the

defect (step and kink) sites on catalyst surfaces.
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