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Abstract

Abstract

Electrochemical reduction of CO; is closely related to environment, energy and
eletrocatalysis. Single crystal electrodes can provide well-defined surface structure of
atomic arrangement, which have been used as model electrocatalysts to study the
intrinsic  structure function relationship of electrocatalysis. The study of
electrocatalytic reduction of CO, on Pt single crystal electrodes can reveal, on the one
hand, the surface processes at a microscopic level, and direct the designing and
screening electrocatalysts of high performance, on the other hand.

Three basal planes, Pt(100), Pt(110) and Pt(111), five stepped surfaces,
Pt(510), Pt(310), Pt(210), Pt(320) and Pt(991) were prepared in this work. Different
treatments were applied to these Pt single crystal electrodes, which lead to produce
different surface structure of the same electrode. The surface processes and kinetics of
CO; reduction on above surfaces, as well as on basal planes modified with irreversibly
adsorbed (IRA) Sb adatoms, were investigated. Besides HCOOH oxidation was used
as a probe reaction to confirm further the structure effects in electrocatalysis. Cyclic
voltammetry, programmed potential step technique and in situ FTIR spectroscopy
were employed in the study. The main results are summarized below.

1. Surface structure effects in electrocatalytic reduction of CO,. It has found
that the electrocatalytic reduction of CO, depends strongly on Pt surface structure.
When the upper limit potential (£,) was 0.75 V (vs SCE), the activity order is ranked
Pt(110) > Pt(100) » Pt(111) for the three basal planes; the electrocatalytic property of
a stepped surface may be considered as a certain combination of the properties of

different surface sites presented on the surface. The oxidation charge of the reduced

CO; species (-CO,) (O, *) and the coverage of r-CO,(6,_., ) on both Pt(hkl)- I,

cooled in Ar + Hj, and Pt(hkl)-II, cooled in air after flame annealing, show the same
trend of variation, while the Pt(hkl)-II with a structure that is more open than
Pt(hkl)- I is more active than Pt(hkl)- I . When E, was raised to 1.25 V, the surface of
electrodes has been reconstructed because of oxygen adsorption at high potentials.

Such surface reconstruction resulted in the change of electrocatalytic activity of Pt

-1V -



Abstract

single crystal electrodes. The difference in electrocatalytic activity towards CO,

reduction for a given Pt single crystal electrode with different surface structures has

ox ox
AQ: r—CO,(1.25V) _QrfCOZ(OJSV) The largest AQ was

QOX
r—C0,(0.75V)

been depicted by the quantity

obtained on Pt(111), i.e., the activity of Pt(111) has been augmented the most

AQ

significant after its reconstruction. —— on those Pt single crystal electrodes with a

(110)-site density below 50% is positive, illustrating that the activity of corresponding

AQ

electrodes increased; while —= on those electrodes with a (110)-site density over

50% is negative, indicating a loss of activity. The results revealed that the (110) sites
with relatively more open structure exhibit a high activity, and the (100) sites with
relatively more order structure provide a better stability.

2. The effects of electrode potential and surface structure in CO, reduction. it

has measured that the maximum average rate (Emax) of CO; reduction on all Pt single
crystal electrodes regardless of the surface structure is at around -0.20 V, which
implies that the electrode potential has the same effect for CO, reduction on the Pt
electrode, however, different surface structure can affect significantly the kinetics of
this reaction.

3. Surface mechanism of CO, reduction. Both the charge of oxidation of

directly adsorbed CO in saturation (Q°) and the corresponding coverage (6<°) are

sat sat

larger than the oxidation charge of adsorbed product in saturation from CO; reduction

(Q’-°) and the corresponding coverage (&' “*), which illustrated that adjacent sites

sat sat
are necessary for assisting the reaction. The electrocatalytic properties of Pt single
crystal electrodes were altered by the presence of IRA Sb,q on electrodes surface. The
activity of Sb/Pt(hkl) is the function of coverage of Sb,q (€sp). IRA Sb,g on Pt(100)

and Pt(110) electrodes has decreased the activity of these surfaces. The peak current

(o) and Q)% of 1-CO, on Sb/Pt(100) electrode are varied with Osp, yielding a
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volcano-type distribution. The maximum j,and Q),°* were measured at 6g,= 0.19,

indicating that such surface displays the highest activity for this reaction. With the
decrease of Oy, the j, and the Q) % of r-CO, on Sb/Pt(110) electrode decreased
monotonically. However, Sb,qon Pt(111) has increased the activity. With the increase
of O, the j,and the O}, of r-CO, on Sb/Pt(111) electrode increased linearly.

4. Reaction mechanism and active center of CQO, reduction. The adsorbed
products of CO, reduction on Pt single crystal electrodes and IRA Sb modified basal
planes were determined by in situ FTIR spectroscopy as linear- and bridge-bonded
CO species. Based on these results, a reaction mechanism of CO, reduction on Pt
single crystal electrodes was proposed. It has revealed that the active sites on Pt single
crystal electrodes for CO; reduction consist of “Chair” and “Boat” sites on stepped
surface. Such steric sites represent the characters of active centers for this
electrocatalytic reaction.

5. Structure of active centers was confirmed by HCOOH oxidation. HCOOH
oxidation depends also strongly on Pt surface structure. This reaction was more
sensitive to the change of (110) structure and employed to confirm further the active
centers. The different surface structure of the same Pt single crystal electrode
displayed different reactivity, which showed that relatively open surface structure
exhibits a higher performance, but at the same time relatively ordered surface
structure provides a better stability. The results are in accordance with those obtained
in studies of CO; reduction. It has found that the electrocatalytic property of (100) and
(110) sites on stepped surfaces do not present a linear relation with the surface density
of these sites, but are related to surface density of active sites, i.e., the “Chair” sites.
This result further confirmed that the active centers in electrocatalysis are those sites

of steric structure as formed on stepped surfaces.

Key words: Pt single crystal electrode; Electrocatalysis; CO,; HCOOH; Surface

structure effect
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