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Activation Barriers of CO Oxidation on Pt-M (M =Ru, Sn) Alloys
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Fuel cells have attracted attention in recent years because they are very energy—efficient. However, we have to face up to a
serious problem in that platinum, which is the usual anode electrocatalyst, is readily poisoned by CO. In the case of the Direct
Methanol Fuel Cell (DMFC), it is very important to develop new materials for use as electrocatalysts that exhibit good tolerance
to CO, since CO is invariably present as an intermediate in the dissociation of methanol. The aim of this study is to examine the
mechanism of H,0 dissociation and of the CO + OH combination reactions in the CO oxidation process by calculating the adsorp-
tion energies and the activation barriers. In the case of Pt-Ru alloys, the activation barrier of the H,O dissociation reaction is
almost the same as it is for pure Pt. The activation energy of the CO + OH combination reaction on Pt-Ru alloy is larger than that
on pure Pt. Nevertheless, the adsorption energy of H,O is larger than that on pure Pt. On the other hand, the activation barrier and
adsorption energies of H,O on Pt-Sn alloy are very close to the corresponding values on pure Pt. Moreover, the activation barrier
for the CO+ OH combination reaction on Pt-Sn alloy is lower than that on pure Pt.
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Fig. 1 3 x 3 unit cell and adsorption sites. 1: top Pt site, 2: 3—
fold hollow site, 3: bridge site, 4: top M site (M =Ru, Sn).
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Fig. 2 Schematic of dissociation reaction. The subscript s in-
dicates an adsorbate on the surface. The subscript g indicates
an adsorbate in the gas phase. E; indicates the adsorption
energy of adsorbate i. D, indicates dissociation energy.
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Table 1 Adsorption energies (eV) of adsorbates on pure Pt,
Pt-Ru and Pt-Sn alloy. Bold type values indicate the most stable
site. Adsorption energies of CO can’t be compared with that on
different site.

configuration pure Pt Pt-Ru Pt-Sn
top Pt 1.56 1.31 0.58
Cco bridge 1.63 1.40 0.42
top M — 1.97 0.04
top Pt 0.22 0.14 0.03
H,0 bridge 0.04 0.10
top M — 0.62 0.30
top Pt 2.20 2.13 1.95
OH bridge 2.12 — —
top M — 2.72 2.65
top Pt 2.24 1.97 1.34
COOH bridge 1.94 — —
top M 2.13 1.21
top Pt 2.69 2.55 2.31
2.12
H 3-fold hollow 2.70 2.66 (bridge)
top M — 2.48 1.57

Table 2 Reaction energies and activation barriers of H,O dis-
sociation and CO+ OH combination reaction on pure Pt, Pt-Ru
and Pt-Sn alloy.

(a) Dissociation reaction H,O—~OH+H

surface confieuration dissociation activation
g energy (eV) barrier (eV)
pure Pt top Pt 0.67 0.95
Pt-Ru top Ru 0.60 0.97
Pt-Sn top Sn 0.69 0.96
(b) Combination reaction CO+OH—~>COOH
surface configuration combination activation
of CO energy (eV) barrier (eV)
pure Pt top —0.42 0.24
bridge -0.37 0.28
Pt-Ru top 0.09 0.49
bridge 0.17 0.55
Pt-Sn top -0.07 0.21
bridge -0.22 0.07
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Fig. 3 Energy diagram of the H,;O dissociation reaction. E*:
activation barrier, D, ¢: dissociation energy.
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Fig. 4 Energy diagram of the CO +OH combination reaction.
(a) In the case of CO on top Pt site. (b) In the case of CO on
bridge site. E*: activation barrier, C. s: combination energy.
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