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Abstract : The overall reaction rate of fuel cell is governed by oxygen reduction reaction (ORR) in the cathode due to its slowest
reaction compared to the oxidation of hydrogen in the anode. The ORR efficiency can be readily evaluated by examining the
adsorption strength of atomic oxygen on the surface of catalysts (i.e., known as a descriptor) and the adsorption energy can be
controlled by transforming the surface geometry of catalysts. In the current study, the effect of the surface geometry of catalysts
(i.e., strain effect) on the adsorption strength of atomic oxygen on platinum catalysts was analyzed by using density functional theory
(DFT). The optimized lattice constant of Pt (3.977 A) was increased and decreased by 1% to apply tensile and compressive strain
to the Pt surface. Then the oxygen adsorption strengths on the modified Pt surfaces were compared and the electron charge
density of the O-adsorbed Pt surfaces was analyzed. As the interatomic distance increased, the oxygen adsorption strength became
stronger and the d-band center of the Pt surface atoms was shifted toward the Fermi level, implying that anti-bonding orbitals were
shifted to the conduction band from the valence band (i.e., the anti-bonding between O and Pt was less likely formed). Consequently,
enhanced ORR efficiency may be expected if the surface Pt-Pt distance can be reduced by approximately 2~4% compared to the
pure Pt owing to the moderately controlled oxygen binding strength for improved ORR.
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Fig. 1. (a) Face centered cubic (FCC) structure of bulk Pt (b) Pt(2x2) slab model for Pt(111) surface. (c) Periodic image of the
Pt(2 x2) supercell,
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Table 1. Oxygen adsorption sites and the adsorption energies

at each site
FCCY HCP2 Bndge
Adsorption sites
FCC HCP Bridge Top
Eads (8V) 174 -1.32 1737 -0.34

1) FCC: face centered cubic structure site
2) HCP: hexagonal closed-packed structure site
3) The optimized O location is much similar to that of the FCC site
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