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Micro Fuel Cells e NEC
Portable batteries in the Ubiquitous Networking Society
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Technological hurdles

Energy Loss at the cathode electrode
Cathode

Cathode Reaction
Oxygen Reduction Reaction
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Stability of platinum in agqueous systems
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In situ XRD and XAFS measurements

e Platinum nanoparticles (supported on a carbon)
e ca. 3 nm, 50 wt% - Pt loading

e Potential control
e Home made three electrode electrochemical cell
e 0.5M H,SO, electrolyte
e Potentiostatic mode

e Insitu XRD BL16XU
e Photon energy 30 keV (A =0.041nm)
e Transmission mode, Imaging plate

e Insitu XAFS BL16B2

e L, and L, absorption edges
e Transmission mode




In situ x-ray diffraction
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In situ x-ray absorption spectroscopy
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Fourier transform of Pt Ly EXAFS
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Structural models for the platinum nanoparticle surface

05~0.7V cf. Pt-O distance 2.58A (bulk PtO.,)
Clean Pt surface

Surface reconstruction

hollow site Pt-O
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XANES spectra
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L, and L, absorptions in platinum

The fractional change in the number of
Conduction band unoccupied d states from that of bulk Pt
5 >
E. > 5/2 ’_ A h; - (AA;+ 1.11AA))
q= =
L) Nrey (Ag+ 1.11A4y)p
w Spin-orbit coupling
32 oV hy = (1+1y) h
Ai . edge area for the i th edge
A AI = Aisample' AiPt
2D 55 . total number of unoccupied d states

AhT = hT&almpIe i hTPt
2P 1/ Ny = 0.30 (tight-binding +
spin-orbit coupling)



Electronic states

Unoccupied states in platinum 5d orbitals
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The potential dependence of unoccupied
states in platinum 5d orbitals
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Summary

In situ XRD and XAFS studies clearly showed the followings :

In the oxygen reduction reaction potential region....

e Surface reconstruction, adsorption of oxygen species,

and formation of platinum oxides

e lrreversible OH adsorption (0.8 ~ 1.0V)
» Pt-OH at on-top site
» Pt-O at 3 fold or 4 fold hollow sites

e Surface oxide formation (1.1 ~ 1.4 V)
» amorphous like PtO, (several layers)
e Charge transfer from platinum

e The number of unoccupied states in Pt 5d orbitals linearly
depends on the potential and the coverage of oxygen species

The formation of surface oxygen species may significantly reduce
the catalytic activity of platinum on oxygen reduction reaction
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