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Fig. 1 (Color online) Schematic view of the quick near ambient
pressure hard X-ray photoelectron spectroscopy system. The
introduced gas and terminals correspond to the connections
for the cathode measurement, and are reversed for anode
measurement.
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(a) S 1s HAXPES of WS,, Sg, Na,S0;, Na,SO, and Nafion. (b) S 1s binding energies of WS,, Sg, Na,SO;, Na,

SO, and Nafion as a function of S oxidation number.
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Fig. 3 (Color online) S 1s HAXPES of the cathode (a) and anode

(b) electrode without oxygen introduction to the cathode.
Applied voltage Vs between the cathode and the anode in-
creases from 0.0 to 1.0 V. Red lines denote the curve-fitting
results.
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Fig. 4 (Color online) Schematic diagram of the evolution of sulfur
compounds in the cathode due to the oxidation reactions
with the applied voltage.
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Fig. 5 (Color online) S 1s HAXPES from the reference samples of
(a) the Pt/C (TECI10ES0E, Tanaka Kikinzoku) powder,
(b) the Nafion film (NRE-212, Sigma-Aldrich), and (c) the
Nafion solution (DE2020, Sigma-Aldrich) and from the
MEA: (d) as-mounted dried one, (e) after introducing
vapor water with sufficiently high humidity, (f) after in-
troducing humidified hydrogen, and (g) after the aging
procedure.
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Fig. 6 (Color online) Time evolution of the Pt concentrations of
the Pt°, Pt* and Pt2* species at the Pt/C cathode. Blue solid
lines denote the fitted results with the assumption of the two-
step oxidation/reduction model.
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Fig. 7 (Color online) Time evolution of the concentration of the
contaminated S2- species at the Pt/C cathode. Solid lines
denote the fitted results with the assumption of the simple
first-order reaction model.
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Catalytic reaction analysis of polymer electrolyte
fuel cell electrodes by atmospheric pressure hard
X-ray photoelectron spectroscopy

Yasumasa TAKAGI Japan Synchrotron Radiation Research Institute, SPring—8, 1-1-1 Kouto, Sayo,
Hyogo 679-5198, Japan

Toshihiko YOKOYAMA Institute for Molecular Science, 38 Nshigo-Naka, Myodaiji, Okazaki, Aichi
444-8585, Japan

Abstract We have developed an atmospheric pressure hard X-ray photoemission spectroscopy system at
BL36XU of SPring—8 to perform operando measurements of catalytic reactions at polymer
electrolyte fuel cell electrodes. In particular, we analyzed the change of the sulfur compounds at
the electrodes as a function of the applied voltage between the electrodes in detail by using the
feature of photoelectron spectroscopy, such as the identification of the valence of the atoms by
chemical shifts and the estimation of the position of the target compound from the shift of the
peak due to the applied potential. We also developed a quick operando measurement system by
repeating the cycle of increasing and decreasing the applied voltage and obtained the rate
constants of oxidation and reduction reactions by applying voltage. This enables us to analyze the
reaction kinetics in the electrochemical cells under working conditions.
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