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Co-catalyst effects on photoelectrochemistry of bismuth vanadate studied with kinetic analysis
of photocarrier and reaction (!7Toyota Physical and Chemical Research Institute, *Faculty of
Science, Tokyo University of Science) O Yoshiyasu Matsumoto,' Akihiko Kudo?

In the heterogeneous photocatalysis, the dynamics of photo-generated charge and the
electrochemical reactions at catalyst surfaces are involved in a complex manner, thus it is not
easy to elucidate the overall reaction mechanism. Because oxygen evolution reaction (OER) is
a rate determining step of total water splitting, it is important to understand how co-catalyst
enhances the reaction rate. Here, we conducted simultaneous measurements of transient
absorption of photohole and anodic photocurrent density at a working electrode of bismuth
vanadate (BiVOs) thin film during the irradiation of a 405 nm light pulse (time duration 2 s).
These measurements provide the hole concentration accumulated in the working electrode and
the reaction rate (charge transfer rate) at the interface with electrolyte. Our choice of co-catalyst
is cobalt oxide (CoOx). First, we confirm that the reaction rate is approximately doubled by
loading the co-catalyst. Second, the simultaneous measurements provide invaluable
information for an understanding of OER kinetics: the relation between reaction rate and hole
density. In the case of oxidation of hole scavenger, Na,SOs3, the photocurrent increases with
photohole density linearly. In contrast, the photocurrent of OER depends on photohole density
nonlinearly particularly for BiVO4 with the co-catalyst. This indicates that OER has a rate
determining step that proceeds when multiple photoholes are accumulated at a reaction site.
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