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Water splitting reaction using semiconductor photocatalyst has been attracted to obtain the hydrogen energy from solar
energy. In this reaction, it is known that the recombination of excited carriers is one of the main causes to reduce the
photocatalytic activity. In order to avoid the recombination process, modification of the cocatalyst nanoparticles onto the
semiconductor surface is generally applied to capture the excited carriers to promote carrier separation. Particularly, metal
oxide nanoparticles are widely known as cocatalysts for water oxidation reaction, and they have been contributed to the
enhancement of photocatalytic activities for water oxidation. However, previous studies rarely investigated the detailed
parameters of cocatalyst itself, because cocatalyst modification has recognized to be a method to improve the activity. In this
work, | focused on cobalt oxide (CoOx) nanoparticle which is known as a good water oxidation cocatalyst in order to
investigate its parameter and modification effects onto the photocatalyst.

In Chapter 1, importance of this work was described from the current status of the photocatalysis.

In Chapter 2, CoOx cocatalyst was site-selectively modified onto TiOz thin film photoanode modified by Au nanoparticles
(Au/TiO2 photoanode). The photo-assisted electrochemical method for CoOx modification was developed to modify CoOx
cocatalyst only for the water oxidation active site. By this method, water oxidation performance was enhanced for 2~3 times
by CoOx modification.

In Chapter 3, and Chapter 4, the investigation of the mechanism of CoOx/TiO2 photocatalyst was employed. This
photocatalyst can proceed water oxidation under visible light by the electron transition from CoOx to TiO2. It was confirmed
that CoOx showed the highest photocatalytic activity among other first-row transition-metal oxide, and the highly dispersion
of CoOx is important to raise those photocatalytic activities.

In Chapter 5, the electrochemical potential of CoOx nanoparticles were estimated by photochemical water oxidation
system using ruthenium photosensitizers. The pseudo-overpotential for water oxidation over metal oxide nanoparticles was
successfully estimated in ~50 mV of error by this established methodology.

In Chapter 6, the thesis was summarized and future perspectives of this research field were described.
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