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Abstract

Energy conversion from solar to chemical energy is an important technology to store solar
energy. Photoelectrochemical conversion is studied as a means to directly convert solar
energy due to its easy setup and theoretical interest. In this presentation, n-type GaN single
crystal is discussed as the photoanode for photoelectrochemical water splitting.

Due to its large bandgap, n-type GaN is not ideal for photoanodes, however it is a suitable
material to study the photoelectrochemical process due to its chemical stability. However,
even n-type GaN shows anodic corrosion under photoelectrochemical oxidation conditions.
Experimental results show that the kind of electrolytes and the density of point defects affect
the stability but the dislocation density does not affect stable operation. That is, n-type GaN
is relatively stable in aqueous NaOH solution with relatively low Si doping. Even under these
conditions, the anodic corrosion of n-type GaN is not suppressed completely.

Carrier transfer evaluation is helpful to understand this anodic corrosion process. From
comparison with photoluminescence (PL) and photoelectrochemical water oxidation
experiments, an intermediate hole trap with long life time, i.e. yellow luminescence (YL) in
PL studies, is thought to be related to water oxidation. The carrier transfer process from the
intermediate state to the reactant in the electrolyte is, however, estimated to be relatively
slow. Therefore, it is estimated that the carrier transfer from the intermediate state to the
reactant reaches the limited rate soon, hence the anodic reaction of GaN occurs easily.
When NiO is loaded on the n-type GaN, the anodic corrosion is suppressed completely.
From the evaluation of the optical properties of n-type GaN with/without NiO loading, the
hole accumulation at the NiO probably plays the role of the reaction centre of water oxidation.
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