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1. Background of research
The development of a clean and renewable energy carrier that does not utilize fossil fuels is a great
technological challenge. One of the most attractive options is the large-scale utilization of hydrogen (H2) as a
recyclable energy carrier. However, industrial H2 production consumes huge amounts of fossil fuels (e.g.,
natural gas), resulting in equally large CO2 emissions. Photocatalytic water splitting using semiconductor
materials has thus attracted considerable interest due to its potential to cleanly produce H2 from water by
utilizing abundant solar light.

2. Research objectives
The developments of water-splitting systems that can efficiently use visible light (which accounts for almost half
of the solar spectrum on the Earth’s surface) have been a major challenge for many years in order to realize
efficient conversion of solar light. Another technical challenge is the construction of a system that can generate
H2 separately from O2 to minimize the danger of explosions.

3. Research characteristics (incl. originality and creativity)
We have developed a new type of photocatalysis system that can split water into H2 and O2 under visible light
irradiation, which was inspired by the two-step photoexcitation (Z-scheme) mechanism of natural
photosynthesis in green plants. In this system, the water splitting reaction is broken up into two stages: one for
H2 evolution and the other for O2 evolution; these are combined by using a shuttle redox mediator (Red/Ox) in
the solution. This system lowers the energy required for photocatalysis, allowing visible light to be utilized more
efficiently than in conventional water-splitting systems. Another advantage of Z-scheme systems is the ability to
separate production of H2 and O2 by employing a separator that permits only redox mediators to be transferred.

4. Anticipated effects and future applications of research
The development of practical solar-hydrogen production system will help solve global energy and
environmental problems toward the realization of a sustainable society.
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