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1. Introduction 
The development of a clean and renewable energy carrier that does not utilize fossil fuels 
is a great technical challenge. One of the most attractive proposals is the large-scale 
utilization of hydrogen (H2) as a recyclable energy carrier. H2 produced using renewable 
energy sources rather than fossil fuels, such as H2 photocatalytically generated from 
water utilizing solar radiation, has thus attracted much interest as a clean energy carrier. 
Ever since Fujishima and Honda reported photoelectrochemical water splitting using a 
TiO2 electrode in 1972,1 numerous researchers have intensively studied water splitting 
using semiconductor photocatalysts.2 Although more than 100 photocatalytic systems 
based on metal oxides have been reported to be active for water splitting, almost all of 
them function only under ultraviolet (UV) light (λ< 400 nm) because of the large 
bandgap energy of semiconductor materials. Since nearly half of the solar energy incident 
on the Earth’s surface lies in the visible region (400 <λ< 800 nm), it is essential to use 
visible light efficiently to realize practical H2 production on a huge scale by photocatalytic 
water splitting. Despite many years of intensive effort by researchers around the world, 
the first reproducible demonstration of water splitting under visible light was reported 
only a decade ago.4 The first demonstration of visible-light-driven water splitting, which 
was inspired by photosynthesis in nature, will be introduced in this presentation. 
 
2. Difficulties in achieving water splitting under visible light 
When a heterogeneous semiconductor photocatalyst is used for water splitting, the 
bottom of the conduction band (CB) must be more negative than the reduction potential of 
water to produce H2, and the top of the valence band (VB) must be more positive than the 
oxidation potential of water to produce O2. Furthermore, the photocatalyst must be stable 
in aqueous solutions under photoirradiation. Unfortunately it is fundamentally difficult 
to develop an oxide semiconductor photocatalyst having both a sufficiently negative CB 
for H2 production and a narrow bandgap (i.e., < 3.0 eV) for visible light absorption 
because of the highly positive VB (at ca. +3.0 V vs. NHE) formed by the O 2p orbital. 
Although some non-oxide semiconductors posses appropriate band levels for water 
splitting under visible light, they are generally unstable and readily deactivated through 
self-oxidative decomposition, instead of O2 evolution. There are not many stable 
semiconductors having both a visible light absorption capability and a sufficient potential 
for water splitting; the few exceptions include the GaN:ZnO solid solution.5 Thus, water 
splitting by visible light remains challenging. 



 

 

 
3. Construction of a two-step water-splitting system 
We have thus developed a new system based on two-step photoexcitation mechanism 
between two different photocatalysts (Fig. 1), in which 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 couple (Red/Ox) in the solution. Over a H2 evolution 
photocatalyst, the photoexcited electrons in CB reduce water to H2 and the holes in VB 
oxidize the reductant (Red) to an oxidant (Ox). The oxidant is reduced back to the 
reductant by photoexcited electrons generated over an O2 evolution photocatalyst, where 
the holes oxidize water to O2. This system lowers the energy required for photocatalysis, 
allowing visible light to be utilized more efficiently than in conventional water-splitting 
systems. We demonstrated water splitting under visible light for the first time in 2001 
using SrTiO3 doped with Cr for H2 evolution, WO3 for O2 evolution, and an iodate/iodide 
(IO3–/I–) redox couple as an electron mediator. Subsequently various 
visible-light-responsive photocatalysts, such as metal (oxy)nitrides and organic dyes, 
have been successfully applied to the 
two-step overall splitting of water.6 The 
use of BaTaO2N or coumarin organic dye 
was demonstrating to be photoactive at 
wavelengths up to ca. 700 nm. These 
results demonstrate the potential of a 
two-step water-splitting system for 
utilizing a broader band of visible 
spectrum. 
 
Conclusion 
The introduction of Z-scheme has drastically 
extended the available wavelengths for water splitting; however, the quantum efficiency 
(ca. 6% at 420 nm)6-d is still too low to achieve the current target for practical application 
(ca. 30% at 600 nm), which corresponds to a solar energy conversion efficiency of about 
5%. Another technical challenge is the construction of a system that can generate H2 
separately from O2 to minimize the danger of explosions. The Z-scheme photocatalytic 
systems have the potential to be used in such separated water-splitting systems. 
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Figure 1. Photocatalytic water splitting 
under visible light through two-step 
photoexcitaion  


