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Abstract

Water splitting by semiconductor electrode using solar light is a key technology of hydrogen
production for the establishment of a low-carbon society. Photoelectrochemical oxidation of water
to evolve molecular oxygen is induced on an n-type semiconductor electrode by valence band holes
generated by band-gap excitation. Significant incident photon-to-current conversion efficiencies
(IPCEs) for water oxidation have been reported on tungsten(lV) oxide (WOs) films, which are
responsive to the blue part of visible light owing to the band gap of ca. 2.6 eV. Nanocrystalline
WO; films prepared by sol-gel techniques possessed porous network structures consisting of
well-crystallized nanoparticles exhibiting a large surface area for semiconductor/liquid junctions.
However, the increase in thickness to maximize light absorption would increase grain boundaries, at
which free electrons are scattered and recombination of photoexcited electron-hole pairs occurs. In
the present study, we tried to fabricate a WO3 film composed of perpendicularly oriented plate-like
crystallites and investigate the photoelectrochemical properties for water oxidation. These insights
would provide us strategy to design visible-light-responsive semiconductor electrode with high
efficiency.
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Fig. 1 Illustration of vertically-aligned
crystalline film.
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Fig. 2 Crystal structure of WO3¢H,0
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Fig.3 SEM |mages of particles collected from
(@) bottom and (b) wall of the Teflon-lined
autoclave after solvothermal reaction.
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Fig. 4 XRD patterns of (a) SnO; glass, (b)

nanocrystalline thin film, (c¢) film-A, and (d)
film-B  (X: SnO;, Y: WO3z*H,O, and Z:
monoclinic WO3).
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Fig. 5 SEM top-view images of (a) film-A,
and (b) film-B. Cross-sectional image of (c)
film-B (X: flakes, Y: nanocrystalline WO3, and
Z: Sn0;, glass).
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potential/V vs Ag/AgCI

Fig. 6 Current—potential plots for (a)
nanocrystalline thin film, (b) film-A, and (c)
film-B illuminated with chopped visible light in
an aqueous solution of 0.1 mol L™ Na,SO..
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Fig. 7 Action spectra of IPCEs for film-B
(circles) and nanocrystalline thick film in an
aqueous Na,SQO, solution. The photocurrent
was measured at +1.2 VV vs Ag/AgCIl. Diffuse
transmittance spectrum of film-B is also shown.
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