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We have investigated water-splitting photocatalysts under visible light on the basis of a material
design and a mechanistic approach. Then, we discovered a solid-state hetero-junction
photocatalyst, which achieved the overall pure-water splitting under red light, following a
conventional well-known Z-scheme mechanism, but the present photocatalyst did not require any
chemicals as a redox mediator. We connected zinc rhodium oxide (ZnRh204) and bismuth
vanadium oxide (BisV2011) as hydrogen (Hz)- and oxygen

(O2)-evolution photocatalysts, respectively, with silver (Ag) Red light
to prepare a solid-state Z-scheme photocatalyst up to 740 nm
(ZnRh204/Ag/BisV2011). In this photocatalyst, Ag acted as a 4H*,

solid-state electron mediator for the transfer of electrons
from the conduction band of BisV2011 to the valence band
of ZnRh204. Utilizing thus-constructed
ZnRh204/Ag/BisV2014, the simultaneous evolution of H2 and
O:2 from pure water at a ratio of ~ 2:1 was accomplished
under irradiation with visible light up to a wavelength of ZnRh,0,/Ag/Bi,V,0,,
740 nm (red light).
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Figure 1. Basic mechanism of overall water
splitting on a semiconductor particle (left).
Band structure of a typical oxide, being able

to split water thermodynamically (right).
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Figure 2. Reaction mechanism of a two-step

photo-excitation (Z-scheme) system.
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Figure 3. Reaction mechanism of an all solid-
state two-step photo-excitation system with

electrons flow.
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Figure 4. Dependence of apparent quantum
efficiency (AQE) for Hz evolution on the
wavelength of irradiating monochromatic light.
UV-visible diffuse reflectance spectrum of

ZnRh204 is also shown.
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Figure 5. Dependence of AQE for Oz evolution

on the wavelength of irradiating
UV-visible

spectrum and photoacoustic

monochromatic  light. diffuse
reflectance

spectrum of Bi4V2011 are shown.
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Figure 6. SEM (a) and STEM (b) images of
ZnRh204/Ag/BiaV2011.  STEM-EDS

maps (c, d, e), in which blue (c), red (d), and

element

yellow (e) colors correspond to Bi, Rh, and Ag,

respectively.
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Figure 7. Time courses of Hz and Oz evolution

resulting from water splitting by
ZnRh204/Ag/BisVV2011 (closed circles with solid
lines) under irradiation with 545-nm LED (a),
610-nm LED (b), 700-nm LED (c), and 740-nm

LED light (d).
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