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Investigation of Photoelectrolysis of Water with
Semiconductor Electrodes

Masayoshi OzAki, Masahiro ONo, Hidetoshi KoBAYASHI
Junji NANJO, Shigeru NoMURA and Shin-ichi HARA

Abstract

Photoelectrolysis of water with two types of semiconductor electrodes which are the Cr-doped single
crystal TiO, and the Si,/TiO, heterojunction has been investigated. The Photoresponse of Cr-doped TiO,
electrode showed longer wave length (visible light region) spectral response than that of non-doped TiO,
electrode. The visible light response is explained by the formation of the d-band due to Cr-doping below
the conduction band edge of the TiO, in energy diagram. Photocurrent of Cr-doped TiO, electrode,
however, decreased. This decrease is mainly due to the structural defects induced in the single crystal
TiO, by high temperature treatment of Cr-doping resulted in localized deep levels in forbidden band.
These deep levels enhance the recombination rate of the photo-generated carriers. The electrode of n-Si,/
TiO; heterojunction was fabricated by coating the Si substrate surface with TiO, thin film using CVD
technique. The thickness of TiO, film determines of the onset potential of photocurrent. The onset
potential were shifted to negative potential side with decreasing the TiO. film thickness.
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TCr 3 —dBENHEMEAIZ L 5 d-band BRI N2 ik D EEZ L5,

Fig. 413, Cr F—73 BB F—7 L o WABORER - BEFETH 5, MBEMICH

197



RIGIESR - NEFIEH - KT - RET - BN - R #—

FHIL EH)BALE, ¥—0.5V EEb L v, IERRAONAL T 2T, Cr F—7L 78
e LZwARD n-TiO, AROKLERBEEL D DL VIS LEIC > T VB Edbh b,
ZHZ &I, Bk Cr F—712 & » T IE#WNIC d-band TEBR L3 & L CHB S N0
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Fig. 2 Photocurrent vs. wavelength for Fig. 3 Band structure of Cr-doped TiO,
TiO, electrode and Cr-doped TiO,
electrode
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Fig. 4 1-V characteristic for n-TiO, elec- Fig. 6 1-V characteristics for TiO,/Si
trode and Cr-doped TiO, electrode electrode
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Fig. 7 Photocurrent vs. wavelength for n
-TiO,/n-Si electrode
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Fig. 9 Band transition under consideration of interface states. (a) : before
contact (b) : after contact (c) : thinner TiO, film
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