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Visible Light Photoelectrochemical Response of Carbon-doped TiO,
Thin Films Prepared by DC Reactive Magnetron Sputtering

ZHU Lei CUI Xiao-Li* SHEN lJie YANG Xi-Liang ZHANG Zhuang-Jian
(Department of Materials Science, Fudan University, Shanghai 200433, P. R. China)

Abstract: Carbon-doped TiO thin films were prepared by direct current (DC) reactive magnetron sputtering at room
temperature in an Ar/O, ambience, using a titanium target incrusted with graphite pieces. The films as prepared were
characterized by X-ray diffraction (XRD), UV-Vis transmission spectra, and photoelectrochemistry methods. The XRD
patterns of the films showed that the doping of carbon was beneficial to the crystallization of the films. When the ratio
of area of C/Ti in the target was less than 0.10, the crystallization of the films increased with the increase in graphite
area in the target. The band gap of the films decreased from 3.4 eV to 3.1 eV when the ratio of area of C/Ti in the
target was 0.05. The photoelctrochemical property of the films improved when the ratio of area of C/Ti in the target
was less than 0.10. When this ratio was 0.10 the photocurrent density of the film was 0.069 pA -cm™ at 0 V under
visible light illumination. However, an abnormal photoelectrochemical response was observed when the ratio of area
of C/Ti in the target was 0.16.

Key Words: DC reactive magnetron sputtering mothed; ~Graphite/titanium target; Carbon-doped TiO, thin film;
Photoelectrochemistry
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Fig.1 XRD patterns of Ti0, thin films
(a) as prepared, (b) after annealing at 450 C for 90 min in

an argon ambience; A: anatase
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Fig.2 XRD patterns of pure TiO, (a) and carbon-
doped TiO, (b, c, d) thin films
All the samples were annealed at 450 “C for 90 min in an argon ambience.
ratio of area of C/Ti in the target: (a) 0, (b) 0.05, (c) 0.10, (d) 0.22
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Fig.3 Transmission spectra of pure TiO, (A) and
carbon-doped TiO, (B) thin films
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Fig.4 Plots of (ahr)"? vs hv for pure TiO, (A) and
carbon-doped TiO, (B) thin films
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Fig.5 Photocurrent versus measured potential for pure Ti0O, (A) and carbon-doped TiO, (B, C, D) thin film
electrodes in the dark (I) and under visible light (II) and UV-Vis light (III) illumination
ratio of area of C/Ti in the target: (A) 0, (B) 0.05, (C) 0.10, (D) 0.16
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Fig.6 Open circuit potentials for pure TiO, (A) and
carbon-doped TiO, (B, C, D) thin film electrodes
under UV-Vis illumination
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Fig.7 Open circuit potentials for pure TiO, (A) and
carbon-doped TiO, (B, C, D) thin film electrodes
under visible light illumination
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Table 1 Open circuit potentials (OCP) of pure TiO,
(A) and carbon doped TiO, (B, C, D) thin film
electrodes prepared with different ratios of area of

C/Ti in the target

Sample Ratio of 'area OCP (V) . OCP (Y) AOCP (V).
of C/Ti (under UV-Vis) (under Vis) (under UV-Vis)
A 0.00 -0.220 0.000 -
B 0.05 -0.224 -0.050 0.004
C 0.10 -0.356 -0.124 0.136
D 0.16 -0.148 0.109 -0.072
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