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Fig.3  Band structures of TiO
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increasing of θ: (a) θ=0%, (b) θ=1.39%, (c) θ=3.13%,    

(d) θ=6.25%, (e) θ=12.5%, and (f) θ=25% 
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Fig.4  Band structures of TiO
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 calculated by U
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increasing of θ: (a) θ=0%, (b) θ=1.39%, (c) θ=3.13%,   

(d) θ=6.25%, (e) θ=12.5%, and (f) θ=25% 
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Fig.5  PDOS of TiO
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 with the increasing of θ: (a) θ=0%, (b) θ=1.39%, (c) θ=3.13%, (d) θ=6.25%, (e) θ=12.5%, and (f) θ=25% 
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Fig.6  UV-vis absorption spectra of TiO

2-x 
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Abstract: A density functional theory method has been employed to investigate the crystal structures, band structures and photoelectric 

properties of oxygen-deficient rutile TiO

2-x

 (x=0~0.5). Results show that defected states composed of Ti 3d and O 2p appear in the band 

gap owing to the introduction of oxygen vacancies. These defected states reduce the energy of electrons jumping from valence bands to 

conduction bands, so the absorption edge of TiO

2-x

 has a red shift, and the absorption intensity of visible light is enhanced, which is 

beneficial to the photocatalytic activity under the visible light. The band gap first decreases and then increases with the increasing of 

oxygen vacancy concentration (θ) from 1.39% to 25%. When θ=6.25%, the band gap is the smallest, which is 1.46 eV. Moreover, 

according to the UV-vis absorption spectra, it can be confirmed that θ=6.25% is the best oxygen vacancy concentration to improve the 

photocatalytic activity of TiO

2

 because of the electron mobility and the highest absorption ability of visible light. 
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2

 photocatalyst; oxygen vacancies; photoelectric properties; density functional theory 

 

Corresponding author: Wang Fang, Ph. D., Associate Professor, School of Materials Science and Engineering, Southwest Petroleum 

University, Chengdu 610500, P. R. China, E-mail: wangfnjust@163.com  

 


