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 Photoelectrochemical (PEC) solar water splitting has a big potential for providing future 

sustainable energy resource. Photoelectrodes using semiconductor films for the solar water splitting 

systems have been enormously studied, and the water splitting efficiency in the visible light region 

has been recently improved day by day. An n-type semiconductor TiO2 is a well-known most 

popular photocatalyst in terms of high photocatalytic activity, stability and large amount of stock 

(low cost). Although the less photocatalytic response in the TiO2 at visible light region, which is 

covered in the almost solar spectrum, is one of the big issues due to its wide band gap (~3.2 eV), 

the visible light response has been recently much improved by blackening of TiO 2 such as 

hydrogen-doped TiO2 (TiO2:H) [1], sulfur-doped TiO2 (TiO2:S) [2] and oxygen deficient TiO2-x [3]. 

These modifications successfully realized to increase absorption of visible light wavelength, 

leading to a significant enhancement of photocatalytic activity under sunlight irradiation.  

 However, the blackening step from pristine TiO2 takes long time (more than several hours at least) 

due to the low process temperature and needs hazardous conditions in some cases: an annealing at 

200 °C for 5 days in high pressure H2 gas at 20 bar for TiO2:H, at 600 °C for 4 h in H2S gas for 

TiO2:S and at 500 °C for 6 h in low vacuum pressure at 0.5 Pa for TiO2-x. Therefore, further 

straightforward and rapid process to obtain the black titania is demanded for application uses.  

 Recently, we have studied ultraviolet laser induced crystal nucleation and growth of oxide thin films 

from chemical solution [4], and the efficient polycrystalline growth of TiO2 thin films from the precursor 

has been realized so far. In other case, emergence of oxygen deficiency was also revealed in a rutile TiO2 

single crystal surface by a pulsed UV laser irradiation. In this case, we have observed unconventional 

metallic state was realized by the oxygen deficient TiO2-x that was not converted to Magnéli phases TinO2n-1 

but maintained the original rutile crystal structure with stacking faults [5]. This oxygen deficiency was 

realized by instantaneous photothermal heating under pulsed UV laser irradiation. Based on these results, 

we have tried an efficient production of black titania photoanodes using the UV laser irradiation to the TiO2 

films in this work, and realized very rapid conversion during several minutes from a pristine TiO2 film to an 

oxygen deficient TiO2-x film that showed 2.6-fold higher solar-to-hydrogen efficiency. 
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