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In order to improve the photocatalytic performance of anatase TiO., proper control of the
reactive facets and its molecular-level understanding are important. This experimental and
theoretical study clarifies the facet dependence of the photocatalytic reaction at the anatase
TiO. surface. Experiments were conducted by Prof. Satoshi Yamauchi et al. at the College of
Engineering, Ibaraki University, who deposited <112> oriented anatase TiO. layers on
Ru(0001) substrates by low-pressure chemical vapor deposition at 360°C . The photocatalytic
activity initiated by UV irradiation of methylene blue solution at around 365 nm is significantly
higher, with a rate constant of 6.1 x 10-! min'!, two orders of magnitude higher than that on
the polycrystalline TiO,. Density functional calculations using the constrained DFT (CDFT)
and hybrid function methods show that holes generated after photoirradiation are stably
trapped not on clean surfaces but on hydroxylated (hydroxyl group-added) surfaces,
especially on hydroxylated (112) and (001) surfaces. Both experimental and theoretical
studies have elucidated the high photocatalytic activity on anatase TiO» (112) surfaces.
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Fig.1 Anatase TiO- (a) (101), (b) (112), (c) (001), (d) (100), (e) (110) surfaces employed in
simulation. Color code: Blue: Ti, Red: O. Black lines delimit the simulation cell boundaries. The
labels in each panel are the site numbers of O atoms. The definition of the z (surface normal)
coordinate is also displayed. These pictures are drawn with VESTA.'V
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Fig.3 (a) Same as Figure 2 but with a dissociated water molecule. (b) Hole trapped at the surface OH of
the (101), (112) and (100) surfaces. At the (001) and (110) surfaces, holes are trapped at the
surface oxygen. The yellow isosurface shows the location of the trapped hole.
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