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Development of highly active visible-light responsive photocatalysts by the
control of surface defects
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Surface defects have been widely believed to accelerate the recombination
and decrease the photocatalytic activities; however in this work, we found that the defects do not
always decrease the photocatalytic activities. For example, the differences of photocatalytic
activities between anatase, rutile and brookite Ti0O2 are determined by the depth of the electron
traps that are associated to oxygen vacancies. The depth was shallower in the order, anatase,
brookite ~ Ti02(B), and rutile. Free and shallowly trapped electrons have high reactivity, hence
anatase shows highest activity for reduction. However, deep electron trapping decreases the
probability to meet with holes, hence rutile shows longer lifetime of holes and exhibit the highest
activity for oxidation. In the case of Ga203, Ca&Zn-doping makes shallow electron-trapping states
and then drastically elongated the lifetime of electrons and holes. The trapped electrons keep high
activity to achieve highest photocatalytic activity.
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