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Detection and behaviors of active intermediates in TiO, photocatalytic reaction
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Recent studies on the detection and behavior of the active species which play important roles in TiO, photocatalytic
reactions are briefly reviewed. This article follows the previous review article published in this journal five year ago and
includes following topics. Sterically hindered cyclic amines are oxidized by TiO, photocatalysts and form the
corresponding nitroxide radicals. Though these amines are used for detecting singlet oxygen (*O,), the method cannot be
applicable to photocatalysis. The formation of *O, in photocatalysis was detected by monitoring phosphorescence at 1270
nm band. Although the lifetime of 'O, is as short as 2 us because of a strong interaction with TiO, surface, the reaction
with pyrrole and folic acid occurs within about 1 ps. Hydroxyl radicals (*OH) was detected for anatase photocatalysts but
not for rutile photocatalysts in aqueous suspension. On the other hand, *OH was detected for both crystalline phases in
gaseous reaction systems, where LIF method has been used. The reactivity and the state of surface OH groups were
changed by heat treatment of photocatalysts as evidenced by the decomposition rates of amino acids and dipeptides.
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Fig. 1 Main process of typical photocatalytic
reaction
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Fig. 2 Photocatalytic formation of TEMPOL from
HTMP takes place via photo-induced holes (A)
followed by the reaction with molecular oxygens
(B),(C), instead of a reaction with *0,.”
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Fig. 3 Emission spectra observed between 1.5 to 6.5
us after the laser pulse irradiation on P25 TiO,(O),
and MT-500B(Rutile) TiO, (@), suspension, water
(0)and rosebengal (A) . The wavelength of laser beam
was 355 nm except for rosebengal for which 532 nm
was used.
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Fig. 4 Process of the formation and decay of 'O, at
the TiO, surface, which cannot distinguished from
direct recombination of electron-hole pair in the
photocatalyst.®’
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Fig. 5 Ratio of the 'O, emission intensity with

methionine (dashed line) and folic acid (fine line). to

the first order decay of TiO, (P25) powder
suspension.”
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Fig. 6 Laser induced fluorescence excitation spectrum
of OH radicals produce by 355-nm laser irradiation of
TiO, (ST-01) powder.
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Fig. 7 Plausible reaction scheme for the OH radical
formation on the irradiated TiO, surface.’?
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Fig. 8 Plausible surface structure on irradiation for
TiO, hydrated before calcination and dehydrated

after calcination.
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