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TiO,-Photocatalysis, which is considered to be green chemistry, has been applied to
oxidative decomposition of benzene. In this study, we focused on initial steps when benzene is
oxidized on surface of TiO; particles under UV radiation.

A systematic analysis of byproducts from benzene both in solution and on surface of TiO,
was carried out. Byproducts were classified to phenolic compounds, carboxylic acids and
polymeric substance. The deactivation of TiO, during photocatalytic reaction is mainly caused by
adsorbed phenolic products, especially by catechol. Although polymeric substance is not
poisonous as phenolic products, it physically prevents the photocatalytic reactions.

For the first time in the analysis of photocatalytic reactions, oxygen sources for
photocatalytic reactions on TiO, particles was confirmed to be both O, and H,O molecules. Their
contributions on oxidation of benzene to phenol depend on TiO, structure, surface modification
and reaction conditions. Two mechanisms for phenol formation, oxygen-transfer pathway with
the involvement of H,O and hole-transfer pathway with the involvement of O,, have been
proposed. The former is dominant on anatase particle and accounts for its higher photocatalytic
activity compared with rutile particles.

For the first time, the detection of muconaldehyde as an initial ring-opened product of

benzene indicates that not only the conventional hydroxylation pathway but also a ring-opening
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pathway takes place in photooxidation of benzene. Of the two, ring-opening pathway was
experimentally confirmed to contribute a larger part in overall mineralization of benzene in the
initial stage of the reaction. Ring cleavage can occur in two possible mechanisms, an
ozonization-like process with the involvement of ozone-like species produced on TiO, surface
under UV irradiation and a process going through dioxetane species formed in coupling between
benzene cation with superoxide anion.

Finally, the photooxidation of H,O and reduction of O, can occurs simultaneously on TiO,
surface under UV irradiation. Rutile powders, which has lower photocatalytic activity in
oxidation of organic compound, shows higher activity in formation of O, compared with anatase
powders. This could be attributed to the difference in crystal structures between anatase and

rutile.
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