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Photocatalytic nitrate generation from water and air on titanium dioxide photocatalysts with
surface oxygen vacancies (Graduate School of Engineering Science, Osaka University) O
LAVIN, Kiki; SHIRAISHI, Yasuhiro; HIRAI, Takayuki

Nitrate (HNO3) is currently manufactured by the Ostwald process with NH3 and O, under
extremely high temperature conditions. In addition, the process requires NH3 produced by the
Haber-Bosch process with H, and N, under severe reaction conditions. A new catalytic process
that produces HNOs directly from air by N fixation (1/2N,+ 5/40, + 1/2H,0 — HNOs; AG® =
+25.3 kJ mol ') at atmospheric pressure and room temperature is therefore desirable. We found
that HNOs can be produced by photoirradiation of TiO, powders with surface oxygen vacancies
(JRC-TIO-9) in water under air flow. None of rutile TiO, and vacancy-free anatase TiO, show
activity. Photocatalytic reaction in the presence of electron acceptors decreases the HNO3
formation, while the addition of electron donor enhances the HNOs formation. This indicates
that HNO; is not produced by the N, oxidation with the photogenerated holes. Raman
spectroscopy of the JRC-TIO-9 catalyst exhibits the formation of a peroxide oxygen species,
suggesting that the oxygen species formed by the O, reduction on the surface oxygen vacancies
are the active species for the N, oxidation. DRIFTS measurements with air confirmed the
formation of NO. The reaction of peroxide species with N> may produce NO, which may
undergo autooxidation (NO + 3/40, + 1/2H>0 — HNO:s) to form HNO:s.
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