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Aiming to reveal the effect nitride, oxide, and fluoride anions in a ternary—mixed—anion compounds, which contains 3
anions in the same lattice, nitrogen/fluorine codoping into rutile TiO,, a well-known water oxidation photocatalyst, was
investigated by theoretical calculation and experiment. The results revealed addition of fluorine enhances incorporation of
nitrogen into TiO, lattice while suppressing formation of defects, which forms deep trap states for the photoexcited
carriers. Furthermore, nitrogen/fluorine codoped rutile TiO, (TiO2:N,F) worked as a water oxidation photocatalyst for a
visible-light—driven Z—scheme overall water splitting system. In order to achieve high photocatalytic activity in TiO,:N,F,
appropriate adjustment of the nitrogen/fluorine doping level, which maximizes visible light absorption while minimizing the
density of deep trap states for the excited carriers, was a key.

As a result of enhancement of nitridation by fluorine, TiO,:N,F was able to be synthesized at low temperature (< 773 K).
The low preparation temperature allowed reduction of particle size just by using nano—sized TiO, as a precursor. The
Z-scheme overall water splitting system constructed using thus obtained nano—TiO4:N,F showed 4 times higher activity
than the bulk counterpart and comparable activity to the one using BiVO,, a benchmark water oxidation photocatalyst.

A GaN-ZnO solid-solution-related compound, Ga;—Zn,N,O,F), was also synthesized using fluorine—assisted
low—temperature nitridation. Ga;—,Zn,N,O,F) was able to be synthesized at 823 K, which is far lower than 1073 K
necessary for synthesis of GaN-ZnO solid—solutions by a conventional nitridation method. As a result, volatilization of Zn
during the synthesis was suppressed and that lead to a redshift of the absorption edge to 560 nm, compared to GaN-ZnO
solid—solutions synthesized by the conventional method (< 500 nm). This extended visible-light absorption of
Ga;—Zn,(N,O,F) was able to drive photoelectrochemical water oxidation reaction.

Lowering of nitridation temperature resulted in the suppression of the defect concentration and volatilization of
elements like Zn in Ga;—,Zn,N,O,F), which negatively affect the functionality of the materials. In addition, the low
temperature nitridation may open a new route for the synthesis of thermodynamically metastable phases. Thus, the
fluorine—assisted nitridation can be a useful method for obtaining new functional oxynitrides.
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