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Recently, semiconductor photocatalysis has attracted particular attentions because of its
potential ability to provide the sustainable and environmental-friendly energy by converting
solar energy into chemical fuels, such as H, and hydrocarbons. However, a breakthrough in
the conversion efficiency is still needed for realization of practical application. It has been
argued that the recombination of photo-generated electron-hole pairs greatly affected the
photocatalytic performances. In this work, the research target is to understand the effect of
crystal and electronic structures on photocatalysis and to improve the generation and
separation of photo-generated electron-hole pairs towards high photocatalytic activity. To
achieve these purposes, the main strategy is to construct NaNbO; with different crystal
structures and investigate the relationship between crystal structure and photocatalytic
performances in solar energy conversion, such as H, generation and CO; reduction.

Firstly, controllable syntheses of orthorhombic and cubic NaNbO; were investigated. It
was found that orthorhombic NaNbOQ3, a stable phase at room temperature, could be prepared
using inorganic starting reagents. However, cubic NaNbQ;, which usually exists at the
temperature above 913 K, could be controllably synthesized at low temperature via a surface
coordination modulation using organic starting reagents. The generation of cubic NaNbO;
was attributed to the organic ligands coordinated on the surface of NaNbQj; crystal which
lowers the surface energy of cubic NaNbO; crystals. The sample in cubic phase shows
significantly higher activities than the orthorhombic NaNbQO; sample in photocatalytic H,
evolution and CO, reduction.

Secondly, theoretical calculation was carried out to understand the effect of crystal and
electronic structures on photocatalytic efficiency over cubic and orthorhombic NaNbOj;. The
results revealed that the band-gap difference between the two phases of NaNbO; is caused by
the variant octahedral ligand field. The high symmetry in cubic NaNbO; results in its unique

electronic structure which is beneficial for the electron excitation and migration and thus
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contributes to its higher photocatalytic activity than orthorhombic NaNbQ;. Furthermore,
experiments were performed to confirm the different properties of cubic and orthorhombic
NaNbO; by fabricating the samples with similar surface area.

Thirdly, photocatalytic performances of NaNbO; were further improved by constructing
surface-phase junctions between cubic and orthorhombic phases to effectively improve the
separation of photo-generated electron-hole pairs. NaNbO; with mix-phase structure was
selectively synthesized by controlling the oxidation temperature of the surface organic ligands
coordinated precursor. The results show that the photocatalytic activities of NaNbO; are
greatly enhanced by fabricating mix-phase structure, which indicates that the formation of
surface-phase junctions between cubic and orthorhombic NaNbQ; could avoid the
* electron-hole recombination in orthorhombic NaNbO; and improve the charge separation
efficiency in the mix-phase NaNbO; samples.

Fourthly, because pure NaNbOj; could response only to the UV light, which just occupy
about 4% of the total solar spectrum, the light harvest of NaNbO; was improved by using
second order non-linear optical crystal as a light frequency converter. With LiNbO; crystals
added to the reaction system, the visible-light activity of H, evolution over NaNbQO; was
improved.

In summary, this thesis revealed that the photocatalytic performances of NaNbQO; are
greatly affected by the crystal structures. Cubic NaNbO; has higher activities in H, generation
and CO; reduction than orthorhombic NaNbO; due to its unique electronic structure which
benefits the generation of photo-induced electron-hole pairs and the charge migration. The
photocatalytié activity could be continually improved by constructing NaNbO; with
mix-phase structure, which can benefit the separation of the photo-generated electron-hole
pairs. Furthermore, using non-linear optical crystals could effectively improve the generation

of photo-induced electrons.
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