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Abstract of Thesis

Utilizing solar energy to drive catalytic reactions over semiconductor photocatalysts promises a green and
sustainable energy society. In a typical photocatalytic reaction, the photogenerated charge transfer (CT)
is the prerequisite to display the efficacy of the final catalytic reactions. Therefore, there remains the
need to investigate the CT process

Nowadays, researchers are increasingly focusing on defect engineering as a means of regulating and modifying
the electronic structure of semiconductor photocatalysts to add extra electronic transition pathways and
thereby extend their light absorption ability to longer wavelengths. However, the role of defects in the CT
is still unclear.

In this thesis, attention was focused on two typical photocatalytic reactions, Hs evolution and pollutant
degradation, where the photogenerated electrons play an important role. The defect-mediated electron transfer
(ET) processes in a series of typical photocatalysts were studied by combining experiments and theoretical
simulations.

In Chapter 1, Au/TiO, mesocrystal as a plasmonic photocatalyst prototype was investigated by using
single-particle photoluminescence spectroscopy combined with finite—difference time—domain simulations. It
was found that introduction of defect states built up a channel for hot electrons with energies lower than
the Schottky barrier height to transfer to the semiconductor, resulting in an enhanced photocatalytic
degradation rate of methylene blue.

In Chapter 2, the photocatalytic mechanism of the N-deficient carbon nitride (DCN) with N vacancies (V,s)
and cyano groups was studied by a combination of experimental investigations and density functional theory
(DFT) calculations. It was found that the photocatalytic activity of DCN for H, evolution was restricted by
the low mobility of the photogenerated electrons caused by defects, especially the cyano groups.

In Chapter 3, by taking carbon nitride (CN)/MoS; (MS) as a heterojunction photocatalyst prototype, it was
unraveled that vacancies played a critical role in the interfacial ET (IET) of heterojunction photocatalysts
DFT calculations, combined with femtosecond time—resolved diffuse reflectance spectroscopy (fs—TDRS), gave
a clear picture that V, states acted as shallow trap states (STSs) for photogenerated electrons and thereby
facilitated the IET process due to a large energy difference between STSs and charge separation states.
Moreover, the excess electrons left by the loss of N atoms (producing V,s) could partially transfer to MS to
generate STSs in the forbidden band of MS, where the transferred photogenerated electrons could be further
trapped to efficiently drive H, evolution.

In Chapter 4, the IET kinetics of CN/Pt as a semiconductor/cocatalyst prototype was investigated by fs—TDRS.
It was found that the near bandgap excitation of CN inhibited the IET of CN/Pt due to electron deep trapping
induced by intrinsic defects, resulting in a markedly decreased apparent quantum efficiency for photocatalytic
Hy evolution.

In Chapter 5, the photogenerated electron kinetics of a thermal-decomposed CN (TCN) was investigated by
fs—TDRS. It was found that the oxygen functional group defects in TCN contributed to the formation of reactive
STSs for photogenerated electrons, leading to an enhanced activity for photocatalytic H, evolution.

This study provided mechanistic insights into the defect-mediated ET, which would guide the design and

optimization of ET reactions with high efficiency for photocatalysis.
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