|

) <

The University of Osaka
Institutional Knowledge Archive

Studies on Photocatalyst of Ti02 Mesocrystals
Title with Versatile Functions for Solar Energy
Conversion Technique

Author(s) |Zhang, Peng

Citation | KPrKZ, 2016, {EtH

Version Type|VoR

URL https://doi.org/10.18910/55922

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



Form 3
Abstract of Thesis

Name (3EME Peng Zhang)

Studies on Photocatalyst of TiO2 Mesocrystals with Versatile Functions for Solar Energy

Title Conversion Technique (KEtT kN X —EHHFOLIEREIEEZ AT AT ¥ > A 2 fdb el
2B DA 5E)
i LN T D B

Throughout this thesis, the potential and versatility of TiO2 mesocrystals (TMC) as photocatalysts in solar
energy conversion have been studied via modification and doping of TMC.

In Chapter 1, dynamics of photogenerated charge carriers (electrons or holes) in CoPi-modified TMC and
MoS2-TMC was studied. In the case of CoPi- modified TMC, ensemble-averaged experiment and single-particle
spectroscopy were carried out to confirm their superior efficiency. In situ single-particle fluorescence imaging
technique with specific fluorescent probes was used to monitor the photooxidative reaction on individual
catalysts. It was found the combination of CoPi/Pt co-modification and the anisotropic electron flow in TMC were
significantly retarded the charge recombination.

On the other hand, it was confirmed that 3D architectures of TMC uniformly packed with a chemically
exfoliated MoSz shell exhibited promising photocatalytic efficiency and good stability in synergetic hydrogen
evolution. Their efficient interfacial electron transfer and separation from the excited TiOz2 moieties to the
decorated ultrathin MoSz shell was effectively monitored, promoting their good photocatalytic activity in
hydrogen generation.

In Chapter 2, a series of TMCs with controllable {001} and {101} facets was successfully synthesized after
introducing the crystal growth inhibitor (NH4F). Their photocatalytic performances were explored in pollutant
degradation and hydrogen evolution. It was suggested that the {101} facet prefers reduction, whereas the {001}
facet favors oxidation, and that the anisotropic electron flow in dye system attributes to the
crystal-facet-dependent surface adsorption and tunable electron transfer.

In Chapter 3, doped TMC was it was successfully synthesized via topotactic confined doping. In the first part,
the crystal growth, phase transition, and dynamic structural evolution during the topotactic transformation from
NH4TiOFs to F-doped TMC were monitored via in situ temperature-dependent techniques (XRD and TEM). The
intermediate TiOF2 was incorporated as F color centers into F-doped TMC without any morphological change.
Their comparison of charge transfer dynamics based on the photocatalytic efficiency confirmed that n-type
F-doping induces faster electron mobility and more favorable surface modification for the efficient visible-light
driven hydrogen generation.

Secondly, it was successfully synthesized TMC with the uniform distribution of N, F dopants from the direct
annealing of the intermediate NH4TiOF3 during the topochemical transformation. The photoreductive efficiency
of Cr (VI) to Cr (III) was correlated to the optical absorption dependent on the dopant content at various
annealing temperatures. The N doping in the localized mid-gap state together with the surface F coupling
enhanced the photocatalytic degradation of MB, which is explained by the charge transfer dynamics under the
visible or UV light irradiation.

In conclusion, the thesis is clear to introduce the development of TMC via modification and doping and clarify
their photochemical characteristics under the UV-visible light irradiation. All works can help us to gain an
in-depth understanding of the efficient charge separation with suitable structure-induced photocatalytic activity
for environmental remediation and energy conversion. With intensive study of extraordinary performance in
TMC, more expected device and superstructure can be designed to significantly improve the limitation of low
quantum efficiency and wide band gap energy for TiOz. The mesocrystal is still at the early stage of development,
the promising future can be foreseen as the basic building block for next generation high-end materials in energy

and environment.
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