. HOKKAIDO UNIVERSITY

Exploration and Development of Novel Functional MoS2-based Nanomaterials [an abstract of

Hitle dissertation and a summary of dissertation review]
Author (s) ZHANG, Meiqi
Degree Grantor biEEKE
Degree Name B (HE1kE)

Dissertation Number FA&153885

Issue Date 2023-03-23
Doc URL https://hdl. handle.net/2115/89458
Rights(URL) https://creativecommons. org/licenses/by/4.0/
Type doctoral thesis
File Information ZHANG Meiqi abstract.pdf, XABDES

kaid
e U"/Le

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




\Y
7

uiwmXANAEDOEE

ik

BLOEKNTFORIR Ft (&3 K% ZHANG Meiqi

Exploration and development of novel functional MoS -based nanomaterials.

(RRAFREIE MoS, R/ MHEIDERER L FFE)

Transition metal dichalcogenides (TMDs), represented by molybdenum disulfide (MoS,) are attracting much
attention from researchers and have a rapid development in recent years. The MoS; nanomaterial has shown great
application potential in the fields of optoelectronics, new energy, biosensing, and catalytical (including thermal catalysis,
electrocatalysis, and photocatalysis). It is also expected to be applied as next-generation semiconductor materials in the
industry application like transistors because of its unique tunable electronic structure, high carrier mobility.

With the development of synthesis, controlled growth methods, and defect engineering, researchers have devoted
themselves to the synthesis of functional MoS; nanomaterials based on various dimensions (0-3D). The high-performance
defect-rich MoS,, dominated by sulfur vacancies, as well as Mo-rich environments, have been extensively studied, which

are attributed to the under-coordinated Mo atoms playing a great role as catalytic sites in the defect area.
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In the chapter 2, the novel synthesis
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chemical vapor deposition, hydrothermal synthesis, etc.) have been extensively investigated, and the use of catalysts to
grow MoS; has also started to attract the attention of researchers. It has been reported that the growth of 1D-MoS;
nanowires with rectangular cross-sections by using FeO nanoparticles as catalysts. This chapter firstly reviews and
introduces these synthetic methods and their products, and then boldly explores and establishes a pioneering system for the
sulfurization of 0D-Mos cluster powder as a precursor to generate MoS, nanomaterial by gas flow method and chemical
vapor transport reaction. The experimental results prove that this sulfurization strategy is indeed feasible.

In the chapter 3, a computational study on
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these square nanotubes have strain energies lower
than the traditional cylindrical ones in the small-diameter region. They also show a much smaller band gap and higher
surface energies compared with the cylindrical ones. Zigzag and armchair chirality shows qualitatively different electronic
structures about the localization of the edge states because of the under-coordinated Mo atoms located at the edges.
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fluorine-doped tin oxide (FTO) glass substrate via the electrophoretic deposition method (i.e., MI@FTO) were used as a
precursor to form a thin film nanocomposite. Detailed investigations of the structure, reaction mechanism, and NH3 gas
sensing performance were carried out. The Mox cluster-MoS; thin film nanocomposites (1 <x<<6) were characterized and
measured as gas sensors for the first time. Results indicated that after the sulfurization process, the response of MI@FTO
for NH3 gas increased by three times while showing conversion from p-type semiconductor to n-type, which enriches their
possibilities for future device applications.

Chaoter 5 In the chapter 5, the 3D Mos/MoS;
kﬁ nanoflower was creatively synthesized through

~10 layers, dygaciog=0.62 nm

the sulfurization process in a vacuum which is the

Br, Br_ Br,
shrs 8.8 sls
4 i

7 ) development of the Chemical Vapor Transport

Sulfur powder Qoo §
Moctustr S0 Reactions base on the Chapter 2. The significant

s
amems-ayereasucre — HETErOgENEOUS structure

effect of the pressure of the reaction system in a
vacuum tube on the final MoS, product was revealed for the first time, laying the foundation for future Mos cluster
sulfurization processes. The structure of this star-shaped nanosheet has been observed and analyzed in detail, and
successfully demonstrated that it has a novel Mos cluster/MoS; heterogeneous structure for the first time.

In the chapter 6, overall summary of this thesis was presented.




