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Abstract

Abstract

Chemical doping and morphology control are two ways proved to be efficient in
improving the nano/micro-materials properties. The visible light absorption can be
tuned with the band gap change led by heteroatom doping. Furthermore, new
physical and chemical reactions with the pristine materials can be excited by the
dopant elements or semiconductors, influencing various of material properties.
Morphology control focuses on controlling the surface properties by changing the
morphology of materials, various properties, such as optical, thermodynamical,
electrical, mechanical or chemical properties of materials can be controlled due to
the different exposed reactive sites with different morphologies.

In this thesis, Co-doped ZnS with coral-like microstructure was synthesized by
one-step hydrothermal method, according to XRD, SEM, XPS and UV-Vis DRS
results, Co atoms are successfully doped into the ZnS lattice, and the appropriate
doping of Co atoms does not change the phase structure and morphology of ZnS.
Except for the newly founded hydrothermal synthetic rule in contrast with previous
investigations, the Co-doped ZnS samples show a decreased bad gap value from
3.32 eV to 2.65 eV with the Co/Zn atomic ratio from 0 to 1, which indicates
enhanced absorption of visible light. Furthermore, the doped samples exhibit
fluorescence quenching, which is beneficial to photocatalytic performance. The
optimal doping level of Co was determined to be 5.49 at.% upon photocatalytic
degradation results of the methylene blue under simulated solar light irradiation.
Too much or less Co content produces worse photocatalytical result.

As for the morphology control process, two-dimensional (2D) LaCO3;OH
microplates and three-dimensional (3D) layer-by-layer (LBL) LaCO3;OH were
produced by one-pot hydrothermal method. The different microstructures can be
controlled by simply adjusting the addition volume of carbon disulfide (CS,).
LaCO30OH with different morphologies exhibited different photoluminescence (PL)
intensity owing to their different surface defects. In addition, CuS with different

morphologies (i.e., hollow sphere and flower-like ones), was synthesized by
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hydrothermal method with different addition volume of thiourea in the raw
materials, the two CuS morphologies showed distinguished supercapacitor property.
Notably, the specific capacitance of CuS hollow sphere is about 3 times of the
flower-like CuS. Furthermore, the CuS hollow sphere was moderated with carbon
quantum dots in order to obtain larger capacity. As such, the CuS -5% carbon dots
was determined to be the optimal composition proportion.

The g-C3N4 modified ZnS composites were prepared through a simple one step
calcination process of thiourea and zinc acetate at 600°C in the tube furnace. XRD
and XPS results show the successful composition of the two componenits, indicating
that the two components does not interfere with the synthesis of each other. The
composites were coated on nickel foam and used as electrodes for supercapacitor
tests in 6 M KOH aqueous electrolyte. The composition system exhibited superfine
pseudocapacitance performance in this work with the optimal complex of sample
ZT0.02, i.e., weight ratio of zinc acetate to thiourea at 0.02,

The composites show good supercapacitor performance in specific capacity, rate
capability and cyclic stability. The sample ZT0.02 has specific capacity of 497.1 F
gt at 1 A g’ current density and 345.9 F g * at 10 A g%, exhibiting high rate
capability with the appreciable capacitance retention of 69.5%. The voltage drop of
the optimized electrode is 0.12 V, indicating the small impedance of the electrode.
The ZT0.02 electrode also has excellent cyclic stability with the capacitance
retention of 86% at 2 A g * after 600 charge and discharge cycles and 78% at 5 Ag ™.
The good supercapacitor performance of the system was attributed to the fact that
nickel participated in the electrochemical reaction, when the nickel foam was
substituted by stainless steel, no redox peaks be detected in this testing condition.

Therefore, the g-C3N4/ZnS electrode should be classified as g-C3N4/ZnS/Ni system.

Keywords: Sulfide; C3N4; Morphology control; Photocatalysis; Supercapacitor
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