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At present, hydrogen is an attractive energy source as a clean, cheap, renewable and a
convenient alternative to fossil fuels. It is a feasible long-term solution for the global energy
and environmental crises. Photocatalyst-assisted splitting of water is considered as an ideal

method for large-scale hydrogen production, as it can use solar energy sustainably -and

efficiently. To date, various photocatalysts have been explored for photocatalytic H, evolution.

However, materials with appropriate efficiency and adequate stability are still unavailable,
and their development is considered a major challenge in photocatalysis research. In this
thesis, I mostly concerned on the development of visible light active photocatalytic materials
using different approaches for H, evolution from water splitting. The syntheses process,
crystal structures, electrical properties, and optical absorbance spectra have also been
investigated.

Firstly, for modifying the UV-reactive photocatalysts to achieve the visible light activities,
I developed several simple lamellar solid acid photocatalysts with visible light-responsive
photocatalytic activity. Lamellar solid acids with their structure consisting of stacked sheets,
represent an interesting opportunity for developing new photocatalyst materials. By using a
facile method with urea as the nitrogen precursor, two lamellar solid acids, namely, HNb;Og
and H,Ti4Oy, have been doped with nitrogen for visible-light photocatalysis. For HNb3Og
material, I further developed this study by preparing the HNb;Og photocatalyst with special
one-dimensional (1D) morphology, belt-like HNb;Ojg photocatalyst. With the special nanoblet
morphology, the photocatalytic activity show quite different from the normal powder samples.
For H,Ti4Oy, I purposely investigated with detail the effects of silica pillaring on its
physico-chemical properties and photocatalytic activity for hydrogen evolution under visible
light irradiation. The current study enables a better understanding about the photocatalytic
behavior of lamellar solid acids and provides a feasible method to modify the UV-type solid
acids for visible light photocatalysis.

Secondly, I prepared Nitrogen-doped tantalic acid (H,Ta,0¢) using urea as the nitrogen
source. After N-doping, I found CN polymers sensitized N-doped tantalic acid was prepared
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by this method. This new kind of CN polymers sensitized N-doped tantalic acid showed dual
effect on photocatalytic activity for hydrogen evolution. Bothe nitrogen doping and polymer
sensitization influenced the properties of the original tantalic acid (H,Ta,O¢). The absorption
ability of tantalic acid was largely expanded to the visible light region. The CN polymers
sensitized N-doped tantalic acid showed a remarkable photocatalytic activity for hydrogen
evolution. This successful modification of tantalic acid by urea pyrogenation would provide
some valuable information for other tantalates.

At last, I try to use graphitic carbon nitride (g-C;N4) as a new metal-free polymeric
photocatalyst for hydrogen production. This polymeric g-C;N, material has great potential
and promising performance for large scale H, production. Because of the appropriate
electronic band structure, nonmetallic g-C3sN4 achieves the same function as conventional
metal-based photocatalysts for H, evolution from water. Consequently, doping with metals
should be a feasible method of designing new organic-metal hybrid materials based on the
special structure of g-C;N,. Metal doping should alter the photochemical properties of g-C;Nj,
in particular, reduce the bandgap energy and expand light absorption into the visible range.
Here, 1 also purposely developed a simple soft-chemical method to modify appropriate
amount of zinc into the framework of g-C3Ny (Zn/g-C3N,). All these advantages possessed by
Zn/g-CsN, hybrids suggest that they could be a desirable photocatalyst with higher
photacatalytic activities for H, evolution from water under visible light.

All T did in this thesis is to find some new approaches to improve the photocatalytic
activity for hydrogen evolution, especially, under visible light irradiation. These layered
materials also show great potential for H, evolution from water. Although the results are still
preliminary, and the efficiency and stability still need to improve, this study presents
important information related to the design of more functional materials for use in advanced

photocatalytic applications.
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