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Zinc Germanium Oxide-Based Porous Materials:
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As photocatalysis is a surface-related reaction, the surface status of materials is important in
controlling the photocatalytic reactivity. Porous materials, due to their unique structure
characteristics such as high surface area and strong adsorption, have attracted extensive
attention in photocatalysis. Among the reported photocatalysts, zinc germanium oxide-based
materials such as Zn,GeQ,, zinc germanium oxynitride, and Ag,ZnGeO, showed remarkable
activity in photocatalytic degradation of pollutants and CO, photoreduction owning to their
unique band structures. However, these materials with porous structures are difficult to be

. synthesized by traditional methods. New strategies for synthesizing porous zinc germanium
oxide-based photocatalysts are of great significance.

This dissertation is exploring novel synthetic approaches of element substitutions to
synthesize porous zinc germanium oxide-based photocatalysts without additional templates
and surfactants. To achieve the purpose, three synthetic strategies are developed:
ions-exchange synthesis of the mesoporous Zn,GeOy, nitridation-synthesis of the mesoporous
zinc germanium oxynitride, and aqueous ions-exchange synthesis of the hierarchical
Ag,7nGeO, with hollow structure. These fabrications have demonstrated that the approaches
base on simple element substitutions can be applied to generate porous structures. Through
properly adjusting the synthetic conditions, the fabricated porous photocatalysts showed
enhanced activity in photocatalysis. This study provides useful information for synthesizing
porous structures of semiconductors and will advance the development of photocatalytic

materials. The detailed research work for each part is introduced as follows:
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Firstly, the Zn,GeO4 material was synthesized by ions-exchange between colloidal
Na,GeO; hydrates and Zn** at room temperate. The decrease of zeta potential for the colloidal
suspension in the ions-exchange caused the assembly of Zn,GeOj, thin particles and finally
formed the mesoporous structure. The CO;, photoreduction and photocatalytic IPA
degradation over the Zn,GeO, mesoporous structure were evaluated, which achieved
enhanced photocatalytic properties.

Secondly, in order to make the photocatalyst respond to visible light, the mesoporous
zinc germanium oxynitride was generated by nitridation of mesoporous Zn,GeO, precursor
under NH; gas flow. Though adjusting synthetic condition, the fabricated mesoporous
photocatalyst showed enhanced activities both in IPA degradation and CO, photoreduction in
comparison with the zinc germanium oxynitride prepared by traditional solid state reaction
route.

Thirdly, visible-light-responsive hierarchical Ag,ZnGeQ, hollow structures were
fabricated by ions-exchange between amorphous precursor of Zn,GeO4 and Ag’ in aqueous
solution. The Ag,ZnGeO, hollow structure was composed of orderly assembled nanocrystals,
which were generated from the ions-exchange and Ostwald ripening effect. The Ag,ZnGeQ,

hollow spheres showed enhanced photocatalytic activity in degradation of organic dye.
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