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Abstract 

Nanomaterials have attracted enormous attention due to their interesting properties and applications 

in diverse areas, including photo(electro)catalysis, nanoelectronics, and integrated catalysis. Core–

shell nanostructures with conducive and versatile compositions and structures are highly desirable in 

certain applications as they are task–specific nanomaterials with multifunctional capabilities. 

Moreover, nanomaterials with synergetic properties between the core and the shell have become a 

very important class for emerging applications, such as enhanced optical devices, tailored magnetic 

materials, energy storage materials, fuel cell, dye sensitized solar cells and many important catalytic 

reactions. The use of advanced architectures, including porous core-shell and multi-shelled hollow 

micro/nanostructures, at the nanoscale has been shown to have a positive effect, enhancing 

photocatalytic efficiency. Over recent years, a great deal of effort has been dedicated to reducing 

anthropogenic CO2 concentrations. Amongst the many strategies considered for this purpose, 

photocatalytic conversion of CO2 and H2O is regarded as one of the most promising solutions, since 

it not only utilises CO2, but also generates value added chemicals, such as CO and other hydrocarbons. 

However, the low selectivity and conversion efficiency of CO2 photoreduction renders the process 

currently unviable for commercialisation. To improve the selectivity and conversion efficiency of CO2 

conversion into valuable chemicals using the intermittence energy, specifically solar energy, I 

proposed the use of advanced nanostructured core-shell, including hollow core multi-shell, porous 

core hollow shell and drupelet core-shell, synthesized using the versatile solvothermal approach. State-
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 of-the-art characterisation techniques, including in situ and operando analysis, evidenced that the 

performance of the synthetised materials strongly related to the nanostructures created. The uniqueness 

of the advanced core-shell structures has shown the advantages on the interfacial formation between 

the core and the shell leading to effective heterojunctions formed between the p- and n-type 

semiconductors. As a result, the synthesized materials can hinder the recombination of photogenerated 

electron-hole pairs, and thereby, enhancing photocatalytic reduction of CO2 [1]. Furthermore, the 

introduction of oxygen vacancy has revealed a significant enhancement in the visible light response, 

thus improving the electronic properties of the semiconducting materials and promoting the 

photoreduction of CO2 [2]. Other nanostructures, including porous nanorods and flower-like nano-

spheres, have also been synthesized for CO2 photoreduction. To gain insight in this coupled 

physical/chemical processes and to optimise the conversion efficiency, parametric simulations (i.e., 

CO2 gas flow, humidity, and light intensity) were performed, and it was concluded that humidity plays 

a significant role in improving the performance of CO2 photoreduction [3]. 
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