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Abstract

As global energy demands escalate, the resultant rise in greenhouse gas emissions, particularly
carbon dioxide (CO2), has galvanized the scientific community to seek sustainable alternatives to
fossil fuels. A promising research direction is the photocatalytic reduction of CO2 to produce solar
fuels, offering a dual benefit: carbon sequestration and solar energy storage in high-energy-density
fuels. Photocatalytic CO2 reduction suffers from challenges such as low utilization of low-
frequency spectrum of sunlight, high charge recombination rates and lack of understanding of
reaction mechanisms. The effectiveness of this process relies heavily on the design of
photocatalysts, which are crucial for efficiently harnessing solar energy for CO:2 reduction. This
thesis presents a methodical approach to photocatalyst development, emphasizing the synthesis of
materials with specific properties that enhance photon interaction, charge relaxation, and reaction
activation potential, thereby boosting CO2 conversion into solar fuels. Our research tackles two
main challenges in photocatalysis: low light-utilization efficiency and charge recombination
losses. We employ principles of rational design, such as heterojunctions (MoS2-Cu20) to reduce
charge recombination and improve redox potential, transition metal doping (M-TiO2) to
understand the effect of metal doping on governing the selectivity of products and investigating
metastable states of Melon carbon nitride using computational and experimental approaches and
role of conformations on the photocatalytic activity. In-situ IR measurements and density
functional theory calculations were used to dissect the photocatalytic reaction mechanism,
identifying crucial design factors that predominantly influence a system's activity. By analysing
charge relaxation and reaction rates, we propose a reaction kinetics model that accounts for charge
carriers concentration and elucidates the impact of various design elements at the elementary
reaction level. This model guides the molecular-level strategic modifications of photocatalysts,

paving the way for more efficient solar fuel production.
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