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ABSTRACT

This study presents a novel supramolecular-assisted eutectic synthesis approach for
developing carbon nitride (CN) materials tailored for photon-assisted CO2
reduction. Melamine cyanurate was used as a precursor with nickel incorporation
through NiCI2-CsCl and NiCI2-KCI eutectic salt mixtures to synthesize Ni-
incorporated CN frameworks (gCN-NiCs and gCN-NiK). The materials were
characterized using XRD, XPS, nitrogen adsorption-desorption, and UV-vis
spectroscopy. Results revealed significant structural modifications upon Ni
incorporation, including alterations in surface area, pore characteristics, and
electronic properties. Photon-assisted CO2 reduction experiments demonstrated
superior performance of Ni-incorporated materials compared to bulk g-CN, with
gCN- NiCs exhibiting the highest yield for methane and methanol production.
Detailed mechanistic insights into the CO2 reduction process were proposed,
considering both direct and indirect pathways. Band structures constructed using
valence band XPS and diffuse reflectance spectroscopy data provided crucial
understanding of charge transfer processes. The gCN-NiCs catalyst showed optimal
band edge positions, higher C values, NSC% and greater DP/SA ratios, explaining
its superior catalytic activity. This work introduces a novel synthesis approach for
tailoring CN materials and offers valuable insights into designing efficient photon-
assisted CO2 reduction catalysts. The findings underscore the potential of
supramolecular-assisted eutectic synthesis in developing advanced materials for
solar fuel production, contributing significantly to sustainable energy conversion
technologies.
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Note: DP/SA and NSC% are new proposed metrics introduced in the work to assess
the incident photon- structure-property-performance relationships which are
respectively called D-parameter/surface area and normalised surface concentration
of the surface functionalities.
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