Functionalized Ni single-atom catalysts on UiO-66 MOFs for efficient photo-electro-catalytic remediation of pharmaceutical contaminants and CO₂ reduction
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Abstract: The persistence of pharmaceutical contaminants and the rapid increase in anthropogenic CO₂ emissions necessitate advanced multifunctional remediation strategies. Using a solvothermal-reduction method, Ni single-atom catalysts anchored on UiO-66 (Ni-SAC/UiO-66) were synthesised in this work and characterised systematically using HR-TEM-HAADF STEM + EDS, PXRD, FTIR, XPS, BET, PL, and UV-Vis analyses. It was confirmed that fundamentally dispersed Ni could be incorporated into the UiO-66 framework, offering a large number of active sites, enhanced charge separation and enhanced capture of visible light by suppressing electron-hole recombination. The hybrid catalyst performed better than each of the components to achieve over 91% ampicillin degradation in 120 minutes under visible light irradiation. Studies using reactive oxygen species trapping showed that the primary oxidative species leading to the degradation had been photogenerated holes (h⁺). Additionally, through facilitating the photoreduction of CO₂ into hydrocarbons, the material demonstrated strong potential for sustainable chemical conversion. Its continuous applicability has been proven by the photocatalyst's exceptional durability and reusability over several cycles. Ni-SAC/UiO-66 is a promising multifunctional photocatalyst for sustainable applications because it can simultaneously combat environmental pollution through solar-driven degradation and enable resource valorisation through CO₂ conversion.
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