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Abstract

Artificial photosynthesis offers an attractive route for converting CO, into energy-rich
solar fuels while simultaneously mitigating greenhouse gas emissions. This study deals
with gas-phase CO, photoreduction with water vapor as the proton source under visible
(A > 400 nm) and simulated solar irradiation. Among the various photocatalytic systems
investigated, TiO, remains one of the most robust and widely studied semiconductors,
although its wide band gap and charge-carrier recombination considerably limit its
efficiency under solar irradiation. In this work, Pt-Cu/TiO, photocatalysts were rationally
designed to exploit the complementary properties of Pt and Cu, combining efficient
electron trapping, plasmon-assisted visible-light absorption and enhanced -catalytic
activity toward CO, reduction.

The influence of metal composition, oxidation state and metal-support interaction on the
physicochemical properties and photocatalytic performances was systematically
investigated. Comprehensive complementary characterization provided detailed
information on nanoparticle morphology, electronic structure and surface chemistry. The
optimized Pt-Cu/TiO, photocatalysts exhibited markedly improved methane production
compared with monometallic analogues, demonstrating the beneficial synergy between Pt
and Cu. The enhanced activity is attributed to improved light harvesting through
plasmonic effects, efficient charge separation at the metal-semiconductor interface and
optimized CO, activation on the catalyst surface. In-situ and operando spectroscopic
investigations, in collaboration with IFPEN, enabled the identification of key reaction
intermediates and active surface species, leading to the proposal of a comprehensive
reaction mechanism that correlates catalyst structure, electronic properties and
photocatalytic performance.

This work provides new insights into the design principles of plasmon-assisted bimetallic
photocatalysts and highlights the crucial role of interfacial engineering for improving the
efficiency and selectivity of solar-driven CO, conversion into methane.
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