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   Abstract (12pt, Regular, Justified alignment, line spacing:1.15)
In general, catalysts for reduction are unstable in the presence of air. A plasmonic reduction catalyst that is stable only in air has been described in this work. A highly active, selective and particularly air-stable plasmonic reduction catalyst for acetylene semi-hydrogenation was developed by loading Pt-doped Ru nanoparticles1 on 'dendritic plasmonic colloidosomes (DPC)', also known as black gold2. With over 90% selectivity and ethene productivity of 320 mmol g-1 h-1 of ethene, the DPC/RuPt catalyst outperformed nearly all previously reported catalysts. The critical role of co-existing metal oxide and metal phase was evidenced by high catalytic activity and long-term stability for at least 100 h, which could only be achieved by providing continuous airflow along with the reactant feed.3 Plasmon-mediated simultaneous reduction and oxidation of the active site during the reaction were responsible for the unprecedented stability of the catalyst which was demonstrated by various spectroscopic analyses (XPS, EXAFS, and XANES). FDTD simulations showed a five-fold enhancement in the electric field as compared to pristine DPC due to the near-field coupling between the RuPt nanoparticles and DPC. The KIE measured in light was larger than in the dark at all temperatures, implying the contribution from the non-thermal effects along with the photothermal activation of the reactants as a result of plasmonic activation.4,5 In-situ FTIR studies provided insight into the molecular reaction mechanism over the oxide surface and highlighted the role of the intermediates in determining selectivity. The integration of advanced spectroscopic techniques and simulations provided deep insights into the catalyst's behavior and mechanism, showcasing its potential for practical applications in sustainable catalysis.
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