7th Commonwealth Chemistry Posters

{ o t o f Plasmon-Driven CO2 Reduction via Hot-Electron Relay in Trimetallic Antenna-Reactor Catalysts: Mechanistic Insights and Vs

Reactor Design Principles @ Eﬁemrmgtr:‘{/veq Ith

: : Rohit Bansal, Charvi Singhvi, Vivek Polshettiwar* Federation of Chemical Sciences Societies
CIET YT AT H¥T Department of Chemical Sciences, Tata Institute of Fundamental Research (TIFR), Mumbai, 400005, India

ABSTRACT and INTRODUCTION

The catalytic hydrogenation of CO, to CO via the reverse water-gas shift reaction provides a critical pathway for carbon valorisation, but conventional thermal methods face severe kinetic barriers. To bypass these limitations, we integrated a synergistic trimetallic active phase onto
broadband-absorbing dendritic plasmonic colloidosomes (DPC-NiCoCu) to maximise visible-to-near-infrared light harvesting and promote intra-metallic electronic coupling. This architectural design achieves an exceptional CO production rate of 113 mmol g™ h™ with 100% selectivity.
By coupling light-intensity-dependent kinetics with operando synchrotron HERFD-XANES and transient absorption spectroscopy, we demonstrate that copper acts as a conductive relay, directing hot electrons from the gold scaffold to the active nickel and cobalt centres. This
directional routing induces a photon-flux-dependent mechanistic switch: at moderate flux, hot-electron injection increases the active site population to accelerate the rate without altering the thermal activation barrier, whereas high flux drives direct electron transfer into CO, antibonding

orbitals, cutting the activation energy in half. Concurrently, in situ DRIFTS confirms that plasmon-induced desorption prevents surface poisoning, while a vertical temperature gradient across the catalyst bed promotes thermophoretic product removal, establishing a unified framework

that links ultrafast hot-electron dynamics directly with reactor-scale transport.

SYNTHESIS AND CHARACTERISATION CATALYSIS PERFORMANCE and CHARGE TRANSFER DYNAMICS TRIMETALLIC COOPERATIVITY
a KINETIC ANALYSIS AT THE ACTIVE SITES
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* DPC-NiCoCu achieves 113 mmol g™ h™ CO production with 100% selectivity under ambient pressure without « Ultrafast TAS and in situ HERFD-XANES confirm efficient plasmon-induced charge transfer from Au to the trimetallic \_ ' L : | _ o = NE=R _
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L L N9 L s : active sites. L b L . L conditions. (a) DRIFTS spectra under light illumination for pure CO2 (bottom) and CO2 + H2 mixture
* Light-intensity-dependent kinetics reveal two distinct regimes: - A Cu-mediated charge relay creates electron-rich Ni and Co centres that enhance CO, activation. 2200 2000 1800 1600 1400 1200 2200 2000 1800 1600 1400 1200 40 )" PRIETS spectra 'aner thermal gonditions (250 oc)ljcor pure CO2 flow (bottom) and CO2 + H2
o Moderate flux: Hot electrons activate additional surface sites. * In situ DRIFTS shows hot-carrier-assisted CO desorption, suppressing catalyst poisoning and improving stability. Wavenumber (cm™) Wavenumber (cm™) mixture (top). (c) Proposed schematic mechanism for CO2 reduction on DPC-NiCoCu

o High flux: Direct hot-electron transfer lowers the activation barrier and changes the reaction pathway. « This work provides a blueprint for designing high-performance plasmonic photoreactors for solar-to-fuel conversion.
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