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Mechanisms of CO; reduction followed by reaction with methanethiol on partially
electroreduced nickel sulfide
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Deep sea hydrothermal vent, where reductive hot water is gushing out through chimney
made of conductive sulfide minerals into oxidative seawater, generates geoelectrochemical
potential on the minerals. The vent attracts attention in studies of origin-of-life and carbon cycle
because of possible CO, electroreduction and further electrosynthesis. We previously showed
partially electroreduced nickel sulfide (r-Ni3S») as an electrochemical catalyst that reduces CO,
to CO, followed by reaction with methanethiol to give methyl thioacetate, an analogue of
metabolite.!'! However, its surface structure as well as the reaction mechanisms remained
unknown. Here we estimated surface structure of r-Ni3S, by electron microscopy and first-
principle calculation, and provided evidence for CO. electroreduction. The required
potential/pH of calculated amorphous-like r-Ni3S; was in accordance with experimental results,
and CO; reduction was revealed to proceed on a localized low-valent nickel cluster (Fig).
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