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            Abstract
Electrochemical reduction of CO2 to chemical fuel offers a promising strategy for managing the global carbon balance, but presents challenges for chemistry due to the lack of effective electrocatalyst. Here we report atomically dispersed nickel on nitrogenated graphene as an efficient and durable electrocatalyst for CO2 reduction. Based on operando X-ray absorption and photoelectron spectroscopy measurements, the monovalent Ni(i) atomic center with a d9 electronic configuration was identified as the catalytically active site. The single-Ni-atom catalyst exhibits high intrinsic CO2 reduction activity, reaching a specific current of 350â€‰Aâ€‰gcatalystâˆ’1 and turnover frequency of 14,800â€‰hâˆ’1 at a mild overpotential of 0.61â€‰V for CO conversion with 97% Faradaic efficiency. The catalyst maintained 98% of its initial activity after 100â€‰h of continuous reaction at CO formation current densities as high as 22â€‰mAâ€‰cmâˆ’2.
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                    Fig. 1: Structural characterization of single nickel atoms dispersed on nitrogenated graphene.[image: ]


Fig. 2: Electronic states of Ni atom in the single-Ni-atom catalysts.[image: ]


Fig. 3: CO2 reduction in aqueous solution.[image: ]


Fig. 4: Operando X-ray absorption spectroscopy and photoelectron spectroscopy.[image: ]
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