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The rising anthropogenic CO, emissions originating from the combustion of fuels and the chemical industry has been recognized as the main factor for climate change. It is in urgent need to desperately develop a carbon-neutral
approach to attain a sustainable society. Among the viable approaches, the electrochemical CO, reduction reaction (CO,RR) has emerged as one of the promising conversion strategies for converting CO, into carbon-based products and
thereby potentially closing the carbon cycle. To date, numerous design strategies have been deployed to enhance the activity as well as the selectivity. For example, creating grain boundaries, changing the surface morphology, surface
modification, tuning the oxidation state and even introducing other elements can effectively improve the performance toward CO,RR. Despite the huge progress on the activity and selectivity, still, the origin efficiency variations remain in
dispute. To elucidate the enhanced activity of catalysts, most researches rely on theoretical calculations or ex situ characterization techniques. Nonetheless, regardless of successfully explaining the imperative activity through theoretical
calculation, catalysts may undergo structural evolution under working conditions, and thus, it may be misleading since most researches only focus on the structure of catalysts before conducting the reaction processes. On the other hand,
ex situ characterization on the pre- and postcatalysts of the reaction are frequently-adopted method to explicate catalytic behaviors. Yet, possible contamination may affect the results during the chamber-to-chamber transportation. It
would therefore be desirable to investigate the structure of catalysts during the reaction. To this end, applying in situ techniques are imperative to identify the real active sites for unraveling true catalytic mechanisms. To ascertain a
dynamic transformation during CO,RR, we investigated the phase-separate bimetallic catalyst (Ag@CuO,-X) by using in situ techniques. The results reveal that the stabilized valence state of Cu governs the selectivity toward CO,RR
products. In our another research, the bimetallic CuAg catalyst exhibits atomic interdiffusion process for facilitating CuAg alloy formation during CO,RR, leading to high methane production. Based on our researches, it evidently reveal that
in situ manners are imperative to establish the interplay between different atomic species in bimetallic catalysts and provide deeper insight for designing promising modulations for efficient CO,RR electrocatalysts.
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