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Abstract: Carbon dioxide electro-reduction (CO2ER) is a hot research topic of 

worldwide interest. To close the carbon loop, it is crucial to develop advanced "carbon 

utilization" technologies, among which CO2ER is one the most promising techniques. 

Existing catalysts have low catalytic activity and poor selectivity and are not suitable for 

large-scale industrial applications. The development of high-performance catalysts requires a 

systematic and comprehensive understanding of the reaction mechanism of CO2ER. 

Atomic-level-based multi-scale simulations provide a powerful tool to understand the CO2ER 

microscopic mechanism. This presentation will report on the following four aspects: (a) 

Progress in the development of electrochemical theoretical methods,1 with particular focus on 

the application of explicit solvent models2 and constant voltage simulations3 to CO2ER; (b) 

Development of CO2ER reaction models and spectroscopic predictions; and (c) Progress in 

the application and theoretical studies of advanced nanomaterials4 and functional materials5 

in CO2ER. The insights from theoretical simulations pave a sound foundation for the rational 

design of catalytic materials. Theoretical simulations and experiments are mutually validated 

and complementary to each other, which is the general trend to accelerate materials 

development. 
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