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The electrochemical reduction of CO, provides a promising route for the sustainable production of
value-added chemicals and fuels. However, developing cost-effective and efficient electrocatalysts
with high selectivity for a specific product remains a major challenge. Different families of
electrocatalytic materials designed to selectively promote the formation of specific CO,RR products,
including metal oxides, metal sulfides, and bimetallic systems, will be introduced.

Among these materials, CuOyx and Ag—Cu bimetallic catalysts exhibited promising selectivity toward
ethylene production, an important industrial building block widely used in plastics manufacturing. Our
results demonstrate that the initial oxidation state of Cu plays a key role in determining ethylene
selectivity. Furthermore, the incorporation of Ag can enhance ethylene selectivity when an optimal
Ag content is employed. To gain deeper insight into the structure—performance relationships of these
catalysts under operating conditions, operando X-ray absorption spectroscopy (XAS) measurements
were performed, enabling us to correlate the evolution of the catalyst structure with its
electrocatalytic performance.

Bismuth- and tin-based catalysts such as Bi;S3 and Cu-Sn nanomaterials showed excellent selectivity
for formate/formic acid production in alkaline and acidic media in a flow cell [1-2]. The outstanding
CO3RR performance was further demonstrated in a three-compartment electrolyzer containing a
solid-state electrolyte (SSE) layer, which enables the production of pure formic acid solution. In
addition, the synthesis route was successfully scaled up, enabling catalyst production to increase from
the milligram to the gram scale. Combining excellent CO2RR performance and the low-cost, scalable
production of the catalysts, this approach shows strong potential for future industrial implementation.
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