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Abstract: 

Electrochemical processes powered by renewable energy offer promising pathways for sustainable chemical production from abundant 
feedstocks such as carbon dioxide and nitrogen. However, achieving high selectivity, activity, and stability remains challenging, in part 
because catalyst–electrolyte interfaces are inherently dynamic. Catalyst structure, surface composition, adsorbates, and interphases 
can continuously evolve under reaction conditions, making their characterization and control essential for directing reactivity [1]. 
 
In this talk, I will discuss how operando spectroscopy can reveal these dynamic working states and guide strategies to control them. For 
CO2 reduction on Cu-based catalysts, time-resolved operando Raman and X-ray absorption spectroscopy reveal relationships between 
catalyst composition, adsorbed intermediates, and multicarbon product formation [2-5]. Furthermore, potential pulsing provides a 
means to deliberately manipulate interfacial states and steer selectivity toward products such as ethanol. I will then extend this concept 
to lithium-mediated nitrogen reduction, where operando Raman spectroscopy reveals the evolution of the solid-electrolyte interphase 
and its role in controlling nitrogen activation and competing hydrogen evolution [6-7]. 
 
Building on these insights, I will introduce emerging research directions from our group toward the design of dynamically controlled and 
hybrid catalytic interfaces for selective electrosynthesis. By integrating catalyst and electrolyte design with time-dependent 
electrochemical operation and operando molecular characterization, we aim to control reaction sequences and enable increasingly 
complex transformations, including the formation of new carbon–carbon and carbon–heteroatom bonds from abundant molecular 
feedstocks. 
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