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Abstract 

Electrochemical energy conversion and storage processes, such as water splitting and Li-ion 
intercalation in batteries, rely on complex interfacial reactions that govern both eƯiciency and stability. 
At these interfaces, activity and stability are often closely linked because they are controlled by the 
same material properties, making it necessary to balance the two when identifying optimal materials 
for these applications. Understanding the underlying reaction mechanisms at the atomic level is 
essential for designing sustainable and long-lasting electrochemical interfaces with improved activity. 
However, electrochemical interfaces are diƯicult to probe because of their limited accessibility and 
the complexity of the phenomena occurring simultaneously. 

This talk will show how first-principles calculations, combined with experimental techniques, can 
unambiguously reveal the reaction mechanisms of interfacial electrochemical processes. We will 
illustrate how this combined approach enabled the discovery of unconventional reaction 
mechanisms in oxygen evolution electrocatalysis on oxides. In a second example, we will discuss how 
the chemical reactivity at the oxide-electrolyte interface in Li-ion batteries strongly depends on the 
oxide composition, identifying design strategies to prevent parasitic reactions. These results highlight 
the critical role of the oxide electronic structure, and particularly the position of the oxygen states, in 
determining surface reactivity and, consequently, electrochemical performance. 
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