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Abstract: 
Advances in in situ characterization have enabled increasingly detailed studies of surfaces and interfaces.[1] The oxygen 

incorporation reaction (OIR) is a key process in solid-state electrochemistry and underpins technologies such as solid oxide fuel 
cells, thermochemical water and carbon dioxide splitting, oxygen-transport membranes, and environmental catalysis.[2] 

However, how atomic-scale surface structures regulate OIR remains poorly understood. A longstanding debate concerns the 
role of SrO on perovskite cathodes: it is often considered detrimental, yet recent studies suggest that it may enhance surface 

kinetics. To resolve this controversy, we developed an in situ atomic-layer titration platform for layer-by-layer control and activity 
measurement of (La₀.₅Sr₀.₅)FeO₃−δ thin-film surfaces.[3] We observed a volcano-shaped dependence of OIR activity on SrO 

coverage, with a single SrO layer delivering an activity approximately 30 times higher than that of the FeO₂-terminated surface. 

Microkinetic modelling and first-principles calculations showed that surface termination changes the rate-determining step from 
molecular oxygen dissociation to atomic oxygen incorporation or diffusion. The single SrO layer provides an optimal balance 

among oxygen dissociation, incorporation, and subsurface transport. These results establish a quantitative link between 
catalytic activity and surface atomic structure, offering an atomic-scale strategy for designing oxide electrocatalysts. 
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