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The establishment of guiding principles for electrocatalytic activity and the identification of active sites at transition metal oxide (TMO) electrodes remain formidable challenges. Compared to noble metals, the preparation of single-crystal electrodes with well-defined orientations is significantly more complex for TMOs containing three or more cations. Fundamentally, these materials often exhibit narrow d-bands and metal–insulator transitions associated with strong electron correlation.

To rationalise activity trends in oxygen reduction (ORR) and oxygen evolution reactions (OER), scaling relations are frequently invoked, assuming that the binding energies of reaction intermediates can be described independently of the oxide’s electronic configuration [1,2]. Alternative approaches have proposed correlations between catalytic activity and descriptors such as d-orbital occupancy, oxygen 1s band centre, metal–oxygen covalency, and oxygen vacancy density derived from ex situ measurements or first-principles calculations [3–5]. However, these descriptors fail to capture critical interfacial phenomena under operating conditions, including changes in orbital occupancy [6–11], surface reconstruction [9,12], and dynamic variations in the local coordination of active sites [13].

In this contribution, I demonstrate that potential-driven changes in d-orbital population in TMO particles are key determinants of electrocatalytic activity for both ORR and OER. New data on Mn-based perovskites with A-site cations Ca²⁺, La³⁺, Nd³⁺, Y³⁺, and Lu³⁺ reveal that Mn coordination induces the emergence of d-states near 1 V vs. RHE, which strongly governs ORR activity under alkaline conditions. In addition, composition-dependent trends in LaₓSr₁₋ₓCoO₃ and LaₓNd₁₋ₓCoO₃ for the OER show a direct correlation between activity and d-orbital population. Finally, the implications of these findings for reaction mechanisms and the nature of active sites in complex TMOs are discussed.
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