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The growing demand for low-cost, highly efficient non-noble-metal electrocatalysts has garnered extensive attention towards perovskite (ABO3) type materials, which can be tuned for their electronic behavior and thus, enhance bifunctional catalytic activity for both oxygen reduction and oxygen evolution reactions through partial substitution of A and/or B sites.1,2 Herein, we report Y/Fe dual-substituted LaNiO3 (LYNF) as a bifunctional electrocatalyst for the rechargeable zinc-air battery. The electrochemical analysis revealed that LYNF exhibits a relatively high discharge capacity of 10477 mAh g-1, stable charge-discharge cycling over 100 cycles, demonstrating its bifunctional activity and reversibility in alkaline electrolyte.3 The in-situ Raman spectroscopy employed for understanding battery operation4 revealed the reversible formation of superoxide intermediates during battery cycling, suggesting that the oxygen vacancies serve as the primary active centers in the double-perovskite. The LYNF system follows an oxygen-vacancy-assisted bidentate pathway for the discharge phase and the corresponding lattice oxygen mechanism (LOM) for the charge phase, during battery operation. Furthermore, density functional theory has been employed in terms of density of states and projected density of states to demonstrate that Y/Fe substitution shifts the electronic states closer to the Fermi level and enhances metal-oxygen covalency, which facilitates charge transfer compared to pristine LaNiO3 and thus, enhances the catalytic activity of the LYNF. This work provides insight into the development of the next-generation reversible zinc-air batteries, via comprehending the underlying mechanism during the battery operation, and opens up new opportunities to explore the perovskites for metal-air battery applications. 
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	Figure. DOS, and PDOS states for LYNF-V0, studied as air-electrode in zinc-air battery operating in 
6 mol.dm-3 potassium hydroxide and 0.2 mol.dm-3 Zn(AC)2.
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