Operando Investigations of OER as the Counter Reaction in Water-tolerant Li-mediated Ammonia Synthesis
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Non-aqueous lithium-mediated electrochemical nitrogen reduction (Li-NRR) is currently the only electrochemical ammonia synthesis pathway capable of achieving commercially relevant production rates and Faradaic efficiencies under ambient conditions.1,2 However, the best-performing systems reported to date rely on hydrogen oxidation at the anode to supply protons for N₂ reduction. Replacing this approach with water oxidation would significantly improve the practicality of Li-NRR by enabling ammonia synthesis from only N₂ and H₂O feedstocks. Despite this potential, water is generally excluded from Li-NRR electrolytes because it promotes hydrogen evolution and deactivates deposited lithium.3,4 

Recently published studies have demonstrated that water oxidation can be coupled to Li-NRR in membrane-separated two-compartment cells, highlighting a potential pathway towards water-fed ammonia synthesis.5,6 Nevertheless, such systems introduce losses in energy efficiency associated with ion transport across the separator. In recent work submitted for publication, our group has demonstrated a water-tolerant Li-NRR cathode reaction capable of utilizing small concentrations of water as the ultimate proton source for ammonia synthesis, and further preliminary results demonstrate successful coupling of N₂ reduction and water oxidation within a single electrolyte environment in short-term studies. Realising a practical system now requires the optimisation and scaling of a compatible anodic water oxidation reaction to match the current densities achievable at the cathode in long-term operation. While the oxygen evolution reaction (OER) is among the most extensively studied reactions in electrochemistry, its behaviour in predominantly organic electrolytes remains poorly understood. 

Here, we investigate anodic processes in water-containing Li-NRR electrolytes using operando surface-enhanced infrared absorption spectroscopy (SEIRAS). Preliminary electrochemical studies indicate that water oxidation can occur under Li-NRR-relevant conditions, motivating a systematic investigation of the factors governing anodic performance. Unlike conventional aqueous OER, water in the Li-NRR electrolyte is present as a minor component and likely exists predominantly in the solvation shell of Li ions. Therefore, the local chemical environment of water in this system differs dramatically from aqueous systems, potentially leading to distinct reaction pathways and kinetic limitations. We examine the influence of electrolyte composition, water concentration (<0.1 M), and electrode material on OER activity and selectivity, while simultaneously probing competing reaction pathways such as solvent oxidation. In particular, we focus on identifying catalyst poisoning and changes in the local environment of water molecules at the electrode interface. We aim to establish design principles for suppressing parasitic oxidation reactions and promoting selective water oxidation in non-aqueous media.
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