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Ammonia (NH3s) is essential for global food security and is gaining momentum as a carbon-free
energy carrier due to its high energy density (4.32 kWh L™ for liquid NH3) and ease of storage and
transport. However, current NH3) production via the Haber—Bosch process accounts for ~2% of
global CO, emissions and relies heavily on fossil fuels. This has triggered growing interest in
decentralized and renewable-powered alternatives such as the lithium-mediated nitrogen reduction
reaction (Li-NRR), a process conceptually inspired by Li—air battery chemistry. A central aspect shared
by both technologies is the formation of a solid—electrolyte interphase (SEl), a passivating layer
formed at the interface between the deposited Li° and the electrolyte. In Li-NRR, the SEI plays a
crucial role in enabling Li° stabilization, promoting N activation, and suppressing parasitic reactions
such as hydrogen evolution. Its composition and structure are highly sensitive to the electrolyte
formulation (e.g., Li salt, solvent, additives) and applied electrochemical conditions. Despite recent
progress, the lack of mechanistic understanding of SEl formation and evolution remains a major
bottleneck for the reproducibility, efficiency, and scalability of Li-NRR systems. Advanced ex situ and
in situ characterization techniques are essential to elucidate SEl properties, identify favorable
species for N2 reduction, and establish correlations between SEI chemistry and NH3 production rates.
A rational design of the SEI through electrolyte engineering and operating protocol optimization
represents a key strategy to overcome current limitations and advance Li-NRR towards practical
application.



