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Solid electrolyte interphase (SEI), a passivation layer formed on the anode surface via reductive
decomposition of electrolytes during initial charging, plays a critical role in stabilizing the cycle
performance of batteries. Despite its importance, the intricate structure of the SEI and its correlation
with physicochemical properties remain poorly understood. We have recently proposed a novel
strategy for SEI structural engineering, termed “Domino-Decomposition Design”, which enables the
selective formation of specific decomposition products at targeted reductive potentials through the
chemical modification of imidazolium (Im)-based ionic liquids.! This selectivity is achieved by
introducing electron-withdrawing substituents (e.g., fluoro, cyano, and allyl groups) and lengths of
allyl chains linking them to the Im ring.

Systematic molecular design of ionic liquids offers a versatile platform for tailoring the structure
and properties of complex SEI, thereby facilitating the rational design of “ideal” SEI for
next-generation batteries. While previous studies have primarily focused on model gold electrodes,
the present study targets the SEI layer formed directly on lithium (Li) metal anodes via chemical and
electrochemical decomposition processes. By employing a series of chemically tailored cationic and
anionic structures of ionic liquids, we aim to identify the key factors governing SEI formation using
in-situ techniques such as atomic force microscopy (AFM) and X-ray photoelectron spectroscopy
(XPS), developed in our laboratory.
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