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The solid electrolyte interphase (SEI) is a critical component of lithium-ion batteries, strongly influencing capacity fading, safety, rate capability, and cycle life. In fact, the formation of a robust SEI is what enables stable cycling of lithium-ion batteries in the first place. It forms during the initial charging cycles through electrochemical and chemical reactions between the negative electrode and the electrolyte.1 The SEI structure is commonly described either by a multilayer model2 or by a mosaic-like structure3 and consists of a complex mixture of inorganic and organic decomposition products.4
Despite decades of research, the formation mechanisms and composition of the SEI remain incompletely understood due to its chemical and structural complexity as well as its extreme sensitivity toward air and moisture. Conventional ex-situ characterization techniques are therefore often insufficient to probe the native SEI, as common sample preparation steps such as washing, transfer, and air exposure can significantly alter or degrade the interphase.5
Here, we present a lab-based in-situ near-ambient pressure electrochemical X-ray photoelectron spectroscopy (EC-XPS) approach6 to investigate the SEI formation on a copper substrate during electrochemical lithium plating in 1 M LiPF₆ propylene carbonate electrolyte. A custom-designed electrochemical cell maintains a stable ultrathin electrolyte film, enabling continuous measurements at the same analysis spot throughout the entire potential range of the initial SEI formation and lithium plating processes. This methodology provides potential- and time-resolved insight into the evolving interphase chemistry during lithium deposition under operando-relevant conditions, enabling direct correlation between the electrochemical state and the interfacial composition.
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