Probing the heterogeneous solid–electrolyte interphases (SEI) in lithium metal batteries
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The stability of the electrode/electrolyte interphases (SEI) remains a fundamental challenge in the development of high-energy lithium metal batteries (LMBs) and all-solid-state batteries (ASSBs). In this study, we employ solid-state NMR (ssNMR) in conjunction with synchrotron X-ray diffraction (XRD) and cryo-electron microscopy (cryo-EM) to probe the microscopic structural features of LiF within the SEI. Our findings reveal a pronounced atomic-scale heterogeneity, where LiF primarily exists as a LiF-LiH limited solid solution. Notably, in electrolyte systems exhibiting high Coulombic efficiency (CE), the hydrogen-rich phases are found to be predominant1. Furthermore, we extend these mechanistic insights to practical battery configurations. Through quantitative analysis of 450 Wh/kg anode-free pouch cells, we identify that the elastic deformation capability of the SEI is a more decisive factor for cycling stability than previously assumed2. Utilizing in-situ NMR, we further elucidate the physical mechanisms governing "dead lithium" formation in sulfide-based ASSBs, distinguishing between failure modes induced by electronic isolation versus ionic isolation3.
This research provides a complementary perspective on the chemical nature of the SEI at the atomic scale and its evolution under complex, practical operating conditions, offering theoretical guidance for the interfacial design of next-generation high-energy solid-state ionic devices.
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