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Anode-free solid-state batteries (AFSSBs) show improved capacities and safety
compared to conventional Li-ion cells. However, the development of stable electrolytes is
needed for achieving better cyclability. Our recent study has demonstrated the potential of
polyethylene oxide (PEO)-based solid polymer electrolyte containing lithium difluoro(oxalate)-
borate (LiDFOB) in AFSSB, showing promising capacity retention.! In this work, we applied
operando hard X-ray photoelectron spectroscopy (HAXPES) to investigate the solid electrolyte
interphase (SEI) at the anode|SPE interface in AFSSB with PEO:LIDFOB, as illustrated in
Figure 1a. Specifically, we applied voltages in steps from 3.4 V to -0.1 V vs Li/Li*, covering the
SEI formation potentials, while simultaneously probing decomposition and lithium plating at the
interface. In the Li 1s and C 1s spectra (Figure 1b and 1c), a relative shift in binding energy
between the components in the SEI and the current collector at different potential steps is
observed, which is caused by the formation of double-layer at the interface. This approach allows
us to determine the potential at which PEO:LIiDFOB begins to degrade and to identify the
decomposition products. Our results indicate the correlation between the SEI formation and the
improved capacity retention, which is benefit to the understanding of electrolyte stabilty and
further development of AFSSBs.
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Figure 1. (a) lllustration of operando measurements. (b) Li 1s and (c) C 1s spectra at different potentials.



