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Analysis of factors controlling cycle life of lithium-sulfur batteries with
vinylene carbonate as electrolyte solvent by XANES measurements
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We found that lithium-sulfur batteries with a mesoporous carbon-sulfur composite electrode as the cathode
and vinylene carbonate (VC) as the electrolyte solvent showed significantly improved short-term capacity
retention compared to batteries with conventional ether solvent-based electrolytes [1]. However, in the case
of long-term charge-discharge cycles, the capacity retention with VC was worse than that of lithium sulfur
batteries with an binary electrolyte based on VC mixed with fluoroethylene carbonate (FEC) ("FEC-VC
electrolyte™). In this measurement, K-edge XANES spectra of C, O, and S were analyzed for the sulfur
cathode before (pristine) and after the 1st cycle at 100% SOC and after 10 cycles at 100% SOC to elucidate
the factors that cause the long-term capacity retention loss when VC is used as an single electrolytic solvent.
Our results showed that the electrode surface film formed at the initial discharge changed with
charge-discharge cycles, and SO4 species increased in the film.
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Fig. 1 (a) C K-edge XANES spectra (total electron yield method) of sulfur cathodes before cycles (pristine), after 1st
cycle (100% SOC), and after 10 cycles (100% SOC). (b) C K-edge XANES ‘change spectra’ of sulfur cathodes after 1st
cycle and after 10 cycles (total electron yield method). (c) C K-edge XANES spectra (fluorescence yield method) of
sulfur cathodes before cycles (pristine), after 1st cycle (100% SOC), and after 10 cycles (100% SOC). (d) C K-edge
XANES ‘change spectra’ of sulfur cathode after 1st cycle and after 10 cycles (fluorescence yield method).
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Fig. 2 (a) S K-edge XANES spectra (total electron yield method) of sulfur cathodes before cycles (pristine), after 1st
cycle (100% SOC), and after 10 cycles (100% SOC). (b) S K-edge XANES ‘change spectra’ of sulfur cathodes after 1st
cycle and after 10 cycles (total electron yield method). (c) S K-edge XANES spectra (fluorescence yield method) of
sulfur cathodes before cycles (pristine), after 1st cycle (100% SOC), and after 10 cycles (100% SOC). (d) S K-edge
XANES ‘change spectra’ of sulfur cathodes after 1st cycle and after 10 cycles (fluorescence yield method).
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