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Figure S1. Schematic representation of the preparation of the PVDF-HFP-

in-LiFSI (1PVHF1FSI) membrane.
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Figure S2. Raman spectra of pure DMF and 1PVHFIFSI. The peak
positions for bound and free DMF molecules are 675.9 and 663.3 cm™!,

respectively!. There is no visible 663.3 cm™! peak in the Raman spectra of

1PVHF1FSI, showing the solid-state property.
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Figure S3. CV curves of a Li/1PVHF1FSI/Cu half-cell.
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Figure S4. Charge-discharge curves of liquid SPAN at different cycles.
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Figure S5. Nyquist plots of (a) liquid SPAN and (b) solid SPAN. (c) the
values of R; (interface resistance from cathode-electrolyte interface and
lithium anode-electrolyte interface) at various cycles. The large interfacial
resistance of liquid SPAN in the first cycle is due to the native oxide layers
and the dendrite Li formation?. (d) the values of R, (ohmic resistance from
electrolyte resistance, contact resistance between the electrode material
and the collector, efc.) at various cycles. The similar R, values at different

cycles indicate that there is no shuttling causing electrolyte resistance in

both solid SPAN and liquid SPAN.
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Figure S7. The configuration of a solid SPAN coin cell used for in-situ

Raman spectroscopy.
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Figure S8. Proposed unstable configuration of SPAN, where the S-S bonds

break spontaneously.
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Figure S9. (a) Proposed configuration of SPAN and (b) electrical
localization of DMF and SPAN through electrical localization function
calculations (the darker blue in S atom sites of solid SPAN indicate a

stronger C-S bond strength).
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Figure S10. FTIR spectra of pure acetone and 1PVHF1FSI (acetone as
solvent). The typical peak position (C=N) of pure acetone is 2252 cm'.
There is no visible 2252 ¢cm™! peak in the FTIR spectra of 1PVHFI1FSI

(acetone as solvent), showing the acetone was removed completely.

2nM

2" discharge

9 6 3 0 3 6 9
5 ("Li) / ppm

Figure S11. 'Li MAS NMR spectra of the SPAN cathodes in solid SPAN

without trace DMF after the second discharge/charge.
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Figure S12. Possible structures of SPAN and investigation of the origin of
irreversible capacity loss during the first discharge process in solid SPAN.
Three configurations on the left are possible structures of SPAN and the

possible reaction pathways of the first discharge process are shown. The



reaction process leading to irreversible capacity loss needs to be
thermodynamically favorable, which means that the change of Gibbs free
energy should be sufficiently negative. (a) It is favorable that two nitrogen
atoms in SPAN react with one lithium ion with a significantly negative
change in the Gibbs free energy. But one nitrogen cannot be further
connected with two lithium ions. (b) This process is reversible since the
change in Gibbs energy of this reaction is not sufficiently negative, so it
does not result in an irreversible capacity loss. (c¢) This process is

thermodynamically unfavorable.
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Figure S13. The thermodynamically favorable discharge pathway of solid

SPAN batteries highlighted by translucent blue arrows.
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Figure S14. The thermodynamically favorable discharge pathway of liquid

SPAN batteries highlighted by translucent blue arrows.

Figure S15. The bond lengths of C-S after Li storage in (a) liquid SPAN

and (b) solid SPAN.
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Figure S16. Comparison of the thermal stabilities of a PP separator and

IPVHF1FSI.

Table S1. Cycling performance comparison of solid-state Li-S batteries.

. Temperatur
Capacity
Entry Electrolyte Cathode ¥ Cycle e Ref.
(mAh g .
(°C)
1 AQT@PEO/LITFSI Li,S 620/0.1C 60 60 3
630/0.05
2 PEO/LiTFSI S@C 60 55 4
mA cm?
3 PEO/PIM12%/LiTFSI S ~750/0.05C 30 60 5
4 PEO/LiDFTFSI S@C ~600/0.1C 30 70 6
Li;oGeP,S;» S@pPAN 296/0.1C 150 25 7
5
Li]oG@PzS]z SeoA0580A95@pPAN 680.4/0.1C 150 25 7
Li3 »5Geg 25Po 75S4/PEO/
6 FIETOATOTI SPAN 588/0.1C 50 60 8
PyI'1,4TFSI
This
7 1PVHF1FSI SPAN 897.4/0.2C 100 25

work
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