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Supplementary Figures
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Supplementary Figure 1. Morphology and structural characterizations of Mss. a XRD pattern of MoSe2 nanosheet. b SEM image of MoSe2 nanosheet and its EDS mapping of Se (c) and Mo (d) element.
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Supplementary Figure 2. SEM images of PVDF electrolyte and its EDS mappings.
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Supplementary Figure 3. Mechanical properties of electrolyte. a Tensile strength tested by stress-strain curves of PVDF and PVMS-15 electrolyte. Young’s modules tested by force-separation curves of PVMS-15 (b) and PVDF (c) electrolyte.
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Supplementary Figure 4. Cross sectional SEM image of PVDF electrolyte.
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Supplementary Figure 5. Solvent content tested by TGA. TGA curves of PVDF (a) and PVMS-15 (b) electrolyte.
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Supplementary Figure 6. AFM image of PVDF electrolyte.
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Supplementary Figure 7. Geometry optimization at step 1.
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Supplementary Figure 8. Geometry optimization at step 60.
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Supplementary Figure 9. Geometry optimization at step 80.
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Supplementary Figure 10. Geometry optimization at step 90.
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Supplementary Figure 11. Geometry optimization at step 110.
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Supplementary Figure 12. Geometry optimization at step 189.
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Supplementary Figure 13. SEM images of PVMS-20 electrolyte.
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Supplementary Figure 14. Ionic conductivity tests. EIS of SS||SS cells at different temperatures using PVDF (a) and PVMS-15 (b) electrolyte.
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Supplementary Figure 15. SEI characterizations. Cryo-TEM images of SEI formed by PVDF (a) and PVMS-15 (b) electrolyte.
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Supplementary Figure 16. Nanostructures of SEI. HRTEM images of Li2CO3 (a), Li (b), Li2O (c) and LiOH (d).
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Supplementary Figure 17. SEI image formed by PVDF electrolyte. a Enlarged TEM image of SEI formed by PVDF electrolyte. b FFT pattern.

[image: ]
Supplementary Figure 18. Li metal compatibility tests. CV curves of Li||Cu cells using PVMS-15 (a) and PVDF (b) electrolyte.
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Supplementary Figure 19. Galvanostatic cycling curves of Li||Li symmetrical cells with PVDF and PVMS-15 electrolyte at current density of 0.1 mA cm-2.
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[bookmark: _Hlk119937409]Supplementary Figure 20. CV tests of Li||NCM811 full cells. CV curves of Li||PVDF||NCM811 (a) and Li||PVMS-15||NCM811 (b) cells in voltage range of 2.8~4.3 V at scanning rate of 0.05 mV s-1.
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Supplementary Figure 21. EIS of Li||PVDF||NCM811 and Li||PVMS-15||NCM811 cells before rate tests.
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Supplementary Figure 22. Charge/discharge curves at different rates of Li||PVDF||NCM811 and Li||PVMS-15||NCM811 cells.
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[bookmark: _Hlk119938266]Supplementary Figure 23. EIS of Li||PVDF||NCM811 and Li||PVMS-15||NCM811 cells after rate tests.
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Supplementary Figure 24. Cycling stability of commercial liquid Li||NCM811 cells.
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Supplementary Figure 25. Charge/discharge curves of Li||PVDF||NCM811 cells under cut-off voltage of 4.5 V.
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Supplementary Figure 26. Electrochemical performance of Li||NCM811 full cells at 2.8~4.3 V with 1 mAh cm-2.
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Supplementary Figure 27. Electrochemical performance of Li||NCM811 full cells at -20 °C.
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Supplementary Figure 28. Electrochemical tests of single layer pouch cells. Charge/discharge curve of Li||PVMS-15||NCM811 (a) and Li||PVDF||NCM811 (b) pouch cell.
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Supplementary Figure 29. Optical photographs of pouch cells. a Optical photograph of Li||PVMS-15||NCM811 pouch cell. b Flexible test. c Cutting test. d Puncturing test.
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Supplementary Figure 30. XPS results of interfacial components for cycled Li metal anode using PVMS-15 electrolyte.
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Supplementary Figure 31. Element EDS mappings for cycled Li metal anode using PVMS-15 electrolyte.
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Supplementary Figure 32. Surface SEM image of cycled Li metal anode using PVDF electrolyte.
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Supplementary Figure 33. 3D AFM image of roughness and Young’s modulus tests of cycled Li metal using PVDF electrolyte.
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Supplementary Figure 34. XPS results of interfacial components for cycled NCM811.
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Supplementary Figure 35. CEI images. TEM images of the cycled NCM811 using PVMS-15 (a) and PVDF (b) electrolyte.

Supplementary Tables
Supplementary Table 1 Calculated lattice parameters for Li2Se, LiOH, Li2CO3, and Li2O.
	Crystals
	Calculated
	Reported
	Space Group

	Li2Se
	 a= b=c=5.89 Å    
α=β=γ=90°
	[bookmark: _GoBack] a=b=6.02 Å      
α=β=γ=90°
	Fm3m (No. 225)

	LiOH
	 a=b=3.51 Å c= 4.11 Å
α=β=γ=90°
	a=b=3.59 Å  c=4.41 Å
α=β=γ=90°
	P4/nmm (No.129)

	Li2CO3
	a=8.37 Å b=5.02 Å c=6.32 Å      
α=γ=90°  β=114.08°
	a=8.42 Å b=5.04 Å c=6.35 Å       
α=γ=90° β=114.24°
	C2/c (No. 15)

	Li2O
	 a= b=c=4.55 Å    
α=β=γ=90°
	a=b=c=4.66 Å
α=β=γ=90°
	Fm3m (No. 225)




Supplementary Table 2 Calculated surface energies along different orientations for Li2Se, LiOH, Li2CO3, and Li2O.
	Crystals
	Surfaces
	Surface energy (J m-2)

	Li2Se
	002
	2.07

	
	111
	0.64

	LiOH 
	001
	0.25

	Li2CO3
	002
	0.17

	Li2O
	111
	0.99

	
	110
	1.16




Supplementary Table 3. Comparison of our developed batteries with other reported batteries.
	Electrolyte
	Ionic conductivity
(S cm-1)
	Cycle rate (C)
	Cycle number
	References

	PVDF/LLZTO
	5
	0.4
	120
	1

	PVDF-b-PTFE/LLTO
	1.38
	0.5
	550
	2

	PVDF-HFP/LiTFSI
	1.24
	0.2
	200
	3

	PVDF-HFP/LiTFSI
	2.7
	1
	800
	4

	P(VDF-TrFE-CTFE)/LiTFSI
	3.1
	0.5
	200
	5

	PVDF/LATP
	6
	2
	1500
	6

	BC-g-PLiSTFSI-b-PEGM
	3.1
	1
	300
	7

	PVDF-HFP/BSiO
	4.1
	1
	300
	8

	Li-RCC1-ClO4
	1.2
	1
	750
	9

	COF/LiTFSI
	1.65
	0.1
	130
	10

	PVMS-15
	6.5
	3
	2000
	This work
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