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Figure S1. XRD curves of (a) S powder and (b) S/C composite.

Figure S2. SEM image of S/C composite.

Figure S3. The XRD pattern of MgF2 nanoparticles and corresponding crystal planes.
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Figure S4. XRD curve of PEO powder.

Figure S5. (a) Ionic conductivities for the PEO-15%LLZTO-x%MgF2 (x = 0, 2, 5, 

and 8) SSEs; (b) The activation energy calculated from the ionic conductivity curves 

of PEO-15%LLZTO and PEO-15%LLZTO-5%MgF2 SSEs at different sections (30 - 

55℃ and 55 - 70℃).
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Figure S6. The electrochemical performances of Li/Li symmetrical batteries with the 

PEO-15%LLZTO-5%MgF2 SSE at 50℃ with current densities of (a) 0.1 mA cm-2 

and (b) 0.4 mA cm-2.

Figure S7. (a) The charge-discharge curves of the ASSLSB with the PEO-

15%LLZTO SSE under 50℃ at 0.05 C; (b) Comparisons of the charge-discharge 

curves for the ASSLSBs assembled by the SSEs with or without the MgF2 additive 

under 50℃ at 0.05 C.
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Figure S8. The charge-discharge curves of the ASSLSB with the PEO-15%LLZTO 

SSE under 60℃ at a current density of 0.2 C.

Figure S9. Long-term cycle performance of ASSLSBs with the PEO-15%LLZTO-

5%MgF2 SSE under 60℃ at 0.5 C.
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Table S1. Electrochemical performances of lithium-sulfur batteries with PEO-based solid-state electrolytes.

Cathode
S loading

/ mg cm-2

S content

/ %
Electrolyte T / ℃

Current 

density

Capacity / mAh g-1 

(cycle number)

Retention 

rate / %

Coulombic 

efficiency / %
Ref.

S@CTT/MXene 0.6 25 PEO-LiTFSI-PE 55 0.12 C 584 (100) — — 1

S-CNTs 0.28 42 Al2O3 modified PEO 60
0.1 C

0.2 C

640 (120)

780 (100)

45.2

82.5

98.0

98.9
2

S/BC 1.2 48
PEO/PGA-LiTFSI-

Py13TFSI
50 0.2 C 541 (100) 89 — 3

S-super P-

PEO/LiTFSI
0.6 40 C-S-E/4000k 55 0.2 C 768 (100) 83 98.0 4

S/BP-2000 — — PEO-PAN-LiTFSI 70 0.1 C 766 (75) 61.8 ~100.0 5

Li2S@TiS2-super 

P-PEO/LiTFSI
0.2-1.2 — PI@PEO/LiTFSI 80 0.8 C 333 (150) 68 98.6 6

Li2S@AQT-

PEO/LiTFSI
0.2-0.7 — PE@PEO/LiTFSI 60 0.1 C 878 (30) 87.9 98.9 7
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Note: for the cathode with S as active material, 1 C = 1675 mA g-1; for the cathode with Li2S as active material, 1 C = 1166 mA g-1. “—” indicates that the data 

is not given. 

S/KB 0.5 56
PEO-LiTFSI-LLZTO 

with CGS interlayer
60 0.2 C 799 (50) 95.9 85.0 8

S 0.41 70 PEO-LiTFSI-LLZTO

45

55

65

75

~0.07 C

440 (50)

168 (50)

106 (50)

117 (50)

136.6

35

~10

~10

97.1

90.5

89.7

88.6

9

S-KB-CNT-

PEO/LiTFSI
0.5 50 PFA|PEO 60 ~0.06 C 627 (100) 53.6 98.0 10

S/KB-CB-CNT 0.5 45
PEO-LLZTO-

5%MgF2

50

60

60

0.05 C

0.2 C

0.2 C

874 (40)

780 (40)

732 (60)

90

98

92

98.5

99.7

98.3

This 

work
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Figure S10. (a) SEM image of the cycled lithium metal surface from the battery with 

the PEO-15%LLZTO-5%MgF2 SSE; (b) SEM image of cycled lithium metal surface 

from the battery with the PEO-15%LLZTO SSE.



S9

Figure S11. XPS spectra of the cycled lithium metal surface from the battery with the 

PEO-15%LLZTO-5%MgF2 SSE: (a) C 1s; (b) N 1s; and those with PEO-15%LLZTO 

SSE: (c) C 1s; (d) N 1s.

Figure S12. Comparison of XPS spectra of (a) F 1s and (b) Mg 1s before and after 

sputtering under the same conditions (Ar+, 5 keV, 3 mm×3 mm); (c) The schematics 

of Ar+ sputtering process and SEI model (The LiF and LixMg alloy layers are used as 

the main components; other components such as lithium sulfide and lithium nitride 

are not considered here).
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Figure S13. (a) Cycle performance and (b) the corresponding charge-discharge curves 

of the ASSLSB with the PEO-15%LLZTO-5%AlF3 SSE under 60℃ at a current 

density of 0.2 C.

We used the same method to prepare the solid-state electrolyte (denoted as PEO-

15%LLZTO-5%AlF3) using AlF3 as an additive. The ASSLSB’s electrochemical 

performance at 0.2 C and 60℃ is investigated. As shown in Figure S13a, the ASSLSB 

shows a high discharge specific capacity of 812 mAh g-1, accompanied by a high 

Coulombic efficiency of about 100%. In addition, this battery also has a lower 

polarization voltage of 0.20 V (Figure S13b). As we excepted, the AlF3 additive shows 

a similar effect on modifying the PEO-based electrolyte with MgF2, due to their similar 

properties. 
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