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Supporting Figures

Fig. S1. Electrolyte affinity analysis: the contact angle of (a,c) polypropylene substrate

and (b,d) PMMA-based GPE.
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Fig. S2. Fourier-transform infrared (FTIR) spectroscopy of polymethyl methacrylate
(PMMA)-based gel-polymer electrolyte (GPE) with different PMMA:LiTFSI ratios of

100:0, 95:5, 90:10, 85:15, and 80:20 wt% and the reference polymeric separator.
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Fig. S3. Morphology analysis of PMMA-based GPE with different PMMA:LiTFSI

ratios: (a) 100:0, (b) 95:5, (c) 90:10, (d) 85:15, and (e) 80:20 wt%.
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Fig. S4. Solid-state NMR of PMMA-based GPE with different PMMA:LiTFSI ratios
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0f 100:0, 95:5, 90:10, 85:15, and 80:20 wt%: (a) "H NMR and (b) 'Li NMR.
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Fig. SS5. Discharge/charge curves of high-sulfur-loading polysulfide cathodes with

PMMA-based GPE with different PMMA:LiTFSI ratios: (a) 100:0, (b) 95:5, (¢) 90:10,

(d) 85:15, and (e) 80:20 wt%.



Fig. S6. Microstructural inspection from the anode side of PMMA-based GPE (a)
before and (b) after cycling.
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Fig. S7. Discharge/charge curves of high-sulfur-loading polysulfide cathodes with
PMMA-based GPE (PMMA:LIiTFSI = 90:10 wt%): (a) 4 mg cm sulfur, (b) 8 mg cm-

2 sulfur, and (c) 10 mg cm? sulfur; and (d) rate capacity of sulfur loading of 10 mg cm.
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Fig. S8. Ionic conductivities of PMMA-based GPE before and after soaking electrolyte.
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Fig. S9. Cyclic voltammetry (CV) analysis of high-sulfur-loading polysulfide cathodes
with 4 mg cm? sulfur and with PMMA-based GPE (PMMA:LIiTFSI = 90:10 wt%) at
different scan rates: (a) 0.010 mV s, (b) 0.015 mV s, (¢) 0.020 mV s!, and (d) 0.025

mV s and (e) lithium-ion diffusion coefficient analysis.
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Fig. S10. CV analysis of high-sulfur-loading polysulfide cathodes with 8 mg cm-2 sulfur
and with PMMA-based GPE (PMMA:LiTFSI = 90:10 wt%) at different scan rates: (a)
0.010 mV s1, (b) 0.015 mV s7!, (¢) 0.020 mV s!, and (d) 0.025 mV s'! and (e) lithium-

ion diffusion coefficient analysis.
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Fig. S11. CV analysis of high-sulfur-loading polysulfide cathodes with 10 mg cm
sulfur and with PMMA-based GPE (PMMA:LIiTFSI = 90:10 wt%) at different scan
rates: (a) 0.010 mV s'!, (b) 0.015mV s, (¢) 0.020 mV s°!, and (d) 0.025 mV s™! and (e)

lithium-ion diffusion coefficient analysis.



Supporting Table
Table S1. Comparative of battery performance and electrochemical abilities with gel-

polymer electrolyte in lithium-sulfur batteries.

A B C D E F G H
2016 | 60 1.8 PAN/PMMA- 1.43 | 4752 | 3.0 [ [S1]
electrospun/PETEA
2016 | 56 1.5 PETEA 0.79 | 296.6 | 1.7 | [S2]
2016 | 34 1 PVDF/PMMA/PVDF 1.17 399 2.5 | [S3]
2017 | 82 5.2 PVDF/PEO/ZrO, 4.57 | 720.8 | 9.6 | [S4]
2017 | 48 2 PVDF-HFP/LATP 1.8 440.6 | 3.9 | [S5]
2018 | 70 1 PDA-modified PVDF- | 1.22 | 850.8 [ 2.6 | [S6]
based GPE
2018 49 1.2 poly(acrylic acid) 0.67 | 2754 | 1.4 | [S7]
(PAA)
2019 | 48 1 PMMA/separator/AB | 0.99 | 4774 | 2.1 [S8]
2019 | 49 0.55 PP(Celgard 0.61 | 539.1 | 1.3 | [S9]
2400)/PMMA
2019 | 38 1 PVDF/PMMA 0.55 | 2104 | 1.2 |[S10]
2019 | 54 1 PAN/PEO/LATP 090 | 4879 [ 1.9 |[S11]
2019 | 48 1.2 PVDF-HFP/PETT 0.72 | 288.5 | 1.5 |[S12]
2020 | 48 2 PETT-DA, PVDF-HFP | 1.41 | 338.2 | 3.0 [ [S13]
2020 | 64 2 PEGDA/LLZTO 240 | 768.6 | 5.0 | [S14]
2020 | 65 2 PVDF-HFP/PSD 246 | 7989 | 5.2 | [S15]




2020 | 60 1.1 PVDF-HFP 1.1 600 2.3 | [S16]
2020 [ 70 2 PVDF/PSPEG 1.89 | 660.1 | 4.0 | [S17]
2021 70 1 PEI/PEGME 0.94 658 2.0 | [S18]
2021 76 6 PEO/LiTFSI 3.82 | 484.1 | 8.0 | [S19]
2021 60 1.5 PVA-CN or PDXL 1.59 | 637.8 | 3.3 [ [S20]
73 10 PMMA/LiTFSI 7.10 | 509.8 | 15.1 | This

work

A: Year, B: sulfur content [wt%], C: sulfur loading [mg cm], D: polymer, E: areal
capacity [mAh cm2], F: gravimetric capacity [mA-h g-'], G: energy density [mW-h cm"

2], H: references.
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