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Figure S1. Schematic illustration of the CR2032 coin cell configuration.
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Figure S2. SEM images of MPC material at (a) low and (b) high magnification.
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Figure S3. XRD patterns of MPC and rGO/MPC materials.
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Figure S4. Raman spectra of MPC and rGO/MPC materials.
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Figure S5. Porosity comparison of uncoated Celgard, MPC-Celgard and rGO/MPC-Celgard 

separators.
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Figure S6. (a) UV-Vis spectra of the Li2S6 solution after static adsorption with MPC and 

rGO/MPC composites for 24 h. Color evolution of the supernatant at (b) 0 h, (c) 1 h, (d) 4 h, 

and (e) 24 h.
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Figure S7. (a-e) CV plots highlighting capacitive-controlled contributions for the rGO/MPC-

Celgard separator at various scan rates.
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Figure S8. Cycle life data of LSBs with rGO/MPC-Celgard separators at different rGO-to-

MPC ratios.
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Figure S9. Charge/discharge profiles of LSBs using (a) uncoated Celgard, (b) MPC-Celgard, 

and (c) rGO/MPC-Celgard separators at different cycle numbers, and (d-f) their profiles at 

varying C-rates.
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Figure S10. XPS spectra of (a-c) C 1s, (d-f) Li 1s, and (g-i) S 2p for uncoated Celgard, MPC-

Celgard, and rGO/MPC-Celgard separators after cycling.
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Table S1. Average particle sizes of MPC, heated MPC, GO/MPC, and rGO/MPC materials.

Sample Particle Size

MPC 224 ± 61 nm

Heated MPC 202 ± 37 nm

GO/MPC 11.9 ± 2.8 μm
rGO/MPC 23.9 ± 7.4 μm
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Table S2. Calculated crystallite sizes of MPC and rGO/MPC based on the primary diffraction 

peaks observed in the XRD patterns.

The crystallite sizes were calculated using the Scherrer equation:

D = Kλ / βcosθ

where D is the crystallite size, K is the shape factor (0.9), λ is the X-ray wavelength (0.15418 

nm for Cu Kα), β is the full width at half maximum (FWHM) in radians, and θ is the Bragg 

angle.

Sample Peak Position (2θ) Plane FWHM (°) D (nm)

MPC 24.5° (002) 5.73 1.42
rGO/MPC 24.1° (002) 5.7 1.43
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Table S3. Summary of Li-ion diffusion coefficients (DLi
+; unit: cm2 s⁻1) for LSBs assembled 

with MPC-Celgard and rGO/MPC-Celgard separators.
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Table S4. Fitted resistance values of LSBs with different separators.
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Table S5. Electrical conductivity of MPC-Celgard and rGO/MPC-Celgard separators with 

rGO-to-MPC ratios of 20:80, 50:50, and 80:20.
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Table S6. XPS peak area percentages of sulfur species under various etching durations for 

LSBs with different separators after cycling.
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Table S7. Comparison of electrochemical performance of modified separators for LSBs from 

previous studies (1C = 1675 mA g−1).

Separator design S loading 
(mg cm−2)

(C rate) 
Cycle #

(C rate) Capacity 
(mAh g−1)

Capacity 
Retention

Rate 
Capability Ref.

rGO/MPC 4.8 (0.5C) 300 (0.1C) 1532 (0.5C) 60.4% 4C
This 

work

KB/US-Mo2C@PP 4.9 (0.2C) 100 (0.2C) 1212 (0.2C) 86.9% 2C 1

Co3O4@GC/N-CNT NF 2.0 (0.1C) 250 (0.1C) 1187 (0.1C) 59.0% 2C 2

VO2/CNFs-PP 2.0 (0.1C) 200 (0.1C) 1303.8 (0.1C) 52.4% 1C 3

Fe3S4/rGO-PP 1.0 (0.2C) 100 (0.2C) 1293 (0.2C) 58.0% 2C 4

CoSe2@CNF 4.1 (0.5C) 275 (0.5C) 1445.6 (0.5C) 58.8% 2C 5

DNA-CNT/MXene/PP 1.0 (0.5C) 100 (0.5C) 920 (0.5C) 76.5% 2C 6

PVIM/PAN 5.0 (0.1C) 100 (0.1C) 1480 (0.1C) 65.4% 2C 7

NiCo@C/CNTs 3.6 (0.5C) 300 (0.5C) 1038.5 (0.5C) 57.8% 3C 8

CoO-CoP-CNT 1.1 (0.5C) 200 (0.5C) 1223.4 (0.5C) 57.3 % 2C 9

Ni3Sn2/NG 3.6 (0.2C) 50 (0.2C) 1240 (0.2C) 84.9% 2C 10

N-rGO 1.5 (0.1C) 200 (0.1C) 1308 (0.1C) 83.7% 1C 11
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Table S8. Comparison of electrochemical performance of graphene-based composites for 

LSBs from previous studies (1C = 1675 mA g−1).

Composite design S loading 
(mg cm−2)

(C rate) 
Cycle #

(C rate) Capacity 
(mAh g−1)

Capacity 
Retention

Rate 
Capability Ref.

rGO/MPC 4.8 (0.5C) 300 (0.1C) 1532 (0.5C) 60.4% 4C
This 

work

rGO/activated C ~4 (0.1C) 50 (0.1C) 1100 (0.1C) 99.7% 0.5C 12

rGO/porous C N/A (0.6C) 500 (0.06C) 1165 (0.6C) ~39% 0.6C 13

rGO/N-rich porous C 3 (0.5C) 400 (0.1C) 979.9 (0.5C) 68.1% 2C 14

B-N-doped Gn 1.4-1.6 (2C) 700 (0.2C) 1359.9 (2C) 45.4% 3C 15

BN/MoS2/Gn 1-1.2 (5C) 500 (5C) 1268 (5C) 38.6% 5C 16

Gn/C/Co9S8/porous C 1.2-1.3 (1C) 500 (0.2C) 1256 (1C) 61.1% 3C 17
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