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Materials characterization  

The morphology of GDY−modulated PP and bare PP separators was measured by 

field emission scanning electron microscopy (FESEM, HITACHI S−4800), 

respectively. The TEM image of exfoliated GDY after as−prepared GDY−modulated 

PP dissolved in hot methylbenzene to remove the PP base, and the precipitation GDY 

products were filtered and collected, then measured by transmission electron 

microscopy (TEM, H−7650) apparatus. The X−Ray photo electron spectrometer (XPS) 

was tested on VG Scientific ESCA Lab220i−XL X−Ray photo electron spectrometer, 

using Al Ka radiation as the excitation sources. The Raman spectra were recorded at 

room temperature using a Thermo Scientific DXRXI system with excitation from an 

Ar laser at 532 nm. The in−situ Raman measurement was operated through a Thermo 

Scientific™ DXR™xi, as diagrammatized in Figure S1. Raman imaging microscope 

and an in−situ optical electrochemical cell with sandwich configuration and quartz 

window, as shown in Figure S1. The Raman imaging microscope spectra were 

collected over a 100 μm × 100 μm area with different change state. Raman images 

were presented in which the image contrast was generated by the changes in the 

strength of the acetylene bond. The Galvanostatic charge/discharge results were 

obtained by a LAND−CT2001 instrument. Cyclic voltammetry (CV) and 

electrochemical impedance spectroscopy (EIS) results was carried out using a CHI760 

electrochemical work station. 
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Figure S1. Experimental setup for the in situ example showing the electrochemical 

cell mounted on the stage of a Raman imaging microscope.  
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Figure S2. (a) The XPS survey of exfoliated GDY; (b) XPS survey of the chemical 

composition analysis for C1s (b) of exfoliated GDY. 
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Figure S3. CV curves of the GDY–PP (a) and PP (b) based cells at first cycles with a 

scan rate of 0.1 mV s−1. 
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Figure S4. (a) In−situ Raman images of GDY−PP based separator from the area of 

acetylene peaks (specific peak region 1800~2200 cm−1) at initial state; (b) The Raman 

spectrum corresponding to specific regions. 
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Figure S5. In−situ Raman images of PP based separator from the area of acetylene 

peaks (specific peak region 1800~2200 cm−1) with different state of charge during the 

electrochemical process. 
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Figure S6. The XPS survey of GDY–PP, PP separator based cells after 300 cycles. 
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Figure S7. The EDX elemental mapping of Li anode from the PP (a) and GDY−PP (b) 

separators based cells charged to 2.7 V at 300 cycles. 
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Table S1. Comparison of Li−S batteries performance with previous reports involving 

carbon–coated composite separators using carbon/sulfur cathodes. 

 

Materials   Sulfur 

content 

(wt %) 

Current 

(C−rate) 

Cycles 

 

Initial 

discharge 

capacity  

(mAh g −1) 

Capacity 

retention  

(mAh g −1) 

Capacity 

decay per 

cycle  

Years/ 

Refs 

GDY 70 1 600 1396 412 0.095% This 

work 

CNT−zeolitic 80 0.2 100 1588.4 870.3 0.45% 20191 

Ketjen Black /TiO2 67.5 0.5 100 996.7  804.3 0.192% 20192 

Graphene/CuS 53.3 0.2 200 1302 639 0.19% 20193 

MXene/ESM 67 0.5 250 1185 876 0.104% 20184 

rGO/MoS2 70 0.2 500 1122 368 0.116% 20185 

CNFs@ZrO2 70 0.2 500 1181 759 0.098% 20186 

C3N4 45 0.2 200 990 829 0.5% 20187 

CNFs/MnO2 80 0.5 200 1156 856 0.191% 20178 

SWCNTs 80 0.2 300 953 501 0.18% 20169 

Mesoporous Carbon 60 0.2 500 1378 683 0.081% 201510 

PANi−MWCNT 60 0.2 100 1020 709 0.3% 201511 

MCNT/PEG 60 0.5 200 1283 727 0.12% 201512 

Carbon 60 0.2 200 1389 828 0.20% 201413 

PEG/Carbon 70 1 500 1300 780 0.1088% 201414 

Super P 60 0.5 500 1350 740 0.09% 201415 
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