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Fig. S1 XRD pattern (a) and Raman spectra (b) of Seo.08S0.92.

Fig. S2 SEM of S@pPAN
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Fig. S3 XPS spectra of S2p for S@pPAN.
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Fig. S4 XPS spectra of C 1s for Seo.08S0.0:@pPAN (a) and S@pPAN (b).
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Fig. S5 Voltage profiles at various current densities from 0.1 A g to 3 A g”! of Seo.0sS0.92@pPAN in
carbonate electrolyte (a) and in ether electrolyte (c). Voltage profiles at various current densities from
0.1Ag'to3 Ag' of S@pPAN in carbonate electrolyte (b) and in ether electrolyte (d).
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Fig. S6 Comparisions of capacity utilization rates between Seo.0sS0.92@pPAN and S@pPAN in

carbonate electrolyte (a) and in ether electrolyte (b).
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Fig. S7 Cycle performance of Seo.06S0.04@pPAN and Seo.12S0.8s@pPAN composite cathode in carbonate

electrolyte.
12
—— S@pPAN
104 — Sey,0850.92@PPAN
<
|° 8 _
=
g 9
B
6 4 b /
2-
0 Ll Ll L) L)
1.0 1.2 1.4 1.6 1.8 2.0
Potential(V)

Fig. S8 Equilibrium current of the S@pPAN and Seo.0sS0.92@pPAN at different set voltages.
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Fig. S9 Discharge/charge curves of Seg.08S0.02@pPAN and S@pPAN electrodes in carbonate electrolyte
(a) and in ether electrolyte (b).
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Fig. S10 CV curves of S@pPAN in carbonate electrolyte (a) and in ether electrolyte (b).
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Fig. S11 S@pPAN (a) and Seg.08S0.92@pPAN (b) model for Na ion diffusion barriers employing DFT
calculation. (¢) Energy profiles for Na ion diffusion in S@pPAN and Seo.08S0.92@pPAN. Schematic
representations of corresponding diffusion pathway for S@pPAN: (d) original state and (e) final state
and for Seo.08S0.02@PPAN: (f) original state and (g) final state
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Fig. S12 GITT voltage profiles of the Se.08S0.92@pPAN and of S@pPAN in carbonate electrolyte (a)

and in ether electrolyte (b).
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Fig. S13 UV-vis spectra of the S@pPAN and Se.0sS0.0:@pPAN cathodes solutions cycled in ether

electrolyte.
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Table S1. The C, N, H, S and Se content in the composite.

Material C (%) N (%) H (%) S (%) Se (%)
Se0068004@pPAN | 40.5 14.78 0.75 37.78 6.19
Se00sS00x@pPAN | 39.77 14.77 0.85 36.88 7.72
Se0.12S0ss@pPAN | 40.67 14.99 0.82 32.57 10.97
S@pPAN 41.86 15.56 1 39.35 /

Table S2. Raman shifts (cm™) and assignments for Seo.0sS0.92@pPAN.

Se0.08S0.92@pPAN | Assignments

307 C-S in plane bending

360 S-Se

470 S-S

805 C-S

926 Ring (containing S-S bond) Stretch
1325 D Band

1532 G Band

Table S3. FTIR wavenumbers (cm™') and assignments for Se.0sS0.92@pPAN.

Se0.08S0.92@pPAN | Assignments

1502 C=C Symmetric Stretch
1362 C-C Deformation

1250 C=N Symmetric Stretch

939 Ring Breath (containing C-S)
670 C-S Stretch

513 S-S Stretch




Table S4. Electric conductivity results of S@pPAN and Seo.08S0.92@pPAN using direct current (DC)

polarization method.

Material Resistance Length(cm) | Area(cm™) | Electric conductivity(S/cm)
S@pPAN 3.17x 107 0.785 4.86 x 10
Se0.0sS0.92@pPAN | 2.47x 107 0.785 5.83 x 107

Table S5. Prolonged cycle life of representative cathodes in carbonate electrolyte for Na-S batteries

Reference Capacity retention Decay rate per cycle
(mAh g™ (%)
Ref.1 487(500 cycles at 0.7A g™!) 0.072
Ref.2 456(200 cycles at 0.5A g'!) 0.095
Ref.3 202(160 cycles at 0.5 A g™h) 0.214
Ref4 600(200 cycles at 1.675 A g!) 0.348
Ref.5 292(200 cycles at 0.1A gh) 0.059
Ref.6 256(400 cycles at 3.35 A g™) 0.044
Ref.7 290(350 cycles at 0.1 A gh) 0.288
Ref.8 648(500 cycles at 0.8 A g!) 0.087
(This work) 770(500 cycle at 0.4 A gh) 0.045
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