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Supporting Information

Fig. S1. FESEM images of (a, b) NPG and NPG@WS, prepared at (c, d) high and (e,

f) low concentrations.
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Fig. S2. (a) XRD patterns and (b) Raman spectra of NPG.
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Fig. S3. TG analysis of NPG@WS,/CoySg@NC.
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Fig. S4. XPS analysis of (a) NPG@WS,/CoySg@NC and (b) high-resolution N 1s.
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Fig. S5. (a) The initial three CV curves at a scan rate of 0.1 mV s! and (b) the 1st, 2nd,
10th, 50th and 100th galvanostatic discharge/charge curves of NPG@WS,; as anode for

LIB within a voltage window of 0.01-3.0 V at a current density of 500 mA g!.
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Fig. S6. Comparison of rate capability for LIBs between NPG@W S,/CoySg@NC and

WS,-based (or CoySg-based) anodes reported in the recent literatures.



Fig. S7. SEM images of (a) NPG@WS,/CoySg@NC and (b) NPG@WS, materials after

200 cycles at 0.5 A g,



Fig. S8. HRTEM image of NPG@WS,/CosSg@NC materials after 200 cycles at 0.5 A

gl
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Fig. S9. Cycling performance and Coulombic efficiency of NPG at (a) 0.5 A g! and (b)

1Ag!
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Fig. S10. (a) UV-vis DRS spectra and (b) Tauc plots of NPG@WS, and

NPG@WSQ/COgSg@NC
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Table S1. Comparison of cycling performance for LIBs between

NPG@WS,/CoySg@NC and WS,-based (or CogSg-based) anodes reported in the recent

literatures.
- Current density Cyeles Capacity -
(mA g) (mAh g)

WS,-PCBM/MWCNT 500 50 655.47 !

WS,/C Composite 500 1000 1166.8 2

Nano-honeycomb WS, 1000 300 800 3

HTSHNs WS,/C 1000 1000 784 &

WS,/GCNF 100 100 1068.5 3

Si@CoySg CF 1000 250 633.6 6

Y S-CoySg@CoWO4NC 500 100 1053 7

3D CoySg @graphene 1000 1000 550 E

MoS,/CoySg/carbon 200 50 987.7 9
NPG@WS,/CosSg@NC 500 200 1896 Wi

work
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Table S2. EIS specific descriptions of NPG@WS, and NPG@WS,/CoySg@NC

electrode at various states.

Samples Rs (Q2) Rcet (Q)
NPG@WS,/CoySg@NC after 10 cycles 1.59 162.5
Fresh NPG@WS,/CogSs@NC 291 489.8

NPG@WS, 16.52 679.5
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