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The formation mechanism of BiG sphere.

During the hydrothermal process, Bi-PVP complexes were generated by the 

coordinative bonding with the carbonyl oxygen of PVP.1 The superfluous PVP coated 

the Bi-PVP complexes to generate micelles in the solvent. Meanwhile, Bi3+ also 

combined with glycol by complexation reaction.2 Then, the crystal gradually grew up 

and finally generated BiG sphere.
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Fig. S1 Bi 4f XPS spectrum of BiG sphere.

The Bi 4f XPS spectrum of BiG sphere is shown in Fig. S1, the strong characteristic 

peaks at 164.3 and 159.0 eV are attributed to Bi3+, while the weak peak at 161.6 eV 

belongs to metal Bi0.3 The glycol with reducibility leads to the generation of metal Bi0. 

Thus, elemental Bi in BiG sphere exists in the form of major Bi3+ and a handful of Bi0.

Fig. S2 Elemental mappings of Bi2S3 HS.



Fig. S3 SEM images of (a,b) BiG sphere, (c,d) Bi2S3 HS and (e,f) Bi2S3-PPy HS.

Fig. S4 Modeled equivalent circuit of EIS.

Fig. S5 CV curves of Bi2S3 HS. 
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Fig. S6 XRD spectra of Bi2S3-PPy HS after cycling.
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Fig. S7 Discharging curves at different current densities of Bi2S3-PPy HS.
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Fig. S8 EIS spectra of Bi2S3 HS and Bi2S3-PPy HS.



Fig. S9 CV curves of (a) Bi2S3 HS and (b) Bi2S3-PPy HS at different scan rates. (c) Log 

plot of peak 1 and peak 2 currents versus scan rates.



Fig. S10 Elemental mappings of Bi2S3-PPy HS/S.

Fig. S11 (a) N2 adsorption-desorption isotherms, pore size distribution and cumulative 

pore volume plots of Bi2S3-PPy HS and Bi2S3-PPy HS/S.

As shown in Fig. S11a, the N2 adsorption-desorption isotherms reflect a polyporous 

structure of Bi2S3-PPy HS compared to Bi2S3-PPy HS/S. The specific surface areas of 

Bi2S3-PPy HS and Bi2S3-PPy HS/S are 0.6864 and 0.0638 m2 g-1. The Fig. S11b 

indicates that Bi2S3-PPy HS has a number of differently-sized pores. The micropores 

and mesopores are derived from the porous surface of Bi2S3 and PPy. The macropores 



are attributed to the hollow structure of Bi2S3. Meanwhile, Bi2S3-PPy HS has an 

obviously bigger pore volume than that of Bi2S3-PPy HS/S (Fig. S11c). These reveal 

that the most pores have been occupied by sulfur after the sulfur infiltration.
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Fig. S12 TGA curves of Bi2S3-PPy HS and Bi2S3-PPy HS/S.

The thermogravimetric analysis (TGA) curves of Bi2S3-PPy HS and Bi2S3-PPy HS/S 

are collected to present the fractions of Bi2S3, PPy and S in the Bi2S3-PPy HS/S, as 

displayed in Fig. S12. The decomposition temperature of PPy is about 220 oC.4 Thus, 

the content of PPy in Bi2S3-PPy HS is about 14.5%. The weight loss before 220 oC is 

ascribed to the water evaporation (4.1%). While the complete vaporization of S in 

Bi2S3-PPy HS/S is finished at 281 oC. The weight loss of Bi2S3-PPy HS/S from the room 

temperature to 281 oC contains the S sublimation, the water evaporation and the 

decomposition of PPy. By subtracting the weight change of Bi2S3-PPy HS in this 

temperature range, we get the content of S (64.0%) in Bi2S3-PPy HS/S. As a result, the 

fractions of H2O, Bi2S3, PPy and S in the Bi2S3-PPy HS/S composite are about 1.4%, 

29.4%, 5.2% and 64.0%.
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Fig. S13 Charging-discharging curves of Bi2S3 HS in Li-S battery.
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Fig. S14 Cyclic life of Bi2S3-PPy HS/S with mass loading of 5.2 mg cm-2 at 1 C.



Table S1 A comparison of cycling performance of Bi-based anode in sodium ion 

batteries

Electrode
Current 
Density
(mA g-1)

Number 
of Cycles

Final 
Capacity
(mAh g-1)

Capacity 
Retention Reference

Bi2S3-PPy 
hollow sphere 1000 5000 306 90% This work

Bi2S3-PPy 
yolk-shell 
composites

313 100 380 61% [5]

Bi2S3/C 120 100 379 45% [6]
Bi0.94Sb1.06S3/
C 1000 200 410 60% [7]

Bi2S3 100 40 322 52% [8]
np-Bi2Sb6 1000 10000 150 28% [9]
Bulk Bi 400 2000 389 94% [10]
Bi@C 
microsphere 100 100 123.5 48% [11]

Bi-NS@C 
composite 200 1000 106 20% [12]

Bi@Graphite 3200 10000 144 90% [13]
arrayed Bi 
nanorod 50 150 302 83% [14]

Bi/C 
nanofibers 100 500 273 46% [15]

Bi/CNFs 50 100 186 50% [16]
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