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Fig. S1. TGA of the RGO/SnO2 based composite precursors with different SnO2 mass loading 

on RGO. The measurements were taken in air using a heating rate of 10℃ min-1. 

SnO2 contents of L-RGO/SnO2, M-RGO/SnO2, H-RGO/SnO2 and RGO/SnO2@C estimated 

from the thermal analysis are ca. 71.3, 93.4, 97.4 and 83.7 wt %, respectively. The 

corresponding SnS2 contents of these samples after sulfuration were also estimated based on 

the following equation S1 as all SnO2 would be converted into SnS2 during the sulfuration 

process (equation S2), as shown in Table S1.  
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Table S1. SnO2 contents and the corresponding SnS2 contents of these samples after sulfuration 

of L-RGO/SnO2, M-RGO/SnO2, H-RGO/SnO2 and RGO/SnO2@C. 

 
SnO2 content Estimated SnS2 content after 

sulfuration 

L-RGO/SnO2 71.3 75.1 

M-RGO/SnO2 93.4 94.4 

H-RGO/SnO2 97.4 97.8 

RGO/SnO2@C 83.7 86.2 
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Fig. S2. TEM and HRTEM images of (a, b) the low SnO2 mass loaded precursor (L-

RGO/SnO2) and (c, d) the high SnO2 mass loaded precursor (H-RGO/SnO2). 
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Fig. S3. Low magnification SEM and TEM images of (a ,b) P-RGO/SnS2 and (c, d) V-

RGO/SnS2 composites. 
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Fig. S4 SEM and TEM images of the RGO/SnS2 composite obtained from the medium SnO2 

mass loaded RGO/SnO2 precursor (M-RGO/SnO2). 
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Fig. S5. (a) STEM image, and (b-d) Element mapping images of the RGO/SnS2@C composite, 

showing the uniform distribution of SnS2 nanoparticles within the RGO backboned 2D carbon 

matrix. 
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Fig. S6 Raman spectra of P-RGO/SnS2, V-RGO/SnS2 and RGO/SnS2@C composites. All the 

Raman spectra exhibit an intense peak at about 311 cm-1, which is attributed to the A1g mode 

of SnS2. The peak at about 1585 cm-1(G band) is related to the vibration of the sp2-bonded 

carbon atoms in a 2-dimensional hexagonal lattice, while the peak at about 1325 cm-1 (D band) 

is related to the defects and disorder in the hexagonal graphitic layers. 
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Figure S7. Nitrogen adsorption-desorption isotherms and pore-size distribution of (a, b) P-

RGO/SnS2, (c, d) V-RGO/SnS2 and (e, f) RGO/SnS2@C composites, respectively.  
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Fig. S8. TGA of the RGO/SnO2 based composite precursors with different SnO2 mass loading 

on RGO. The measurements were taken in air using a heating rate of 10℃ min-1.  

SnO2 contents of L-CNT/SnO2, H-CNT/SnO2 and CNT/SnO2@C estimated from the thermal 

analysis are ca. 31.2, 86.7 and 73.6 wt %, respectively. The corresponding SnS2 contents of 

these samples after sulfuration were also estimated based on the following equation S1 as all 

SnO2 would be converted into SnS2 during the sulfuration process (equation S2), as shown in 

Table S2.  

 

Table S2. SnO2 contents and the corresponding SnS2 contents of these samples after sulfuration 

of L-CNT/SnO2, H-CNT/SnO2 and CNT/SnO2@C. 

 

 

 

 

 

 
SnO2 content Estimated SnS2 content after 

sulfuration 

L-CNT/SnO2 31.2 35.3 

H-CNT/SnO2 86.7 88.7 

CNT/SnO2@C 73.6 77.1 
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Fig. S9. TEM and HRTEM images of (a, b) the low SnO2 mass loaded CNT/SnO2 precursor 

(L-CNT/SnO2) and (c, d) the high SnO2 mass loaded CNT/SnO2 precursor (H-CNT/SnO2). 
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Fig. S10. X-ray diffraction patterns of the CNT based composites, including the L-CNT/SnO2, 

H-CNT/SnO2 and CNT/SnO2@C precursors and the corresponding products after sulfuration, 

C-CNT/SnS2, R-CNT/SnS2 and CNT/SnS2@C.  

 



     

12 

 

 

Fig. S11. Low magnification SEM and TEM images of (a ,b) C-CNT/SnS2 and (c, d) R-

CNT/SnS2 composites. 

 

Fig. S12. (a) STEM image, and (b-d) Element mapping images of the CNT/SnS2@C composite. 
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Fig. S13. Voltage profiles of the RGO/SnS2@C for (a) LIBs and (b) NIBs cycled at a current 

density of 100 mA g-1 between 5mV and 3.0 V vs Li+/Li and Na+/Na, respectively. 
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Fig. S14. Coulombic efficiency of P-RGO/SnS2, V-RGO/SnS2, and RGO/SnS2@C for LIBs 

and/or NIBs cycled at a current density of 100 mA g-1 between 5mV and 3.0 V vs Li+/Li and 

Na+/Na, respectively. 
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Fig. S15. Voltage profiles of the CNT/SnS2@C for (a) LIBs and (b) NIBs cycled at a current 

density of 100 mA g-1 between 5mV and 3.0 V vs Li+/Li and Na+/Na, respectively. 
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Fig. S16. Coulombic efficiency of the CNT/SnS2@C for LIBs and NIBs cycled at a current 

density of 100 mA g-1 between 5mV and 3.0 V vs Li+/Li and Na+/Na, respectively. 
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Fig. S17. Cycling performance of the as-synthesized bare SnS2 for Li-ion and Na-ion storage 

at 100 mA/g. 

 

 
 

Fig. S18. TEM images of (a, b) RGO/SnS2@C and (c, d) CNT/SnS2@C electrodes for LIBs 

after 200 cycles. 
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Fig. S19. TEM images of (a) the as-synthesized RGO/glucose-derived carbon (RGO@C) and 

(b) CNT/glucose-derived carbon (CNT@C) composites without SnS2 phase. 

 

 

Fig. S20. Cycling performance of the as-synthesized RGO/glucose-derived carbon (RGO@C) 

and CNT/glucose-derived carbon (CNT@C) composites without SnS2 phase at 100 mA/g. 
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Fig. S21. Voltage profiles of the carbon coated composites for Li+ or Na+ storage at various 

current rates.  
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Table S3. Electrochemical performance comparison of some representative SnS2/nanocarbons 

composite anodes for lithium/sodium ion batteries. 

 Materials 

Tin 

Sulphide 

content 

(wt. %) 

Testing 

Voltage 

window 

(V) 

Cycling Performance 
Rate 

Capability 

Ref. Current 

density 

(mA g-1) 

Initial 

Capacity 

(mAh g-1) 

Capacity 

retention(mAh 

g-1)/ cycling 

number 

Capacity 

(mAh g-1) 

@Current 

density 

(mA g-1)  

Li 

Graphene/SnS2 ~95 0.01-1.3 50 687 650/30 230@6400 [1] 

SnS2-RGO ~68.4 0.005-3.0 66 1077 896/40 934@660 [2] 

SnS2/graphene hybrid ~70 0.005-3.0 800 864 704/100 546@6400 [3] 

SnS2-RGO ~93.2 0.01-3.0 120 738 564/60 151@3000 [4] 

SnS2 on 3D graphene 53.7 0.01-2.0 1000 451 ~450/50 174@2000 [5] 

carbon-coated SnS2 87 0.0-1.2 50 707 668/50 ~590@1C [6] 

SnS2/SWCNT 34.9 0.01-3.0 1000 ~700 509/100 498@2000 [7] 

RGO/SnS2@C 86.2 0.005-3.0 100 992 908/200 656@3200 This work 

CNT/SnS2@C 77.1 0.005-3.0 100 1031 940/200 741@3200 This work 

 

Na 

SnS2 NC/EDA–RGO 75 0.01-3.0 200 749 680/100 250@11200 [8] 

SnS2/C Nanospheres 41 0.005-2.5 50 660 600/100 360@1000 [9] 

2D SnS2 nanosheets 100 0.005-3.0 100 733 647/50 435@2000 [10] 

SnS2/rGO 81 0.005-3.0 800 469 400/1000 337@12800 [11] 

Layered SnS2-RGO  0.01-2.5 200 630 628/100 544@2000 [12] 

SnS2/graphene 65.5 0.005-3.0 20 725 670/60 463@640 [13] 

SnS2‑rGO Composite 88 0.01-2.5 200 630 627/100 - [14] 

SnS2/graphene  0.01-2.5 200 650 610/300 326@4000 [15] 

RGO/SnS2@C 86.2 0.005-3.0 100 650 580/200 412@3200 This work 

CNT/SnS2@C 77.1 0.005-3.0 100 691 605/200 462@3200 This work 

*: The gravimetric capacity values are based on the active material including carbon and tin 

sulphide.  
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