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Fig. S1 (a) Schematic structure of Na/Sn cell for electrochemical cycling.
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Table S1. Electrochemical performance of Sn based anode for sodium ion batteries.

Active material

First 
reversible 
capacity
mAh g-1

C-rate for 
Cycling

Specific capacity 
after cycling

mAh g-1 (cycles)

Long term cycleability
mAh g-1 (cycles)

High rate performance
mAh g-1(current density) Ref.

Sn nanopowder 
(<150nm) 758 50 mA g-1 21 (10 cycles) 500 (20 cycles) 　 1

Sn/C (Sn-graphite) 410 50 mA g-1 ~359 (20 cycles) ~359 (20 cycles) 　 2

Sn/woodfiber paper 339 1/10 C 145 (400 cycles) 145 (400 cycles) ~180 (1 C) 3

C/Sn/Ni/TMV1cys 
nanoforest 730 50 mA g-1 405 (150 cycles) 405 (150 cycles) 　 4

Al2O3/SnNPs@CNF 625 84.7 mA g-1 650 (40 cycles) 650 (40 cycles) 　 5

Sn film 618.61 50 mA g-1 608 (40 cycles) 608 (40 cycles) 　 6

Sn-C nanocomposite 238 12.2 mA g-1 170 (150 cycles) 170 (150 cycles) 88 (610 mA g-1) 7

Sn nanofibers 816.37 84.7 mA g-1 776.26(100 
cycles) 776.26 (100 cycles) 280 (5 C) 8

Sn nanoparticle 610 1/10 C 621 (10 cycles) 621 (10 cycles) 　 9

carbonized paper 
decorated with Sn-C 

nanospheres
232 10 mA g-1 ~60 (100 cycles) ~60 (100 cycles) ~25 (80 mA g-1) 10

Sn-C deflated sphere 163 10 mA g-1 ~25 (100 cycles) ~25 (100 cycles) ~10 (80 mA g-1) 11

hollow Sn nanoparticles ~600 20 mA g-1 220 (50 cycles) 220 (50 cycles) 142 (400 mA g-1) 12

Sn powder 400 5 mA g-1 ~360 (10 cycles) ~360 (10 cycles) 　 13

Sn-doped TiO2 
nanotubes ~235 50 mA g-1 257 (50 cycles) 103 (700 cycles) 106 (5 A g-1) 14

Sn nanodots 
encapsulated in porous 

N-doped carbon
631 200 mA g-1 580 (300 cycles) 483 (1300 cycles,

2000 mA g-1) 450 (10000 mA g-1) 15

Sn-C 493.6 200 mA g-1 445 (200 cycles, 
500 mA g-1)

415 (500 cycles,
1000 mA g-1) 349 (4000 mA g-1) 16

Sn-RGO-graphene 615 1/2 C 515 (50 cycles) ~400 (100 cycles) ~160 (20 C) 17

Sn nanopowder 
(<150nm) 714 25 mA g-1 640 (100 cycles) 640 (100 cycles) 　 18

Sn-graphene film 366 50 mA g-1 324 (30 cycles) 324 (30 cycles) ~100 (400 mA g-1) 19

Sn nanopowder 
(<150nm) 674 1/2 C 519 (500 cycles) 519 (500 cycles) 　 20

micro-sized Sn 800 250 mA g-1 768 (100 cycles) 768 (100 cycles) 622 (2 C) 21

porous carbon 
nanocage-Sn 

nanocomposite
828 40 mA g-1 583 (200 cycles) ~100 (1000 cycles,

2560 mA g-1) 188 (2560 mA g-1) 22

graphene/Sn-C 434.2 100 mA g-1 413 (100 cycles) 413 (100 cycles) 106 (3200 mA g-1) 23

mutilayered 2D Sn 
nanodendrites ~750 100 mA g-1

757.38 (300 
cycles, 100 mA g-

1 = 0.12C)

757.38 (300 cycles,
100 mA g-1 = 0.12C) 412.84 (5 C) 24

Sn-nitrogen doped 
carbon nanofibers ~880 1/10 C 601 (200 cycles) 390 (1000 cycles, 1C) 190 (5 C) 25

Sn-CMK3 412 100 mA g-1 337 (200 cycles) 337 (200 cycles) 228 (1000 mA g-1) 26

Sn-CNF 220 1/10 C 189 (45 cycles) ~50 (1400 cycles) 24 (5 C) 27

Present work 555 10 C 554 (5000 
cycles) 554 (5000 cycles)

619 (8 C)
299 (16 C)
154 (32 C)
45 (64 C)



Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A. This journal is © The Royal Society of 

Chemistry 2018

1 10 100 1000 10000 1000000

200

400

600

800

 

 

 Previous reports
 present works

Ca
pa

ci
ty

 (m
Ah

 g
-1
)

Current density (mA/g)

2

18
1
4

6
5
9

10
11

20

12
197

3
26

21

22

23
17

15
24

16

8

25

13

27

14

Fig. S2 Comparison of rate capability of Sn anode with previously reported values. The marked numbers on symbol 
are cited reference number.
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Fig. S3 (a) Rate-capability and (b) discharge-charge curves of Sn anode at a constant discharge current density of 0.1 
C-rate.
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Fig. S4 Comparison of cycleability of Sn anode with previously reported data. The marked numbers on symbol are 
cited reference number.
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Fig. S5 Discharge-charge curves of the Sn anode over 5000 cycles.
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Fig. S6 Rate capability of the Sn anode with Super-P as the conductive additive, instead of MWCNT conductive 
additive.
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Fig. S7 SEM images, EDS spectra and Sn elemental mapping image of the glass fiber filter.
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Fig. S8 (a) Cycle properties and (b) Nyquist plots of the Sn anode with 1 M NaPF6 in EC/DEC (1:1, volume ratio) as 
the electrolyte at 1 C-rate.
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Fig. S9 SEM images of the Sn anodes, EDS mapping images and EDS spectra (red points in BSE image) of 
elemental Sn. SE is the secondary electron image and BSE is the backscattered electron image. All scale bars 

represent 40 μm.
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Figure S10. TEM image of MWCNT on the Sn particle.



Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A. This journal is © The Royal Society of 

Chemistry 2018

References

1. S. Komaba, Y. Matsuura, T. Ishikawa, N. Yabuuchi, W. Murata and S. Kuze, Electrochem. Commun., 2012, 21, 

65-68.

2. M. K. Datta, R. Epur, P. Saha, K. Kadakia, S. K. Park and P. N. Kumta, J. Power Sources, 2013, 225, 316-322.

3. H. Zhu, Z. Jia, Y. Chen, N. Weadock, J. Wan, O. Vaaland, X. Han, T. Li and L. Hu, Nano Lett., 2013, 13, 3093-

3100.

4. Y. Liu, Y. Xu, Y. Zhu, J. N. Culver, C. A. Lundgren, K. Xu and C. Wang, ACS Nano, 2013, 7, 3627-3634.

5. X. Han, Y. Liu, Z. Jia, Y. C. Chen, J. Wan, N. Weadock, K. J. Gaskell, T. Li and L. Hu, Nano Lett., 2014, 14, 139-147.

6. D.-H. Nam, K.-S. Hong, S.-J. Lim, T.-H. Kim and H.-S. Kwon, J. Phys. Chem. C, 2014, 118, 20086-20093.

7. D. Bresser, F. Mueller, D. Buchholz, E. Paillard and S. Passerini, Electrochim. Acta, 2014, 128, 163-171.

8. D.-H. Nam, T.-H. Kim, K.-S. Hong and H.-S. Kwon, ACS Nano, 2014, 8, 11824-11835.

9. K. Dai, H. Zhao, Z. Wang, X. Song, V. Battaglia and G. Liu, J. Power Sources, 2014, 263, 276-279.

10. W. Chen and D. Deng, Carbon, 2015, 87, 70-77.

11. W. Chen and D. Deng, ACS Sustain. Chem. Eng., 2014, 3, 63-70.

12. Y. Cheng, J. Huang, R. Li, Z. Xu, L. Cao, H. Ouyang, J. Li, H. Qi and C. Wang, Electrochim. Acta, 2015, 180, 227-

233.

13. J. Wang, C. Eng, Y. K. Chen-Wiegart and J. Wang, Nat. Commun., 2015, 6, 7496.

14. D. Yan, C. Yu, Y. Bai, W. Zhang, T. Chen, B. Hu, Z. Sun and L. Pan, Chem. Commun., 2015, 51, 8261-8264.

15. Y. Liu, N. Zhang, L. Jiao and J. Chen, Adv. Mater., 2015, 27, 6702-6707.

16. Y. Liu, N. Zhang, L. Jiao, Z. Tao and J. Chen, Adv. Funct. Mater., 2015, 25, 214-220.

17. Y. Jeon, X. Han, K. Fu, J. Dai, J. H. Kim, L. Hu, T. Song and U. Paik, J. Mater. Chem. A, 2016, 4, 18306-18313.

18. M. Fukunishi, N. Yabuuchi, M. Dahbi, J.-Y. Son, Y. Cui, H. Oji and S. Komaba, J. Phys. Chem. C, 2016, 120, 

15017-15026.

19. F. Pan, W. Zhang, J. Ma, N. Yao, L. Xu, Y.-S. He, X. Yang and Z.-F. Ma, Electrochim. Acta, 2016, 196, 572-578.

20. C. Kim, K.-Y. Lee, I. Kim, J. Park, G. Cho, K.-W. Kim, J.-H. Ahn and H.-J. Ahn, J. Power Sources, 2016, 317, 153-

158.

21. B. Zhang, G. Rousse, D. Foix, R. Dugas, D. A. D. Corte and J.-M. Tarascon, Adv. Mater., 2016, 28, 9824-9830.

22. S. Chen, Z. Ao, B. Sun, X. Xie and G. Wang, Energy Storage Mater., 2016, 5, 180-190.

23. B. Luo, T. Qiu, D. Ye, L. Wang and L. Zhi, Nano Energy, 2016, 22, 232-240.

24. T.-H. Kim, K.-S. Hong, D. R. Sohn, M. J. Kim, D.-H. Nam, E. A. Cho and H. S. Kwon, J. Mater. Chem. A, 2017, 5, 

20304-20315.

25. M. Sha, H. Zhang, Y. Nie, K. Nie, X. Lv, N. Sun, X. Xie, Y. Ma and X. Sun, J. Mater. Chem. A, 2017, 5, 6277-6283.

26. L. Luo, H. Qiao, W. Xu, D. Li, J. Zhu, C. Chen, Y. Lu, P. Zhu, X. Zhang and Q. Wei, J. Solid State Electrochem., 

2017, 21, 1385-1395.

27. M. K. Sadan, S.-H. Choi, H. H. Kim, C. Kim, G.-B. Cho, K.-W. Kim, N. S. Reddy, J.-H. Ahn and H.-J. Ahn, Ionics, 

2017, 24, 753-761.


