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Figure S1. (a) ESEM elemental mapping images of (b) C, (c) Co, (d) O, (e) S and (f) N.

Figure S2. (a) The Raman spectra of CS and NSCS.
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Raman spectrum was carried out to further investigate the graphitic and disordered 

nature of the Carbon sphere and N and S Doped carbon sphere (Figure S2). The Raman 

spectra of CS and NSCS contain peaks centered near 1350 cm−1 and 1592 cm−1, which are 

the D and G bands respectively, as shown in figure S2. The D band arises from the vibrations 

of carbon atoms with dangling bonds in plane terminations, and is thus related to the 

defects of graphitic carbon, whereas the G band arises from the vibrations of sp2 carbon 

atoms in the graphitic layer. The ratio of the integrated areas of the D and G bands (ID/IG) of 

CS and NSCS were estimated using Gaussian curve fit and found 2.6 and 2.8, respectively. [1, 

2]

Figure S3: Galvanostatic charge-discharge profiles of (a) CS (b) NSCS electrode at current 
density of 100 mAg-1.

The galvanostatic charge-discharge profiles of the CS and NSCS for first six cycles at a 
current density of 100 mAg-1 between 0.01-3 V are presented in the figure S3a and S3b. 
Specific discharge capacities for CS and NSCS are found to be around 251 and 317 mAhg-1 

respectively at second cycle. Higher specific discharge capacity of NSCS is due to the hetero 
atoms (N and S) in the carbon matrix.  The large initial capacity loss in both the samples can 
be attributed to the irreversible storage of Li-ions in to the carbon matrix and electrolyte 
decomposition resulting in to the formation of SEI film.

Figure S4a shows the Nyquist plots for NSCS-Co3O4 electrode in a fresh cell and after 10th, 
30th, 60th, 250th cycles of charge-discharge at 1 Ag-1 of current density. It can be seen in the 
impedance spectrum that the charge transfer resistance of the cell decreases after 10th 
cycle, whereas charge transfer resistance and Warburg impedance both increased after 30th 
and 60th cycles. This could be probably due to structural changes occurring in the electrode 
material for a few cycles after the activation process. The impedance spectrum taken after 
250 cycles shows two prominent semicircles, one at the higher frequency range 
corresponding to the SEI layer resistance and the one at mid frequency corresponding to 
charge transfer resistance. It is observed that after 250 cycles, both the Warburg as well as 
charge transfer resistance of the cell decreased on account of SEI layer formation with 



optimum thickness on the electrode surface and enhanced electronic/ionic transport due to 
electrolyte penetration leading to the increased specific capacity of the electrode. [3, 4] Thus, 
the impedance measurement of the cell at different levels of cycling validates the cycle life 
study. 

Figure S4: (a) Impedance spectra of NSCS-Co3O4 nanocomposite at different cycle number 
during cycling at 1 Ag-1 (b) TEM images and (c) SAED pattern of NSCS-Co3O4 nanocomposite 
electrode after 350 cycles at 1 Ag-1. 

Furthermore, figure S4b represents the TEM images of the NSCS-Co3O4 electrode 
cycled at 1 Ag-1 over 350 cycles. It can be seen that the morphology of the NSCS-Co3O4 
nanocomposites is still retained after a large number of charge-discharge cycles. A SAED 
pattern of the same electrode after the 350 cycles is presented in figure S4c; from the 
observations, it appears that the electrode material has partially retained its polycrystalline 
nature after 350 charge-discharge cycles.

Table S1. Comparative study of electrochemical performance of Co3O4 /Carbon composites 
as an anode for Li - ion battery.

Electrode Material Cycling stability Specific capacity
 (mAhg−1) Reference

Co3O4/nitrogen doped 
graphene

1328 mAhg-1 at 
0.1 A g−1, 200 cycle 700 (1 Ag−1) 5

Sandwich-like 
Co3O4/Graphene

 1113 mAhg-1, at 
0.2 A g−1,100 cycle 899.8 (1 Ag−1) 6
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