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Fig.S1: Elemental composition (a) S’N-NCS and (b) S’N-NCS -S-g-CN.

 

Supplementary Information (SI) for Materials Advances.
This journal is © The Royal Society of Chemistry 2025

mailto:kmparidakulamani@yahoo.com
mailto:kulamaniparida@soauniversity.ac.in


Figure S2. represents FTIR spectra of g-CN, S’N-NCS and S’N-NCS/S-g-CN.

Figure S3 represents FTIR spectra of g-CN, S’N-NCS and S’N-NCS/S-g-CN nanocomposite. 

The formation of g-C3N4 is clearly observed through FTIR spectra and the peak located at 805 

cm-1 could be due to the characteristics breathing mode of tri-s-triazine units. The peak 

appeared at around 1200-1650 can be typically assigned for breathing mode of CN 

heterocycles. [1] The broad band in the range 3000-3400 cm-1 can be ascribed to the stretching 

vibration of uncondensed amine group and surface adsorbed water molecule. For, S’N-NCS, 

the band appeared at 576, 647, 748 and 878 cm-1 are assigned for symmetrical stretching 

vibration of Co-S or Ni-S vibration of NiCo2S4. Moreover, an intense doublet peak at 1100 

cm-1 is due to bending vibration of sulfide groups present in S’N-NCS. [2] The peak appeared 

at 1385 and 1630 cm-1 might be due to the presence of residual interlayer nitrite anions and 

bending vibrations of adsorbed water molecules.[3] In S’N-NCS/S-g-CN nanocomposite 

characteristics peaks observed for g-C3N4 and for S’N-NCS ( NiCO2S4)  confirming   formation 

of S’N-NCS/S-g-CN nanocomposite. 



Figure S3. represents Raman spectra of NCO, S’N-NCS and S’N-NCS/S-g-CN.

To understand the crystal structure of the as prepared materials Raman spectroscopy has been 

carried out. Fig, S4 represent the Raman spectra of NCO, S’N-NCS and S’N-NCS/S-g-CN. 

For NCO, it shows peaks at 183, 463, 517, and 655 cm-1, which are due to F2g, Eg, F2g and 

A1g mode of NiCo2O4. From the spectrum of NCO, the only band observed for Ni-O and Co-

O, absence of other band confirming purity of NiCo2O4 (i.e NCO). [4 ] Spectrum for S’N-NCS 

(NiCo2S4) typically provide several prominent peaks. The peak appeared at around 150 cm-1 

can be ascribed due to the asymmetric bending of (S-Nitetra-S) bonds. The bending of (S-Nitetra-

S) causes Eg (218 and 240 cm-1) mode which may arise due to torsional mode of M-S bond 

and sulfur ring vibration. The peak around 434 and 460 Cm-1 (Eg) might be due to breathing 

mode involving in-plane and out-plane vibration of sulfur atoms. The observed band confirmed 

formation of NiCo2S4. [5,6] In case of S’N-NCS/S-g-CN, a plateau like spectrum noticed and 

it might be because of presence of g-CN which has weak efficiency towards Raman scattering. 

As S’N-NCS/S-g-CN possesses a remarkable amount of g-CN, it might be one of the possible 

causes to get plateau like spectrum.



Figure S4: N2 adsorption desorption isotherm of g-CN.

Figure S5 represents CV profile of S’N-NCS.



Figure S6 represents GCD profile of S’N-NCS.

 Figure S7 represents GCD profile of S-g-CN.



Table S1 represents the specific capacity of S'N-NCS, S-g-CN and S'N-NCS/S-g-CN at 

different current density.                       

                                                                                                  

Current Density (A/g) 1 2 4 6 8 10

S'N-NCS 242 208 202 189 179 158

S-g-CN 9 - - - - -
Specific 

Capacity 

(C/g) S'N-NCS/S-g-

CN
1034 972 904 827 766 732

Theoretical specific capacitance Calculation:

Theoretical capacitance has been calculated by using the following equation  

𝐶𝑡    =  
𝑛 × 𝑓

∆𝑉 × 𝑚

Where 

 n = number of moles of electrons transmitted per mole of active material (n=4)

f= faraday constant (96485 C/mol)

m= molar mass of active material (g/mol) [NiCo2S4 =304.793 g/Mol]

ΔV= potential (0.5)

                                                            2532.4 F/g
𝐶𝑡    =  

4 × 96485
0.5 × 304.8 

=

Table S2 Represents the comparison among the various NiCo2S4 based electrode materials with our 

work. 

Materials Specific Capacitance (C/g or F/g) Electrolyte Ref.

NiCo2S4@NiMoO4 1035 F g−1 at 1 A g−1 3 M KOH 

aqueous 

7



electrolyte.

Hollow C-NiCo2S4 1722 F g−1 / 688.8 C g-1 at   1 A g−1 6 M KOH 

solution

8

Mesoporous NiCo2O4 and 

NiCo2S4

1296 F g-1 at a current density of 1 

A g-1

1 M KOH 9

Glycine-assisted 

hydrothermal synthesis of 

NiCo2S4

675 F g-1 at 1 A g-1 6M KOH 10

NiCo2S4/S-doped g-C3N4 351.0 F g-1 at 1 A g-1 2M KOH 11

NiCo2S4 nanosheets on 

porous g-C3N4 nanosheets

506 C g-1 at 1 A g-1 2M KOH 12

Sulfur vacancy mediated 

N-NiCo2S4 /S-g-C3N4

1034 C g-1 at 1A g-1 in 2M KOH Our 

work
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