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Figure S1. TGA curves of nickel ethyl xanthate (1), copper ethyl xanthate (2), and cobalt ethyl
xanthate (3).
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Figure S2. The extended portion of the diffraction patterns of Ni(;_(Cu,Co,S4 (x = 0, 0.2, 0.4,
0.6, 0.8, and 1) showing the shift in peak positions.
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Figure S3. SEM images of Ni(;_(Cu,Co,S4 (x =0, 0.2, 0.4, 0.6, 0.8 and 1) nanoparticles taken at
10.00 KX.
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Figure S4. TEM images of Ni(;.,,Cu,Co,S4 nanoparticles synthesized at x =0 (a), x =0.2 (b), x

=0.4(c), x=0.6(d), x=0.8 (¢) and x = 1 (f).
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Figure S5. EDX spectra of Ni,_,

0.6 (d), x=0.8 (e), and x = 1 ().
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Cu Co,S, synthesized at x =0 (a),x=0.2 (b),x=0.4 (c), x =




Table S1. Theoretical and experimental atomic percentage compositions of Ni

=0,0.2,0.4,0.6,0.8 and 1).

(H)CuxCo2S4 (x

Copper Theoretical Composition (Atomic %) | Experimental composition (Atomic %)
mole
fraction (x) Ni Co Cu S Ni Co Cu S

0 14.29 | 28.57 0 57.14 17.61 | 28.64 0 53.75

0.2 11.43 28.57 2.86 57.14 12.05 | 28.96 3.04 55.95

0.4 8.57 28.57 5.71 57.14 9.13 29.56 6.44 54.87

0.6 5.71 28.57 8.57 57.14 5.84 29.63 8.67 55.86

0.8 2.86 28.57 11.43 57.14 3.62 28.20 12.4 55.78

1 0 28.57 14.29 57.14 0 30.92 11.6 57.48
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Figure S6. Cyclic voltammograms of (a) NCS, (b) NCCS-1, (¢c) NCCS-3, (d) NCCS-4, and (e)
CCS in KOH at various scan rates of 2-300 mV/s.
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Figure S7. GCD curves of NCS, NCCS-1, NCCS-3, NCCS-4, and CCS at various current
densities of 1-30 A/g in KOH.
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Table S2. A comparison of the specific capacitance of the NCS and NCCS-2 electrodes with

some previously reported nickel and cobalt sulfide-based materials electrode materials.

Specific
Electrode material Electrolyte capacitance Reference
(F/g)
B-NiS 3 M KOH 501.5 (1]
NiCo,S,4 3 M KOH 1298 21
NiCo,S4 nanoplates 3 M KOH 437 (3]
NiCo,S,@PPy 5 M KOH 1606.6 (4]
Activated carbon@
3 M KOH 651.1 5]
NiCo,S4
Cu-doped
NiCo,S,/graphite 2 M KOH 3080 (6]
NiCo0,S4@MnO, 3 M KOH 520.7 7]
NiCo0,S4/CoySg 3 M KOH 2180 (8]
NiCo,S4@NiMoO, 6 M KOH 1487.6 %]
CuCo,S4 2 M KOH 515 (10]
CoMoO,@ CuCo,S, 3 M KOH 1414 [11]
CuCo,S,/polyacrylonitrile 6 M KOH 385 (12]
CuCo,5/CNTs 2 M KOH 557.5 (13
CuCo,S:@LDH 6 M KOH 1876 [14]
CuCo,S4 2 M KOH 373.4 [13]
CuCo,S4/RGO 3 M KOH 525 [15]
CuCo,S4 2 M KOH 424 [16]
NCS 3 M KOH 838 This work
NCCS-2 3 M KOH 770 This work

S8



Table S3. Comparison of NCCS-3 HER parameters electrode with other nickel and cobalt

sulfide-based materials

Name Electrolyte Tafel slope Overpotential (mV) Reference
(mV/dec) @10 mA/cm?
Ni;S, 1 M KOH 87 230 mV (17]
NiS,/rGO 0.5 M H,SO, 52 200 (18]
CooSs-Ni,S, 1 M KOH 88 163 mV (17]
CoS,/RGO-CNT 0.5 M H,SO, 51 142 mV (19]
Ni-Co-S 1 M phosphate 70 280 mV 20]
solutions

CoN1i,S, nanorod 1 M KOH 53 111 [21]
CuCo0,S4/NiCo0,S,4 1 M KOH 90 206 [22]
FeO@CuCo,S4 1 M KOH 136 107 (23]
NiCo,S, nanowires 1 M KOH 37 41 [24]
NICOQS4@NCNF 05M HzSO4 - 117 (25]
NiCo,S4;@NiCoP 1 M KOH 53 108 [26]
NiCo,S, 1 M KOH - 282 mV [27]
CoNi,Sy 1 M KOH 85 255 (28]
CuCo,S4 0.5 M H,SO, 140 363 mV (29]

NCCS-3 1 M KOH 150 124 mV This work
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Figure S8. 15t and 1k cycle HER polarization curves for NCS, NCCS-1, NCCS-2, NCCS-4, and
CCS in KOH.
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Figure S9. Nyquist plot of NCS, NCCS-2, NCCS-3, NCCS-4, and CCS at various potential (vs

SCE) in KOH.
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Figure S10. 15t and 1k cycle OER polarization curves for NCS, NCCS-2, NCCS-3, NCCS-4, and
CCS in KOH.
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Table S4. Comparison of OER parameters NCCS-1 with other nickel and cobalt sulfide-based

materials.
Name Electrolyte Tafel slope Overpotential (mV) Reference
(mV/dec) @10 mA/cm?
NiSx 1 M KOH 56 408 mV (30]
Ni;S; NWs/Ni 1 M KOH 84.8 317 (31]
Co-S nanosheets 1 M KOH 64 361 mV [32]
Co9Sg-CuS-FeS 1 M KOH 79 300 mV (33]
NiCoS 1 M KOH 73.7 ~410 mV [34]
NiCo,S4 1 M KOH 72 309 (331
NiCoS/Ti;C, Ty 1 M KOH 58 365 mV (34]
NiCo,S4 NN/CC 1 M KOH 84 316 [36]
NiCo,S, sphere 0.1 M KOH 65 > 500 mV [37]
MoS,/NiCo0,S4/NF 1 M KOH 52 220 [38]
Fe-doped a-NiS 1 M KOH 79 266 [39]
CuCo,S4/g-C3Ny 1 M KOH 242 [40]
CuCo,S4 1 M KOH 86 310 mV [41]
CuCo,S, 1 M KOH 115 395 (421
NCCS-1 1 M KOH 47 268 mV This work
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