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Figure S1: Mechanism of the selected electrode materials based on their redox-active components.

  

Figure S2: EDX results of (a) NiO, (b) NiSx, and (c) NiSx/NiO/MoS2 (x = 1, 2) heterostructure. 
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Figure S3: (a) CV curves at 5 mV/s, and (b) GCD plots at 1 A/g of all NiO, NiSx, and 
NiSx/NiO/MoS2 (x = 1, 2) heterostructure.

Figure S4: SEM images of (a) NiO, (b) NiSx, and (c) NiSx/NiO/MoS2 (x = 1, 2) heterostructure.



Figure S5: Schematic illustration of the synthesis route of the NiSx/NiO/MoS2 (x = 1, 2) 
heterostructure.

Figure S6: LVS results of the prepared composite before and after the stability test of 
NiSx/NiO/MoS2 (x = 1, 2) heterostructure.



Figure S7: Schematic diagram of the symmetric supercapacitor device

Table S1: A comparative table that highlights the key features of H2SO4 and other commonly used 
hydrogen-based electrolytes

Electrolyte pH Proton 
conductivity 

(S/cm)

Redox 
kinetics

Corrosiveness Common use in

1 M H2SO4 ~ 0.3 ~ 0.08 Fast Moderate Supercapacitors, 
HER/OER

1 M HCl ~ 0.1 ~ 0.09 Fast High HER, acid corrosion 
studies

1 M HNO3 ~ 0.3 ~ 0.07 Moderate High Catalysis, oxidation 
studies

1 M CH3COOH ~ 2.4 ~ 0.002 Slow Low Organic/biochemical 
systems



Table S2: Comparison of the overpotential, specific capacitance, synthesis method, and 
performance notes of NiSx/NiO/MoS2 (x = 1, 2) heterostructure with literature.

Material Overpotential 
at 10 mA/cm2 

(mV)

Specific 
Capacitance 

(F/g)

Synthesis 
Method

Performance 
Notes

Reference

NiS/NiS2 
composite with 
layered structure

180 95 Hydrothermal NiS/NiS2 
composite 
exhibits excellent 
HER activity and 
stability

[1]

NiO/NiS2/MoS2 
ternary 
composite with 
tunable sulfur 
vacancies

120 115 Hydrothermal NiO/NiS2/MoS2 
composite 
provides high 
stability and low 
overpotential

[2]

NiS/MoS2 
composite with 
MoS2 edges 
exposed

150 125 Chemical bath 
deposition

Enhanced HER 
efficiency due to 
the exposed 
MoS2 edges

[3]

NiS
x
/NiO/MoS2 166 428.2425 Hydrothermal Our work
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