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Characterization

The crystalline phases of the synthesized samples were analysed using X-ray diffraction (XRD) on a
PANalytical X'Pert Powder diffractometer operated in Gonio mode with Cu Kou radiation (A = 1.5406
A). Diffraction patterns were collected over a 20 range of 5°-80°, using a step interval of 0.05° and a
counting time of 0.5 s per step. The surface morphology and internal structure were examined using
Transmission Electron Microscopy (TEM, JEOL JEM-2100) and Field Emission Scanning Electron
Microscopy (FESEM, Zeiss Ultra 55), operated at 5 kV with a secondary electron detector. Elemental
composition was determined via Energy Dispersive X-ray Spectroscopy (EDX) at accelerating voltages
up to 15 kV. Raman spectroscopy (Jobin Yvon Horiba LABRAM-HR, 100-1000 nm range) was used
for preliminary phase confirmation. The surface electronic structure and chemical states were further

investigated using X-ray Photoelectron Spectroscopy (XPS, Thermo Scientific NEXSA) equipped with
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Fig. S1. Images of pure Ni foam, MXene/NF, NiMo precursor@MXene/NF, and Ni;S,/MoS,/NF, and
Ni;S,/MoS,@MXene/NF composites
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Fig. S2. (a) XPS survey spectrum of the Ni;S,/MoS,@MXene/NF composites



Electrochemical measurement

The as-prepared Ni;S,/MoS,@MXene/NF electrode was used directly without any binder,
conductive additives, or additional processing for electrochemical evaluation. A three-electrode
configuration was employed, with the hybrid electrode serving as the working electrode (mass loading
was estimated to be approximately 4.0 mg), a platinum wire as the counter electrode, and an Ag/AgCl
as the reference electrode. All measurements were performed in a 3 M KOH aqueous electrolyte. An
asymmetric supercapacitor (ASC) device was assembled using the Ni;S,/MoS,@MXene/NF electrode
as the cathode and activated carbon as the anode. A gel electrolyte composed of 3M KOH with
polyvinyl alcohol (PVA) was used, and a separator saturated in the gel was placed between the
electrodes. The electrodes were cut into 16 mm diameter discs, coated with the active material slurry,
and dried at 60°C in a vacuum oven. The ASC device was assembled in a CR2032 coin-cell
configuration and sealed using a hydraulic crimping machine under controlled pressure. To achieve
proper charge balance between the cathode and anode, the mass ratio of both electrodes was calculated

using the following relation ! :

m, C_XAV_

m- C, XAV,

(1

Where, C4+ and C- are the specific capacitance (F g'!), and AV and & - are the operating voltage

window (V) of the cathode and anode, respectively.

Electrochemical characterization was carried out in both three-electrode and two-electrode
configurations using a 3M KOH electrolyte. The techniques employed included cyclic voltammetry
(CV), galvanostatic charge-discharge (GCD), electrochemical impedance spectroscopy (EIS), cycling
stability tests, and Ragone plot analysis to evaluate charge storage behaviour, rate capability, and energy
density. The specific capacitance C (F g ') was calculated from CV and GCD curves using the following

equations: 2

From CV
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Where m is the current density (A g), At is the discharge time (s), AV is the voltage window (V)

Energy and power densities were calculated using the following relations:

1 2
E=——CAV

2 X 3.6 (4)

P = 3600 X% E/At (5)

Where E is the energy density (Wh kg), P is the power density (W kg'), C is the specific capacitance
(F g, AV is the voltage window (V), and At is the discharge time (s).
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Fig. S3. (a-c) FESEM images of Ni3S,/MoS,/NF hybrid electrode at different magnifications, showing
a uniformly interconnected nanosheet architecture anchored on the MXene surface. (d) FESEM image
showing the selected area used for EDX analysis. (¢) EDX spectrum confirming the presence of Ni,

Mo, and S elements, consistent with the formation of the Ni3S,/MoS,/NF hybrid structure.
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Fig. S4. (a-c) FESEM images of NiMo precursor@MXene/NF hybrid electrode at different

magnifications, showing a uniformly interconnected octahedra firmly anchored on the MXene surface.
(d) FESEM image showing the selected area used for EDX analysis. (¢) EDX spectrum further
confirming the presence of Ni, Mo, Ti and C elements, consistent with the formation of the NiMo

precursor@MXene/NF hybrid structure.
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Fig. S5. (a-c) FESEM images of Ni;S,/MoS,@MXene/NF hybrid electrode at different magnifications,
showing a uniformly interconnected nanosheet architecture anchored on the MXene surface. (d)
FESEM image showing the selected area used for EDX analysis. (¢) EDX spectrum confirming the
presence of Ni, Mo, S, Ti and C elements, consistent with the formation of the NizS,/MoS,@MXene/NF

hybrid structure.
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Fig. S6. Raman spectra of MXene/NF, Ni3S,/MoS,/NF, and Ni;S,/MoS,@M Xene/NF.
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Fig. S7. (a, b) CV curves at different scan rate and (c, d) GCD curves at different current densities of
MXene/NF and Ni;S,/MoS,/NF, respectively.
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Fig. S8. Electrochemical characterization of Ni;S,/MoS,@MXene/NF: (a) determination of b value

and
Scan rate (v) Charg(e As};egz;ration Currgll)t) ratio Diffusion coefficient (D)
2 0.146 1 7.67755 x 10!
5 0.203 1.09 3.64868 x 107!
10 0.265 1.02 1.59755 x 101!
20 0.3403 1.03 8.14512x 1012
30 0.4098 1.05 5.643 x 1012

calculation of k; and k.

Table S1: Calculation of diffusion coefficient (D) for Ni;S,/MoS,@MXene/NF in 3M KOH

(b)
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Fig. S9 XRD patterns of the Ni;S,/MoS,@MXene/NF electrode before and after electrochemical

cycling.

Table S2: Comparison of reported specific capacitance values of various electrode materials from the
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literature, alongside the specific capacitance achieved in this work.

Electrode material Electrolyte Specific capacitance Ref
NiS,/MoS, on Nickel foam 2 M KOH 4.46 F cm? at 5 mA cm? 3
NiS,@MoS, 6 M KOH 8482 Cglatl Ag! 4
NiSy/MoS,@rGO 6 M KOH 6453Fg'at0.5Ag! 3
graphene/NiS, 6 M KOH 478.1Fg'at0.5A g! 6,
MoS,-graphene 1 M Na,SO4 243.0F g'lat1 A g! 7
Hy-1T MoS,@Cu,S 2M KOH I1118Fglatl A g! 8
MoS, nanowires 1 M KOH 2440F g'at1 Ag! ?
NiO/NiS 3 M KOH 1386.7F-glatl A g'! 10
MoS,/MoO,@CNT 1 M KOH 2284Fglat0.5Ag! 1
Fe,03/MoS, 3M KOH 266F g 'at0.5A g! 12




MoS, nanoffﬁleets onMo N Na2SO4 | 192.7F g at 1 mA cm™ 13
Ni;S,/MoS,/NF 3M KOH 3417Cglatl Ag! 14
Ni;S,@MoS, 2M KOH 848 F glat 5 A g! is
1T/2H-MoS,@Ti;C,Ty 2 M KOH 116222 F g at1 A g! 1
Co0,4S3/Ni;S, @MoS, IM KOH 1238Fglat1 A g! 16
Ni;S,@MoS,/NF 6M KOH 12.6 F cm™? at 10 mA cm™ 17
Ni3Sy/MoS,@MXene/NF 3 M KOH 2310.0F g' at1 A g This Work

Table S3: Values of charge-transfer resistance and solution resistance for the investigated electrode
materials.

Electrode material Ret (Q) Rs (Q)
Ti;C,/NF 1.446 0.382
Ni;S,/MoS,/NF 62.59 0.688
Ni;S,/MoS,@Ti;C,/NF 0.277 0.035

Table S4: Comparison of reported energy and power density values of various supercapacitor systems
with those obtained in this study.

Electrode material Energy and Power density Ref
Ni;S,/MoS,@NF-9//RGO 26.9 Wh kg! at 375 W kg! 14
NiS2@MoS,//AC 37.2 Whkg' at 0.8 kW kg! 4
1 T/2H-MoS,@Ti;C,T,//AC 22.22 Whkg'at2880 W kg! 1
NiMoS4//AC 35 Wh kg! at 400 W kg! 18
s-MoS,//CNS 7.4Whkg'at3700 W kg™! 19
CuCo,04//AC 18 Whkg ! at 259 W kg! 20
Ni;S,@PPy//AC 17.54 Wh kg 'at 179.33 W kg™! 21
Cu,S/MoS,@CM@rGO//AC 36.9 Wh kg 'at 981.8 W kg 2
MoS,@CdS@GO//AC 40.69 Whkg! at 700 W kg™! 2
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11

12
13

14
15
16

17
18

RNMS-36//rGO 32.8 Whkg'at373.7 Wkg™! 2
Ni3S2/MWCNT-NC/AC 19.8 Whkg ! at 798 W kg'! 25 Ref
MXene-NiCo,S4//AC 27.24 Whkg ' at 480 W kg ! 2 flrcee
1T-MoSy/Ti;C, T, 12 Whkg 1at139.9 W kg'! 2 S
0-Ni;S,/Ti;Co/NF 30.4 Whkg ' at800 W kg'! 2 |
Ni;S,@NF//AC@NF 32 Whkg 'at210.8 Wkg! 29 "
e oire 29.1 Whkg ' at390 W kg™ 30 }’atg
NisS5/MoS,@MXene/NE/AC 46.66 Wh kgl at 2880 W kgl This work ggli
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