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DFT Studies:

DFT calculation was studied using the CASTEP module in Materials 
Studio 2020. Generalized Gradient Approximation (GGA) and 
Perdew–Burke–Ernzerhof (PBE) were used to find out the band 
structure and density of states (DOS) of the developed structure. TS 
was used for DFT-D correction. Also, 380 eV was kept for the kinetic 
energy cutoff with a 2 x 2 x 3 k-point grid for geometry optimization 
and energy calculations. In order to prevent the formation of bulk 
aggregates, the cubic arrangement has also been downscaled to 
nanostructured domains, thereby facilitating effective interfacial 
coupling on the CNF support. This has resulted in enhanced active site 
exposure, as well as improved catalytic performance. Norm-
conversing pseudopotential was used to understand the interactions 
between the electron and the ion core. All simulations were studied at 
2 x 10-5 energy convergence with 0.05 and 0.002 maximum atomic 
forces and displacement.

HER and OER reaction co-ordinates were evaluated based on the 
following steps.

HER pathway

Mechanism for HER is represented by the following equation.

H+ + e-→ H*

NiSx-CNF + H* →NiSx-CNF +1/2H2

OER Path way:

Mechanism for OER is shown by the following figure 

Fig. S1: Schematic representation of the OER mechanism.

For computational Gibbs free energy HER reactions, the 
computational hydrogen electrode (CHE) model was applied. The 
electron-hole pair transfer was included using the equations of ΔGn 
(U) = ΔGn(0) + neU, where n is (H+ + e). Therefore, a chemical 
potential of 0.5 H2 was applied to equate the (H+ + e) combination at 
0 V of RHE at standard conditions. The Gibbs free energy was 
calculated using ΔG = EDFT +ZPE – TS, where EDFT, ZPE, TS, and 
Esolv are DFT-calculated, zero-point, and entropic energy values, 
respectively.

Determination of Tafel slopes and electrochemical active surface 
area (ECSA):

The Tafel slope was calculated via the subsequent equation:
η = a + blog(j)

In this expression, η signifies the overpotential, a is the intercept 
associated with the exchange current density (j₀), b represents the 
Tafel slope, and j defines the current density.

Electrochemical active surface area (ECSA):

The ECSA was evaluated by calculating the double-layer capacitance 
(Cdl) from cyclic voltammetry (CV) curves recorded within the non-
Faradaic region at different scan rates. For HER and OER studies, the 
non-Faradaic potential range selected was from 0.1 to 0.2 V and 1.08 
to 1.18. The Cdl was determined using the following equation:

Cdl =
 
∣𝑗𝑎𝑛𝑜𝑑𝑖𝑐​ ‒ 𝑗𝑐𝑎𝑡ℎ𝑜𝑑𝑖𝑐​∣​
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where janode and jcathode denote the anodic and cathodic current 
densities, respectively, and v represents the scan rate. The ECSA was 
then calculated using the equation:

ECSA =
 

𝐶𝑑𝑙​
𝐶�_𝑠

Here, Cs is the real capacitance of a standard surface, typically 
ranging from 20 to 60 μF/cm² in 1 M KOH solutions for most 
transition metal compound-based materials. In this study, a standard 
value of 40 μF/cm² was employed for Cs.

Determination of Turnover Frequency:

The TOF (s⁻¹) is determined using the subsequent equation:

TOF =
 

𝐼
𝑚𝑁𝐹

In this context, “I” signifies the current at a specified applied potential, 
“N” indicates the number of moles of active sites on the electrode 
surface (mol), “F” represents the Faraday constant (C mol⁻¹), and “M” 
defines the number of transferred electrons (where M = 2 for the HER 
and M = 4 for the OER).

N =    = =  = 
 

𝑄
2𝐹

𝐼 ∗ 𝑡
2𝐹

𝐼 ∗ 𝑉/𝑢
2𝐹

𝑄
2𝐹 ∗ 𝑢

Where Q denotes the integrated effective area in cyclic voltammetry 
(CV), F signifies Faraday's constant, and μ indicates the scan rate (20 
mV s⁻¹).

Determination of Mass Activity

Mass activity quantitatively assesses catalytic performance, defined 
as the current produced per gram of catalyst at a specified 
overpotential. The calculation was performed utilising the 
relationship:

Mass activity =
 

𝐼
𝑚

where I represent the current (A) at a designated voltage and m 
denotes the mass of catalyst deposited on the electrode.
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Fig. S2: Pore size distributions of Ni@CNF composites.

Fig. S3: FTIR spectra of (a) Ni@CNF composites with varying Ni 
concentrations, showing characteristic peaks for Ni, C–N, and C≡N 
groups. (b) NiSₓ–CNF-3, highlighting the presence of NiS/Ni₃S₄, Ni, 
C–N, and C≡N functional groups.

Fig. S4:  SEM images, EDS spectra, and elemental mapping of 
Ni@CNF composites: (a) Ni@CNF-0.2, (b) Ni@CNF-0.4, and (c) 
Ni@CNF-0.6; (a1), (b1), and (c1) represent the corresponding EDS 
spectra; (a2), (b2), and (c2) show elemental mapping of C, N, and Ni, 
confirming uniform distribution within the nanofiber structure.
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Fig. S5: SEM images of NiSx-CNF composites: (a) NiSx-CNF-1, (b) 
NiSx-CNF-2, (c) NiSx-CNF-3, and (d) NiSx-CNF-4, showing the 
nanofiber morphology and distribution of nickel sulfide particles.

Fig. S6: EDS spectra of (a) NiSx-CNF-1, (b) NiSx-CNF-2, and (c) 
NiSx-CNF-4, showing the elemental composition of C, N, S, and Ni.

Fig. S7: XPS survey spectra of NiSx-CNF composites: (a) NiSx-CNF-
1, (b) NiSx-CNF-2, (c) NiSx-CNF-3, and (d) NiSx-CNF-4.

Fig. S8: Deconvoluted XPS S 2p spectra of NiSx-CNF composites: 
(a) NiSx-CNF-1, (b) NiSx-CNF-2, (c) NiSx-CNF-4.

Fig. S9: Deconvoluted XPS C 1s spectra of NiSx-CNF composites: 
(a) NiSx-CNF-1, (b) NiSx-CNF-2, (c) NiSx-CNF-3, and (d) NiSx-
CNF-4.
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Fig. S10: Deconvoluted XPS N 1s spectra of NiSx-CNF composites: 
(a) NiSx-CNF-1, (b) NiSx-CNF-2, (c) NiSx-CNF-4

Table S1: Phase Fractions of Ni, NiS and Ni3S4 in various NiSₓ-CNF 
Composites.

Fig. S11: Electrocatalytic performance of Ni@CNF composites: (a) 
Polarization curves and (b) corresponding Tafel plots for Ni@CNF-
0.2, Ni@CNF-0.4, and Ni@CNF-0.6.

Fig. S12: (a) OER EIS (Electrochemical Impedance Spectroscopy) 
Nyquist plots of the catalysts.

Fig. S13 EIS fitting data plots for (a) HER and (b) OER, showing 
charge transfer resistance (Rct) and solution resistance (Rs).

Fig. S14: Cyclic voltammetry for HER curves at different scan rates 
for (a) NiSx-CNF-3, (b) NiSx-CNF-4, (c) NiSx-CNF-1, and (d) NiSx-
CNF-2.
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Fig. S15: Cyclic voltammetry curves for OER at different scan rates 
for (a) NiSx-CNF-1, (b) NiSx-CNF-2, (c) NiSx-CNF-3, and (d) NiSx-
CNF-4.

Fig. S16: ECSA values for NiSₓ–CNF composites in (a) HER and (b) 
OER.

Fig. S17. TOF values of (a) HER and (b) OER for all the prepared 
catalysts at an overpotential of η = 227 mV and η = 520 mV.

Fig. S18. Mass activity curves of (a) HER and (b) OER for NiSx-
CNF-1, NiSx-CNF-2, NiSx-CNF-3, and NiSx-CNF-4 catalysts at 
various overpotentials

Fig. S19: Post-HER activity XPS analysis of NiSx-CNF composites 
showing the deconvolution peaks for Ni 2p, Ni 1s, C 1s, and S 2p 
regions.

Fig. S20: Post-OER activity XPS analysis of NiSx-CNF composites 
showing the deconvolution peaks for Ni 2p, Ni 1s, C 1s, S 2p, and O 
1s regions.

Fig. S21 (a) Optimized structure, (b) Band structure, and (c) DOS of 
Ni3S4.
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Fig. S22 (a) Optimized structure, (b) Band structure, and (c) DOS of 
NiS.

Fig. S23 represent DOS of Ni.

Fig. S24 (a) Optimized structure, (b) Band structure, and (c) DOS of 
Ni/Ni3S4/NiS.

Table S2: Comparison of HER performance of NiSx-CNF-3 with 
previously reported catalysts.

Electrode Electroly
te

η

(mV@mA/c
m2)

TSHER

(mV/de
c)

Ref.

NiSx-CNF-3 1.0 M 
KOH

88@10 34 Thi
s 
wor
k 

Cu2S-Ni3S2 1.0 M 
KOH

149@10 75.89 1

Cox/Ni3S2@NFC
OS

1.0 M 
KOH

204@10 113.13 2

Mn-NiS 1.0 M 
KOH

99@10 64.8 3

CoMoP/Ni3S2 1.0 M 97@10 63 4

KOH

NiAl-
LDH/Ni3S2/NF

1.0 M 
KOH

209@10 68.7 5

Vs-Ru-Ni9S8 1.0 M 
KOH

94@10 69.8 6

NF@G-5@Ni3S2 1.0 M 
KOH

119@10 64.8 7

α-
NiS@NDCDs/NF

1.0 M 
KOH

173@10 81 8

NCDs/Ni3S2/NF 1.0 M 
KOH

149@10 72 9

Ni/NiS/P,N,S-Rgo 1.0 M 
KOH

155@10 135 10

Ni/Ni3C/C-NCNT 1.0 M 
KOH

184@10 98.7 11

N-doped NiMoS 1.0 M 
KOH

68@10 86 12

NiS/Ni3S4/GCW 1.0 M 
KOH

91@10 89 13

Fe11.1%-Ni3S2/NF 1.0 M 
KOH

89@10 89 14

Ni3S2@MoS2/Fe
OOH

1.0 M 
KOH

95@10 85 15

FeMoS2/Ni3S2/NF-
2

1.0 M 
KOH

131@10 113 16

Ni3S2-S 1.0 M 
KOH

240@10 96 17

CoP/NCNHP 1.0 M 
KOH

115@10 66 18

Co-NC/CF 1.0 M 
KOH

157@10 109 19

Table S3: Comparison of OER performance of NiSx-CNF-3 with 
previously reported catalysts.

Electrode Electro
lyte

η 
(mV@mA
/cm2)

TSHE

R

(mV/
dec)

Stabi
lity 
(h)

Ref.

NiSx-CNF-
3

1.0 M 
KOH

330@10 45 55 This 
work
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NiS/NF 1.0 M 
KOH

335@50 89 20 20

W2N/WC 1.0 M 
KOH

320@10 122 - 21

Cu50Ni50 1.0 M 
KOH

318@10 63 20 22

NiS/NiS2 1.0 M 
KOH

358@10 - 36 23

W-
CoS1.097/Co
Se2

1.0 M 
KOH

400@10 21.3 24 24

Ag2O/NiO 1.0 M 
KOH

430@10 98 30 25

NiFeII-
PBA

1.0 M 
KOH

285@10 53.1 12 26

Ni–Co3O4 1.0 M 
KOH

310@10 59 10 27

NiCoO4 1.0 M 
KOH

350@10 43 - 28

Spinel 
NiCo2O4 
nanoflower
s

on graphene

1.0 M 
KOH

383@10 137 1 29

Table S4: Comparison of Overall water splitting performance of 
NiSx-CNF-3 with previously reported catalysts.

Catalyst Cell 
Voltag
e (V) at
10 
mA/c
m2

Journal 
name

Publicati
on Year

Ref.

Ru-Ni3S2/NF 1.67 V Materials 
Science & 
Technology

2025 30

MoS₂-NixS₆/NF 1.67 International 
Journal of 
Hydrogen 
Energy

2025 31

NMS 1.69 ACS Applied 
Energy 
Materials

2025 32

Fe/W-Ni₃S₂ 1.69 Small 2024 33

CuCo₂S₄/NiCo₂
S₄

1.66 International 
Journal of 
Hydrogen 
Energy

2024 34

S-NiFe-LDH 1.67 Journal of 
Alloys and 
Compounds

2024 35

Sv-Co₃S₄/MoS₂ 1.67 Inorganic 
Chemistry

2023 36

P–CoMoOTe₂ 1.68 International 
Journal of 
Hydrogen 
Energy

2025 37

Ni₃S₂@MnO₂@
NF

1.68 ChemSusChe
m

2026 38

MoS₂/NiFe₂O₄ 1.69 International 
Journal of 
Hydrogen 
Energy

2024 39

Co@CNR 1.66 ACS 
APPLIED 
NANO 
MATERIALS

2025 40

Fe₀.₉₅S₁.₀₅ 1.68 International 
Journal of 
Energy 
Research

2023 41

NiSx-CNF-3 1.65 This 
wor
k
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