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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 ¢V 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*

NiS,-CNF + H* —NiS,-CNF +1/2H,
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OER Path way:

Mechanism for OER is shown by the following figure
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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 AGn
(U) = AGn(0) + neU, where n is (H* + e). Therefore, a chemical
potential of 0.5 H, was applied to equate the (H" + ¢) combination at
0 V of RHE at standard conditions. The Gibbs free energy was
calculated using AG = 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:
n =a+ blog(j)

In this expression, 1 signifies the overpotential, a is the intercept
associated with the exchange current density (jo), 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

(Cgqp) 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 Cy was determined using the following equation:

|janodic - jcathodic|
2v

Ca=
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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:

cdl
ECSA =CHB_s

Here, Cg is the real capacitance of a standard surface, typically
ranging from 20 to 60 pF/cm? in 1 M KOH solutions for most
transition metal compound-based materials. In this study, a standard

value of 40 uF/cm? was employed for Cg.

Determination of Turnover Frequency:

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

I

TOF = 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™), and “M”
defines the number of transferred electrons (where M = 2 for the HER
and M = 4 for the OER).

Q I+t I+xV/u Q
N=2F =2F- 2F =2F=xu

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

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:

I

Mass activity =

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.
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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) NiS,—CNF-3, highlighting the presence of NiS/NisSa, 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; (al), (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 NiSy-CNF composites: (a) NiSy-CNF-1, (b) e
NiS,-CNF-2, (c) NiS,-CNF-3, and (d) NiS-CNF-4, showing the 160 162 164 166 168 170
nanofiber morphology and distribution of nickel sulfide particles. Binding Energy (V)

Fig. S8: Deconvoluted XPS S 2p spectra of NiS,-CNF composites:
(a) NiS,-CNF-1, (b) NiSs-CNF-2, (c) NiS,-CNF-4.
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Fig. S6: EDS spectra of (a) NiSx-CNF-1, (b) NiS,-CNF-2, and (c)
NiS4-CNF-4, showing the elemental composition of C, N, S, and Ni.
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Fig. S7: XPS survey spectra of NiS;-CNF composites: (a) NiSy-CNF-
1, (b) NiSs-CNF-2, (c) NiSy-CNF-3, and (d) NiSs-CNF-4.
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Fig. S13 EIS fitting data plots for (a) HER and (b) OER, showing
charge transfer resistance (R) and solution resistance (Ry).
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Fig. S10: Deconvoluted XPS N 1s spectra of NiS,-CNF composites:
(a) NiS4-CNF-1, (b) NiS4-CNF-2, (c) NiS«-CNF-4

Table S1: Phase Fractions of Ni, NiS and Ni3S, in various NiSy-CNF

Composites.
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Fig. S11: Electrocatalytic performance of Ni@CNF composites: (a) ey 081 28
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Fig. S12: (a) OER EIS (Electrochemical Impedance Spectroscopy)
Nyquist plots of the catalysts.
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CNF-4.

Fig. S19: Post-HER activity XPS analysis of NiS;-CNF composites
showing the deconvolution peaks for Ni 2p, Ni 1s, C s, and S 2p
regions.
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Table S2: Comparison of HER performance of NiS,-CNF-3 with 2 KOH
previously reported catalysts.
Ni3S,-S 1.0 M 240@10 96 17
Electrode Electroly n TSuer Ref. KOH
te
(mV@mA/c  (mV/de CoP/NCNHP 1.0 M 115@10 66 18
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3 KOH work
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