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Fig. SS. (a,c) SEM images of Ni3S,-Fe-Ni,. (b) Particle size analysis of (a). (d)
Particle size analysis of (¢).
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Fig. S6. XPS spectra of (a) survey. (b) C 1s. (c) O Is for the Ni;S,-Fe. (d) survey. (e)
C 1Is. (f) O 1s for the Ni3S,-Fe-Ni.
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Fig. S7. (a) the double-layer capacitances of various catalysts CV curves at various
scan rates of Ni3S,-Fe-Ni.. (b) Ni3S,-Fe. (c) Ni3S,. (d) Ni,
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Fig. S8. (a)Cdl at different scan rates of Ni3S,-Fe-Ni.. (b) Ni3S;,-Fe. (c¢) Ni3S,. (d) Ni.
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Fig. S9. OER-EIS fitting data for Ni3S,-Fe-Ni
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Fig.S10. HER-EIS fitting data for Ni3S,-Fe-Ni
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Fig. S11. Synthesis of overall-water-splitting materials and mechanism diagram
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Fig. S12. original impedance diagram
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Electrocatalysts Electrolytes Overpotential at 10
mA-cm” (mV)
NiFe-LDHs/MXene/NF 1 M KOH 229 Nano Energy 63 (2019)
103880[1]
NiFe-LDHs/NF 1 M KOH 224 Chem. Sci. 6 (2015)
6624[2]
v-NiFe-LDHs 1 M KOH 210 Nano Energy 81 (2021)
105606[3]
NiFe-LDHs-Vy; 1 M KOH 229 Small 14 (2018)
1800136[4]
NiFe-LDHs-NS@DG10 1 M KOH 210 Adv. Mater. 29 (2017)
1700017[5]
NiCoFe-LDHs 1 M KOH 288 ACS Catal. 10 (2020)
5179-5189[6]
NiFe- 1 M KOH 220 Adv. Funct. Mater. 28
LDHs@NiCoP/NF (2018) 1706847[7]
Ni;S, 1M KOH 363 This work
Ni;S,-Fe 1M KOH 313 This work
Ni;S,-Fe-Ni 1M KOH 190 This work

Table S1. A comparison of the OER performances of recently reported

electrocatalysts in alkaline electrolytes.
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Electrocatalysts

Electrolytes

Overpotential at 10

mA-cm” (mV)

Co@BNCNSs

NC@Mo,C@MoS,-Ni

Ni;S»/NiS/NOSCs

I’GO@FC304

CoP(MoP)-CoMoO;@CN

Ni/Gd,03/NiO

Co(OH),@P-NiCo-LDH

V Doped MoS,

{111} faceted Ni;S,

Ni;S;
Ni3S2-Fe
Ni3S2-Fe-Ni

IM KOH

1M KOH

1M KOH

IM KOH

IM KOH

1M KOH

1M KOH

IM KOH

IM KOH

1M KOH
1M KOH
1M KOH

187

216

180

300

256

190

226

194

189

209
206
83

New Journal of Chemistry,
45 (2021) 6308-6314(8]
International Journal of
Hydrogen Energy, 46
(2021) 5250-5258[9]
ACS Sustainable
Chemistry & Engineering,
6 (2018) 15582-15590[10]
Journal of the Indian
Chemical Society, 99
(2022) 100442[11]
ACS Applied Materials &
Interfaces, 11 (2019)
6890-6899[12]
Journal of Colloid and
Interface Science, 587
(2021) 457-466[13]
Journal of Colloid and
Interface Science, 582
(2021) 535-542[14]
Applied Catalysis B:
Environmental, 254 (2019)
432-442[15]
Journal of Materials
Chemistry A, 7 (2019)
18003-18011[16]
This work
This work
This work

Table S2. A comparison of the HER performances of recently reported
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Electrocatalysts Electrolytes Overpotential at 10

mA-cm” (mV)
Fe;C-Co nanoparticles IM KOH 1.83 ACS Applied Materials
& Interfaces, 12 (2020)
31552-31563.[17]
A-Ni-Fe Oxyphosphide =~ 1M KOH 1.79 Advanced Functional
Materials, 29 (2019)
1901949[18]
Co-Fe Oxyphosphide 1M KOH 1.69 ACS Sustainable
Chemistry &
Engineering, 9 (2021)
9436-9443[19]
NiS/NiP, IM KOH 1.69 Advanced Science, 6
(2019) 1900576[20]
NixCo3-x04/Ti;C, IM KOH 1.67 ACS Applied Materials

& Interfaces, 10 (2018)
4689-4696[21]
MoSy/NiS Yolk-shell IM KOH 1.66 ACS Applied Materials
& Interfaces, 13 (2021)
34308-34319[22]

5-PUNi/NF IM KOH 1.64 Small, 15 (2019)
1803639[23]
MoS,-NiS,/NG 1M KOH 1.64 ACS Applied Energy

Materials, 5 (2022)
2391-2399[24]
NiS,/CeO, 1M KOH 1.64 Materials Today
Chemistry, 24 (2022)
100791[25]
NiS-NiS, IM KOH 1.63 Materials Today
Energy, 23 (2022)
100906[26]
Ni3S;-Fe-Ni 1M KOH 1.55 This work

Table S3. A comparison of the overall water splitting performances of recently
reported electrocatalysts in alkaline electrolytes.

S13



Electrochemical Measurements

The electrochemical tests were conducted at room temperature (20°C) using a
CHI 760E workstation equipped with a standard three-electrode system in a 1 M
KOH electrolyte to measure electrocatalytic properties. The working electrode
utilized Ni3S,-Fe-Ni as a synchronizer, while the counter electrode was a platinum
sheet and the reference electrode was Ag/AgCl (3 M KCI). The electrochemical tests
were conducted at room temperature (25°C) using a CHI 760E workstation equipped
with a standard three-electrode system in a 1 M KOH electrolyte to measure
electrocatalytic properties. The capacitive current decreased when scanned at a rate of
1 mV/s, compensated for iR, within the range of -2 to 1. The complete linear scanning
voltammetry (LSV) traits of the tests were documented, and the outputs were adjusted

applying the Nernst equation, as calculated under here.

0.0592.. C°
)lgF

E(vs.RHE)=E(vs.Ag/ AgCIl)+(

40H™ —4e =0, +H,0

2H* +2e¢ =H,

PH =-Ig[H ]=1g

[H"]
E(vs.RHE) = E(vs.Ag/ AgCl)+(0.0592) * PH

E, . .(vs.RHE) = E(vs.Ag/ AgCl)+1.023
Based on the oxygen reduction reaction, the starting potential of the OER is 1.23 V

E .x(vs.RHE) = E(vs.Ag/ AgCl)+1.023-1.23 = E(vs.Ag / AgCIl)—0.207

The Tafel analysis utilises the logarithm of the absolute overpotential (A) value
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post Nernst calibration as its horizontal coordinate. Cyclic voltammetry (CV) was
used to determine the electrochemical double layer capacitance (Cdl) in the non-
Faraday range (0.12 - 0.22 V vs. RHE), which was then used to evaluate the
electrochemically active surface area (ECSA) of the samples. The scan rates for CV
ranged from 20 mV/s to 120 mV/s, incremented by 20 mV/s. Various scan rates were
employed to measure current densities. The vertical coordinate was set at 0.2 V, and
the horizontal coordinate at the scanning rate. A plot was generated to illustrate the
correlation between scanning rate and current density. The EIS frequency range
covered the 100 kHz to 0.01 Hz range. The efficiency of water splitting in the system
was measured using a dual-electrode setup, with the cathode and anode performed by

Ni3S,-Fe-Ni electrodes, respectively.
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