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Figure S1 Phase analysis of the PXRD patterns collected on FCNS, FCNS-800, and FCNSSi powders.
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Figure S2 Crystal structure illustration of trimetallic (Fe, Co, Ni) pentlandite-phase (PDF#30-0444).
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Figure S3 EDX spectra of the as-prepared FCNSSi powder.

Intensity / a.u.

94 96 98 100 102 104 106 108

Intensity / a.u.

154 156 158 160 162 164 166 168 170
Binding energy / eV

Figure S4 High-resolution XPS spectra of S 2p, and Si 2p orbitals collected from wide scan survey of FCNSSi-
RT sample.
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Figure S5 a) Nitrogen gas sorption isotherms, and b) average pore size distribution curves of FCNS, FCNSSi,
and FCNSSi-RT powders.
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Figure S6 CV curves a,c) at 10, 20, 40, 60, 80, 100, and 150 mV s'! in 1.0 M KOH solution and b,d) double
layer charging current vs. scan rate plots of pristine FCNS and doped FCNSSi on classy carbon electrode to
determine ECSA.
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Figure S7 Gas chromatograms (GC) of oxygen determination during# 1h of OER performance at 20 mA cm™.
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Figure S8 a) Chronopotentiometry measurements of our materials on carbon paper electrode at 100 mA cm™
for 24h, and b) PXRD patterns of FCNSS/CE before and after chronopotentiometry test at 100 mA cm for 24h.
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Figure S9 EDX spectra of the FCNSSi sample on carbon paper electrode after chronopotentiometry test at 100
mA c¢m? for 24h.
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Figure S10 a) SEM image and the corresponding atoms mapping (Fe, Co, Ni, S, Si, O, and Cl), and b) EDX
spectra of FCNSSi-RT powder sample.
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Figure S11 a) PXRD pattern of FCNSSi-RT powder and LSV curves in b) 1.0 M KOH and ¢) 0.5 M H2SO4 of
FCNSS-RT sample at a scan rate of 50.0 mV s’! on glassy carbon electrode (GCE).
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Figure S12 Top view of optimized the metal octahedral site (Fe, Co and Ni) in FCNSSi surface covered with
7/4 O* ML.
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Figure S13 Gas chromatograms for hydrogen determination during 1h of HER performance at -20 mA cm,

and b) the calculated faradic efficiency percentage (FE%).
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Figure S14 PXRD of FCNSSi/CE before and after chronopotentiometry test at -20 mA cm for 10 h in argon.
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Figure S15 a) LSV curves for the overall water splitting using FCNS and FCNSSi at both cathode and anode at
a scan rate of 10 mV s in 1.0 M KOH solution. b) Chronopotentiometry test of bare CPE, pristine FCNS, and
FCNSSi electrodes at 100 mA cm™.
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The overall electrochemical water spitting test on FCNSSi

The results presented here clearly demonstrate that the FCNSSi electrode is a highly active and stable bifunctional
electrocatalyst for both oxygen evolution reaction (OER) and hydrogen evolution reaction (HER). To investigate
its potential for overall water splitting, we designed a two-electrode cell in which FCNSSi served as both anode
and cathode in an alkaline solution (see inset in Figure S15a). The FCNSSi electrode showed impressive activity,
achieving a water-splitting current density of 10 mA c¢m™ at a potential of 1.66 V. This represents a significant
reduction in overpotential of 260 mV compared to the pristine FCNS electrode (1.92 V), and is comparable to
previously reported non-noble bifunctional electrocatalysts for water splitting 1.

Furthermore, a chronopotentiometry test conducted at 100 mA c¢cm™ for 24 hours confirmed the high stability of
the FCNSSi electrode with an overall cell potential of 2.19 V, indicating its potential for practical application in

overall water splitting in an alkaline environment (Figure S15b).
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Figure S16 Chronopotentiometry test of FCNSSi/CPE at 200 mA c¢cm™ in 1.0M KOH for three executive days.

Remarkably, the FCNSSi electrode exhibited efficient and stable water-splitting performance for three consecu-
tive days at 200 mA cm2, with a decrease in the overall cell potential from 2.49 V to 2.41 V (Figure S16). Overall,
these findings demonstrate the promising potential of the FCNSSi electrode as an efficient and stable electrocat-
alyst for overall water splitting in alkaline solutions, making it a strong candidate for practical application in

various renewable energy conversion and storage systems.
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Figure S17 a) Top view of optimized (111) pristine FCNS surface, b) Top view of optimized (111) Si adsorbed
on FCNS surface (FCNSSi-RT), ¢) Top view of optimized (111) FCNS surface doped Si (FCNSSi), d) Top
view and side view of hydrogen adsorption on FCNSSi.
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Figure S18 a) LSV curves and b) chronopotentiometry test at 500 mA c¢cm for 10 h collected using zero-gap
cell in 1.0M KOH and using a FumaSep AEM.
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Figure S19 a) Zero-gap cell assembly using FCNSSi on CPE at cathodic side against Ni foam at anodic side,
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and b) chronopotentiometry test at -100 mA ¢m for 10 h and the estimated FE% for HER.

Table S1 Atomic percentage of elements in our materials determined by ICP-OES analysis.

Sample name %Fe

%Co %Ni

%S

%Si

FCNSSi 18.61 19.11 19.21 30.68 0.91
FCNSSI-RT 16.23 16.51 16.52 26.24 5.74
Table S2 OER performance of our materials against the previously reported pentlandites electrocatalysts.
Sample name J/mA cm? n/mv Tafel slope/mV dec’? Electrolyte Electrode Reference
FCNSSi 10 316 70 1.0MKOH GCE This study
FCNSP 10 419 76 1.0MKOH GCE [S1]
FCNSN 10 390 64 1.0MKOH GCE [S1]
FCNSNP 10 349 51 1.0MKOH GCE [S1]
FCNSP 100 479 51 1.0MKOH CPE [S1]
FCNSN 100 440 70 1.0MKOH CPE [S1]
FCNSNP 100 427 46 1.0MKOH CPE [S1]
NisSsg 10 354 56 1.0MKOH GCE [S2]
FeNi3Ss 10 371 55 1.0MKOH GCE [S2]
Fe,Ni;Sg 10 359 55 1.0MKOH GCE [S2]
FesNisSs 10 367 61 1.0MKOH GCE [S2]
Fe,NisSg 10 386 56 1.0MKOH GCE [S2]
FesNi;Ss 10 401 60 1.0MKOH GCE [S2]
FesNisSs 10 423 75 1.0MKOH GCE [S2]
Fe;Ni,Sg 10 434 91 1.0MKOH GCE [S2]
FesNiSs 10 495 75 1.0MKOH GCE [S2]
FesSs - --- 168 1.0MKOH GCE [S2]
CosSs spheres 10 285 58 1.0MKOH GCE [S3]
CosSs flowers 10 380 76 1.0MKOH GCE [S3]
NSC/NiFesSs-1000 10 620 431 1.0MKOH GCE [S4]
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PNSC/NisFesSs-1000 10 300 72 0.5MH,S0O, GCE [S4]

PNSC/NisFesSs-1000 10 280 --- 1.0MKOH GCE [S4]
Nis.3C04.758 20 133 194 1.0MKOH Ni foam [S5]
CosSs/CNS 10 294 50.1 1.0MKOH RDE [S6]

CosSs 10 340 85.6 1.0MKOH RDE [S6]

Table S3 HER performance of our materials against the previously reported pentlandites electrocatalysts.

Sample name J/mAcm?  n/mv Tafel slope/mV dec’? Electrolyte Electrode Reference
FCNSSi 10 164 80.7 0.5MH,S04 GCE This study
FCNSP 10 473 133 0.5MH,S04 GCE [S1]
FCNSN 10 344 164 0.5MH,S04 GCE [S1]

Nis.3C04.7Ss 10 148 90.0 1.0MKOH Ni foam [S5]

Ni foam 100 238.0 175.5 1.0MKOH Ni foam [S5]

CoS 10 174.2 157.7 1.0MKOH Ni foam [S5]
Nio.1C00.9S 10 174.2 157.7 1.0MKOH Ni foam [S5]
Ni1.4C07.6Ss 10 196.6 156.9 1.0MKOH Ni foam [S5]
Ni3Ss2 10 209.8 135.5 1.0MKOH Ni foam [S5]
Ni4.5Fe4.5S8 10 280 0.5 M H,SO4 Rocks [S7]
Fes.sNia.sSs 10 190 76 0.5 M H,SO0. Pellet [S8]
Fes.sNissS;Se; 10 172 120 0.5 M H,SO0. Pellet [S8]
FessNissS¢Se2 10 230 120 0.5 M H,SO0. Pellet [S8]
Ni@NC-800 10 205 160 1.0 M KOH Ni foam [S9]
CoySzs@MoS,/CNFs 10 190 110 1.0 M KOH CNFs [S10]
Ni/NisC/C-NCNT 10 184 98.7 1.0 M KOH GCE [S11]
N-doped NiMoS 10 68.0 86.0 1.0 M KOH Ni foam [S12]
NisS; 10 335 97.0 1.0 M KOH GCE [S13]

NiS, 10 454 124 1.0 M KOH GCE [S13]

NiS 10 474 128 1.0 M KOH GCE [S13]
CoySs-60 10 178 82.0 0.5 M H2S04 GCE [S14]
Nanoporous-CosSs 10 264 118 1.0 M PBS RDE [S15]
Porous-CogS4P4/Fe 10 87.0 51.0 1.0 M PBS RDE [S15]
MoS,/CoMo,S, 10 122 90.0 1.0 M KOH GCE [S16]
Ni/NiS/P,N,S-rGO 10 155 135 1.0 M KOH CPE [S17]

Table S4 FE% of our materials against the previously reported pentlandites electrocatalysts for HER.

Sample name FE% Time/h Electrolyte Electrode Reference

FCNSSi 109+10 10.0 0.5 M H2S04 CPE This study
FCNS 95.442 10.0 0.5 M H2S04 CPE [S1]
FCNSN 98.1+2 10.0 0.5 M H2S04 CPE [S1]
FCNSNP 97.5+2 10.0 0.5 M H2S04 CPE [S1]
Ni4,5F€4_5Sg 910i5 5.0 0.5M H2504 ROCkS [57]
FE4,5Ni4_553 902i5 4.0 0.5 M H2504 Pellet [58]
FE4,5Ni4,7S7S€1 941i5 4.0 0.5M H2504 Pellet [58]
FE4,5Ni4,755S€2 985i5 4.0 0.5M H2504 Pellet [58]
FE4,5Ni4,755S€3 978i5 4.0 0.5 M H2504 Pellet [58]
FE4,5Ni4,7S4S€4 959i5 4.0 0.5 M H2504 Pellet [58]
FE4,5Ni4,7S3S€5 967i5 4.0 0.5M H2504 Pellet [58]
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