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Figure S1 FT-IR spectrum of NiFe-PBA.

Figure S2 FT-IR spectra of Ni-Fe-S-H, Ni-Fe-N, and Ni-Fe-S3:1-160.
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Figure S3 XPS survey spectra of Ni-Fe-S-H, Ni-Fe-N, and Ni-Fe-S3:1-160.

Figure S4 XRD patterns of the materials prepared under different mass ratio of NiFe-PBA and S 

powder.

S-3



Figure S5 FT-IR spectra of the materials prepared under different mass ratio of NiFe-PBA and S 

powder.

Figure S6 SEM images of the materials prepared under the mass ratio of NiFe-PBA and S 

powder for (a, b) 5:1, (c, d) 3:1, and (e, f) 1:1.

S-4



Figure S7 XRD patterns of the materials prepared under different hydrothermal temperature.

Figure S8 SEM images of the materials prepared under the hydrothermal temperature of (a, b) 

140 °C, (c, d) 160 °C, (e, f) 180 °C, and (g, h) 200 °C.
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Figure S9 FT-IR spectra of the materials prepared under different hydrothermal temperature.

Figure S10 (a) S-TEM image of Ni-Fe-S3:1-160 and the corresponding elemental mapping of (b) 

Ni, (c) Fe and (d) S.
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Figure S11 Chronopotentiometric responses for Ni-Fe-S3:1-160, Ni-Fe-S-H, and Ni-Fe-N at a 

constant current density of 10 mA cm-2.

The determination of the overpotential at 10 mA cm2 based on the LSV curve of Ni-Fe-S3:1-

160 is not very accurate due to its obvious oxidation peak, so chronopotentiometry 

measurements were performed for 60 s to obtain the overpotential at 10 mA cm-2 (η10). The 

results show that the η10 for Ni-Fe-S3:1-160, Ni-Fe-S-H, Ni-Fe-N is 207, 262, and 249 mV 

respectively.
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Figure S12 CV curves at various scan rates (20, 50, 100, 150 mV s-1) of Ni-Fe-S3:1-160 (a), Ni-

Fe-S-H (b), and Ni-Fe-N (c). (d) Plots of the half of current density variation (ΔJ = (/Ja/ + 

/Jc/)/2) at 1.15 V versus scan rates for Ni-Fe-S3:1-160, Ni-Fe-S-H, and Ni-Fe-N.

CV measurements were performed at various scan rates in the potential between 1.1 to 1.2 

V (Figure R2a-c) and the half of the difference of the positive and negative current density (∆J) 

at 1.15 V against the scan rate is plotted (Figure R2d) to obtain the slope which is the Cdl.
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Figure S13 Nyquist plots of Ni-Fe-S-H, Ni-Fe-N, and Ni-Fe-S3:1-160 at the potential of 1.5 V in 

the frequency ranging from 100 kHz to 0.01 Hz.

Figure S14 (a) LSV curves of the materials prepared at different hydrothermal temperatures, and 

(b) the corresponding overpotential at a current density of 20 mA cm-2. 
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Figure S15 (a) LSV curves of the materials prepared at different mass ratio of NiFe-PBA and S 

powder, and (b) the corresponding overpotential at a current density of 20 mA cm-2.

Figure S16 (a) LSV curves of the materials prepared at different hydrothermal time, and (b) the 

corresponding overpotential at a current density of 20 mA cm-2.
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Figure S17 High-resolution Ni 2p (a), and Fe 2p (b), S 2p (c) XPS spectra for fresh, and post-

OER Ni-Fe-S3:1-160 samples. (d) XRD patterns of Ni-Fe-S3:1-160 after 3000 CV cycles in the 

potential range from 1.4 V to 1.8 V for OER.
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Table S1 Comparison of OER catalytic performance of transition metal-based sulfides reported 

in literature.

Catalyst Support Electrolyte
Loading 

(mg cm-2)

j

(mA cm-2)

Overpotential 

(mV)
Refs

Ni3S2/NF Ni foam 1.0 M NaOH ~1.6 10 260 [1]

Ultrathin Co3S4 

Nanosheets
GCE 0.1 M KOH 0.28 10 355 [2]

Co9S8@MoS2/carbon 

nanofibers
GCE 1.0 M KOH 0.212 10 ≈430 [3]

Carbon paper/carbon 

tubes/cobalt-sulfide 

sheets

carbon 

paper
1.0 M KOH ~0.32 10 306 [4]

NiCo2S4 nanowire

arrays/Ni foam
Ni foam 1.0 M KOH — 10 260 [5]

Co9S8/graphene hybrid GCE 0.1 M KOH 0.2 10 409 [6]

Nickel(II) sulfide (NiS) 

nanosheets

stainless 

steel meshes
0.1 M KOH ~1 10 297 [7]

Nickel sulfide (NiSx)
Si wafer 

substrates
1.0 M KOH — 10 372 [8]

Co1-xS/N and S co-doped 

graphene nanoholes
GCE 0.1 M KOH 0.5 10 371 [9]

1.0 M KOH 10 290
Oxygen-incorporated 

amorphous cobalt sulfide 

porous nanocubes

GCE
0.1 M 

phosphate 

buffer solution

0.8
4.59 570

[10]

Hierarchical Co9S8 

hollow microplates
GCE 1.0 M KOH 0.37 10 278 [11]

NGO/Ni7S6 GCE 0.1 M KOH 0.21 10 380 [12]

CuCo2S4 GCE 1 M KOH 0.7 10 310 [13]

Amorphous CoS4.6O0.6 

porous nanocubes
GCE 1 M KOH 0.8 10 290 [10]

Co9S8/CNT/carbon cloth carbon cloth 0.1 M KOH 0.5 10 321 [14]

TiO2@Co9S8 Ni foam 1 M KOH — 10 240 [15]

Co9S8@MoS2 GCE 1 M KOH 0.41 10 340 [16]
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Co-MoS2/bacterial 

cellulose-derived carbon 

fibers

carbon fiber 

paper
1 M KOH 2 10 260 [17]

NiS1.03-N and S co-doped 

carbon nanoparticles
carbon cloth 1 M KOH 0.25 10 270 [18]

Co9S8
carbon fibre 

paper
1 M KOH 1.7 10 288 [19]

Cu2S/Cu foam Cu foam 1 M KOH — 20 336 [20]

Cobalt sulfide/carbon 

composites
GCE 0.1 M KOH ~0.57 10 302 [21]

FeNi2S4 hollow balloons Ni foam 1.0 M KOH 0.6 10 273 [22]

CeOx/CoS GCE 1.0 M KOH 0.20 10 269 [23]

Co3S4@MoS2 GCE 1.0 M KOH 0.283 10 280 [24]

CoeNieS@N, S-doped 

porous carbon
GCE 0.1 M KOH 0.39 10 470 [25]

Ni@NiS2@S/N-doped 

hollow carbon capsules
GCE 0.1 M KOH 0.10 10 440 [26]

CoxNi1-xS2-rGO GCE 1.0 M KOH 0.285 10 290 [27]

(Ni, Fe)S2@MoS2
carbon fiber 

paper
1.0 M KOH — 10 270 [28]

N-NiMoO4/NiS2 GCE 1.0 M KOH 0.20 10 267 [29]

10 207
Ni-Fe-S3:1-160 GCE 1.0 M KOH 0.42

20 245
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