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Faradic efficiency. The evolved O2 was collected by a water-gas displacing method. 

The i-t curve measured at the same time was integrated to get the cumulative charge 

(Q(C)). The volume of O2 (V(mL)) was calculated through the relation of 

V(mL)=Q(C)×22.4(L mol-1)×1000÷(F(C mol-1)×4), where F means Faradic constant 

with a value of 96485 C mol-1.

Figure S1. Digital images of a) bare NF, b) Co(OH)2//NF, c) after high-heat 

sulfuration, d) electrolytic OER catalytic process

Figure S1 presents digital images of the bare Ni foam, Co(OH)2//NF, after 

Co9S8/Ni3S2 growth, and electrolytic OER catalytic process. The initial color of the Ni 

foam electrode was brown (Figure S1a), and NF is surrounded closely and uniformly 

by the Co(OH)2 (Figure S1b). After the Co9S8/Ni3S2 had grown on the Ni foam 

substrate, the foam surface became completely black (Figure S1c). Seeing from the 

change of color, we can observe the uniform and complete formation of Co9S8/Ni3S2 

on the Ni foam, with no uncovered parts on the Ni foam substrate, which is further 

observed in the SEM images (Figure 2b). The uniform and complete morphology 

feature also have a tremendous effect on the performance of samples. Importantly, NF 
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can still maintain stability and mechanical property after high temperature annealing 

at 550℃ in Figure S1c and d, which had been proved by the chronoamperometry and 

multi-step chronopotentiometric curve.

Figure S2. XRD patterns of a) Co(OH)2, b) the bare NF, Co9S8, Ni3S2//NF, and 

Co9S8/Ni3S2 HNA//NF, c) Raman spectra of Co9S8/Ni3S2 HNA//NF.

Figure S3. EDS spectrum of a single Co9S8/Ni3S2 nanowire. The Cu peaks in the EDS 

spectrum come from the Cu grid as sample holder.
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Figure S4. a,b) SEM images of Co(OH)2 nanowires, c,d) TEM images of Co(OH)2 

nanowires. The inset is the selected-area electron diffraction (SAED) pattern of 

Co(OH)2 nanowires.

Figure S5. a,b) SEM images of Ni3S2//NF. c,d) SEM and TEM images of Co9S8 

powder respectively.
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Figure S6. Nyquist plots of the Co9S8//NF, Ni3S2//NF, Co9S8/Ni3S2 HNA//NF. The 

inset is the equivalent circuit model that contains the electrolyte resistance (Rs), 

charge-transfer resistance (Rct) and constant phase element (CPE).

Table S1. Electrochemical impedance spectroscopy (EIS) fitting results for 

Co9S8/Ni3S2 HNA//NF, Co9S8//NF and Ni3S2//NF. 

materials Rs () Rct ()

Co9S8/Ni3S2 HNA//NF 1.27 30

Co9S8//NF 1.57 83

Ni3S2//NF 1.19 219

Figure S7. a,b,c) CV curves at different scan rates from 20, 40, 60 to 180 mV s−1 of 

the Co9S8/Ni3S2 HNA//NF, Co9S8//NF, Ni3S2//NF, respectively. 
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Figure S8. the BJH pore size distribution of the Co9S8/Ni3S2 HNA.

Table S2. The theoretical values, measured values and the Faradaic efficiencies of the 

amount of O2 production at different periods.

Time (min) 10 20 30 40 50 60

Calculated O2 (mmol) 0.08036 0.16072 0.24108 0.31697 0.38393 0.45089

Measured O2 (mmol) 0.08000 0.15715 0.23126 0.30135 0.36608 0.42992

Faradaic efficiency (%) 100 97.78 95.93 95.07 95.35 95.35

Average (%) 96.51

Figure S9. The experimental O2 production versus theoretical quantities for OER 

water splitting of Co9S8/Ni3S2 HNA//NF at the constant current density.
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Figure S10. XRD patterns of Co9S8/Ni3S2 HNA//NF before and after stability.

Figure S11. a, b) SEM images of Co9S8/Ni3S2 HNA//NF after OER stability 

measurments. (c) OER polarization curves of Co9S8/Ni3S2 HNA//NF before and after 

stability test. 
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Figure S12. a, b) HRTEM images of Co9S8/Ni3S2 HNA//NF after harsh OER.

Figure S13. a, b) HRTEM images of Co9S8/Ni3S2 HNA//NF after harsh OER.
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Figure S14. XPS spectra of a) Co 2p, b) Ni 2p, c) S 2p, and d) O 1s for Co9S8/Ni3S2 

HNA//NF before and after harsh OER (Sat. means shake-up satellites)
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Table S3. Comparison of OER performance based on non-precious metal 

electrocatalysts in alkaline electrolytes.

Materials Electrolyte
η [mV] for 

jOER=
10 mA cm-2

Tafel slope 
[mV dec−1]

References

Co9S8/Ni3S2 HNA//NF 1.0 M KOH 223 79 This work

NiS2/CoS2-O NWs 1.0 M KOH 235 31 7

Co3O4/N-rmGO//NF 0.1 M KOH 310 67 8

NiCoP//NF 1.0 M KOH 280 87 10

NiCo2S4 NWs//NF 1.0 M KOH 260 40 38

Ni2P NPs 1.0 M KOH 290 59 S1

Ni0.9Fe0.1/NC 1.0 M KOH 330 45 S2

Fe6Ni10Ox 1.0 M KOH 286 48 S3

Fe0.1-NiS2 NA//Ti 1 .0M KOH η100 =231 43 S4

NiCoP/C nanoboxes 1.0 M KOH 330 96 S5

Cu@CoSx//CF 1.0 M KOH 270 - S6

NiCoP nanosheet 1.0 M KOH η50=310 68.6 S7

NiS//NF 1.0 M KOH η20=335 89 S8

NiCo2S4 NA//CC 1.0 M KOH η100=340 89 S9

Co3O4@CoS//NF 1.0 M KOH 290 77.6 S10

Ni(OH)2-TCNQ//CF 1.0 M KOH η20=225 110 S11

SnCoFe-Ar//NF 1.0 M KOH 270 42.3 S12

Zn0.15Ni0.85Co2O4 0.1 M KOH 560 62 S13

Co0.7Fe0.3P//CNT 1.0 M KOH 243 36 S14

Co-MOF nanosheet 1.0 M KOH 263 74 S15

NiMoO4-x/MoO2 1.0 M KOH 320 69 S16
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