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Experimental section

Preparation of Pt/C and RuO2 electrodes

5 mg of Pt/C was mixed with 450 μL of deionized water, 450 μL of absolute ethanol, 

and 20 μL of Nafion (5 wt%), and the resulting mixture was sonicated for 60 min to 

obtain Pt/C ink. RuO2 ink was prepared using the same method. Then use a pipette to 

draw 2 μL ink each time, which was carefully dropped onto the FeNi3 foam and then 

dried naturally at room temperature. The total ink added was 50 μL, which was 

dropped in 25 times for the coating. Using this method, Pt/C electrodes and RuO2 

electrodes were prepared separately. The loading of Pt/C and RuO2 on FeNi3 foam are 

1.08 mg cm-2.

Electrochemical impedance spectroscopy (EIS)

In order to perform a more comprehensive test of the material, the EIS test of the 

electrode material was carried out under the operating conditions of OER. The test 

voltage applied to the material ranges from 100 kHz to 10 mHz.

Effective electrode surface area (ECSA) calculation

In order to fully demonstrate the excellent properties of the material, the ECSA of the 

material was estimated. In a 1.0 M KOH electrolyte solution, the material was 

subjected to 10 CV cycles in a voltage window from -0.15V to -0.25V vs. RHE. The 

test was carried out to obtain cyclic voltammograms (CVs) of the material. The 

electrochemical double layer capacitor (Cdl) of the material under the non-Faradaic 

overpotential, it can be obtained by CV at different scanning rates (10 mV s-1, 20 mV 

s-1, 30 mV s-1, 40 mV s-1 and 50 mV s-1). The difference in current density between 



the anodic and cathodic sweeps is linear with the scan rate. A linear relationship 

between the two is obtained by plotting, and then the slope is obtained by data fitting, 

which is twice the Cdl. Then the ECSA of the material can be estimated by Eqn. S1:

ECSA= Cdl/Cs     Eqn. S1

where Cs is the specific capacitance, whose value is reported to be 0.040 mF cm-2 in 

1.0 M KOH[1].

Electrochemical contrast test

Pure graphite rods (6 mm in diameter, 99.999% purity trace metals basis) were 

obtained from Gaoss Union (Tianjin) Optoelectronics Technology Co., Ltd. Under 

other conditions unchanged, the pure graphite rods electrode (6 mm in diameter) was 

used instead of the Pt electrode, and the HER test was carried out on this catalyst 

NiFeCoSx@FeNi3. And the OER tests of synthetic material NiFeCoSx@FeNi3 in 1.0 

M KOH solution with a scanning rate of 10 mV s-1, 5 mV s-1, 2 mV s-1 and 1 mV s-1.



Fig. S1 Photograph of FeNi3 (first left); NiFe LDH@FeNi3 (second from left); 

NiFeCo LTHs@FeNi3(third from the left) and NiFeCoSx@FeNi3 (right).



Fig. S2 SEM images of (a-c) NiFeCo LTHs@ FeNi3, (d-f) NiFeCoSx@FeNi3.



Fig. S3 XRD patterns of (a) Ni9S8, (b) Fe1-xS, (c) Co4S3.



Fig. S4 (a) the pure carbon rod electrode (6 mm in diameter, 99.999% purity trace 

metals basis), (b) and (c) Polarization LSV curves for HER at a scan rate of 5 mV s-1 

(iR-corrected).



Fig. S5 Cyclic voltammograms (CVs) for (a) NiFe LDH@FeNi3 and (b) NiFeCo 

LTHs@FeNi3 at scan rates of 10, 20, 30, 40 and 50 mV s-1.



Fig. S6 XRD patterns of (a) FeNi3, (b) NiFe LDH@FeNi3, (c) NiFeCo LTHs@FeNi3, 

(d) FeNi3, NiFe LDH@FeNi3, NiFeCo LTHs@FeNi3 and NiFeCoSx@FeNi3.



Fig. S7 (a-b) SEM image of NiFeCoSx@FeNi3. (c-f) the corresponding elemental 

mapping images of Fe, Ni, Co and S in NiFeCoSx@FeNi3.



Fig. S8 (a-b) SEM image of NiFeCoSx@FeNi3 and (c-f) the corresponding elemental 

mapping images of Ni, Fe, Co and S in NiFeCoSx@FeNi3 after 90 h long-term 

stability test for OER in 1.0 M KOH solution. 



Fig. S9 (a-b) SEM image of NiFeCoSx@FeNi3 and (c-f) the corresponding elemental 

mapping images of Ni, Fe, Co and S in NiFeCoSx@FeNi3 after 40 h long-term 

stability test for HER in 1.0 M KOH solution.



Fig. S10 The response time of (a) HER and (b) OER in the potential transition of 

ISTEP in 1.0 M KOH solution.



Fig. S11 The marked diagram of the scattered areas of the Co element for (a)TEM 

image of NiFeCoSx@FeNi3, (b) HAADF-STEM image of NiFeCoSx@FeNi3 and (c) 

the corresponding elemental mapping images of Co in NiFeCoSx@FeNi3. 



Fig. S12 The OER polarisation LSV curves for NiFeCoSx@FeNi3 with scan rates of 

10 mV s-1, 5 mV s-1, 2 mV s-1 and 1 mV s-1 (iR-corrected).



Table S1 The comparison of catalytic performances for HER between 

NiFeCoSx@FeNi3 and other materials reported in the literature.

Catalyst Overpotential 

(mV)

Tafel slope 

(mV dec-1)

Electrolyte Reference

NiFeCoSx@FeNi3 88@10 116 1M KOH This work

NiFeCo LTHs@FeNi3 112@10 187 1M KOH This work

NiFe LDH@FeNi3 168@10 194 1M KOH This work

(Ni,Fe)S2/MoS2 130@10 101.22 1M KOH [2]

FeCo2S4 132@10 164 1M KOH [3]

NiCo/NiCo2S4/NiCo/Ni 132@10 58.2 1M KOH [4]

NixCo3−xS4/Ni3S2/NF 136@10 107 1M KOH [1]

Sn-Ni3S2/NF 137@10 148 1M KOH [5]

NiCoFe LTHs/CFC 200@10 70 1M KOH [6]

NiFeS/NF 180@10 53 1M KOH [7]

V−Ni3S2−NW 203@20 112 1M KOH [8]

Ni-Co-S 228@10 101.76 1M KOH [9]

(Fe0.5Ni0.5)S2 250@10 115.9 1M KOH [10]



Table S2 The comparison of catalytic performances for OER between 

NiFeCoSx@FeNi3 and other materials reported in the literature.

Catalyst Overpotential (mV) Tafel slope (mV dec-1) Electrolyte Reference

NiFeCoSx@FeNi3 210@10 45 1M KOH This work

NiFeCo LTHs@FeNi3 275@10 68 1M KOH This work

NiFe LDH@FeNi3 380@10 172 1M KOH This work

Ni3S2/Co(OH)2 257@10 63.1 1M KOH [11]

NiCo2S4 NW/NF 260@10 40 1M KOH [12]

Ni-Co-S 270@40 133.8 1M KOH [13]

(Fe0.5Ni0.5)S2 270@10 74.41 1M KOH [10]

(Ni,Fe)S2/MoS2 270@10 43.21 1M KOH [14]

Fe-Co9S8 NM 270@10 70 1M KOH [15]

Ni-Co-P-S 280@10 69 1M KOH [16]

Fe-Ni-Ox/GC 286@10 48 1M KOH [17]

LiCo0.33Ni0.33Fe0.33O2/GC 295@10 46 1M KOH [18]

FeNiS2 NSs 310@10 46 1M KOH [19]

NiCoFe LTHs/CFC 240@10 32 1M KOH [6]

NiCoFe LDHs 275@10 52 1M KOH [20]



Table S3 The value of Cdl for different catalysts in 1.0 M KOH solution.

Samples Cdl (mF cm-2) Reference

NiFeCoSx@FeNi3 248 This work

NiFeCo LTHs@FeNi3 46.9 This work

NiFe LDH@FeNi3 3 This work

Co4S3-NiCo LDH/CC 7.36 [21]

(Ni0.5Fe0.5)2P 5.5 [22]

Y-S Ni-Co-Se/CFP 8 [23]

CoSx/Ni3S2@NF 8.68 [24]

Co0.7Fe0.3P3 11.3 [25]

CoP-Co2P@PC/PG NHs 23.5 [26]

Co-CoOx@CN 29.6 [27]

Co9S8@Co3O4 38 [28]
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