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Experimental Section

Calculation

The specific calculation process for mass activity and turnover frequency (TOF) 

was as follows:

The values of mass activity (A g-1) were calculated from the catalysts loading m 

(mg cm-2) and the measured current density j (mA cm-2) at 0.33 V.

𝑀𝑎𝑠𝑠 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =
𝑗

𝑚

Turnover frequency (TOF) calculation

TOF of catalyst was calculated using a method widely used in the literature, e.g. 

Nano Energy 2018, 51, 26-36. First, the active site (N) of the catalytic electrode was 

calculated by the following formula:

𝑁(𝑚𝑜𝑙) =
𝑄

2𝐹
=

𝑖𝑡
2𝐹

=  
𝑖𝑉/𝑢
2𝐹

Where, Q represents the voltammetry charge obtained by integrating the cyclic 

voltammetry curve, CV curve is at a certain sweep velocity (50 mV/s) between -0.2 ~ 

0.6 V (vs. RHE) in phosphate buffer solution (PB, pH = 7.0), the PB is prepared by 

mixing up 38 mL of 0.2 M NaH2PO4 solution and 62 mL of 0.2 M Na2HPO4; where Q 

is the cyclic voltammetric capacity obtained by integrating CV cures, F is the Faradic 

constant (96485 C mol-1), i is the current density (A m-2), V is the voltage (V) and u is 

the scanning rate (V s-1).

Secondly, Faraday's constant (TOF) is calculated by the following formula:

𝑇𝑂𝐹(𝑠 ‒ 1) =
|𝑗|𝐴
𝑛𝐹𝑁

Where, j represents the current density at a given overpotential, where the 
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overpotential is 1.50 V (vs RHE); A represents the geometric area of the electrode; n 

represents the number of electrons consumed by hydroelectricity to decompose into a 

O2, n = 4 in OER process; F stands for Faraday constant (96485 C mol-1); N is the 

number of active sites.

Gas Chromatography Testing

The Faradaic efficiency (FE) was calculated by using following equation 

𝐹𝐸 =
𝑁𝑒𝑥
𝑁𝑡ℎ

where Nex is the produced moles of oxygen and Nth is the theoretical moles of 

oxygen.

Gas chronopotentiometry (GC-9560) testing was conducted with a constant current 

density of 100 mA cm-2 in 1 M KOH seawater electrolyte. The theoretical amount of 

generated O2 gases was calculated using the equation:

𝑁𝑡ℎ =
𝐼𝑡
4𝐹

Where Nth is the theoretical amount (mol) of gaseous products, I is the current (A), 

t is the time (s) and F is the Faraday constant.
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Fig. S1. Optical photographs of the Ni-MOF/NF, Ni-MOF@PBA/NF and the Fe-

Ni3S2/NF with the size of 1.0 × 2 cm2.

Fig. S2. SEM images of (a, b) Ni-MOF/NF, (c, d) Ni-MOF@PBA/NF.
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Fig. S3. SEM images of Ni-MOF@PBA/NF synthesized at room temperature for (a, 

b) 3 h, (c, d) 6 h, (e, f) 12 h.

Fig. S4. XRD patterns of Ni-MOF and Ni-MOF@PBA.
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Fig. S5. FT-IR spectra of the as-obtained Ni-MOF and Ni-MOF@PBA.
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Fig. S6. SEM images of Ni3S2/NF.

Fig. S7. EDS pattern of the soaked Fe-Ni3S2/NF.
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Fig. S8. XPS spectra of Fe-Ni3S2/NF survey scan.

Fig. S9. Full CVs of Fe-Ni3S2/NF electrocatalysts at different in situ cation exchange 

reaction times for the OER in 1 M KOH at 5 mV s-1.
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Fig. S10. CV curves of the NF, Ni-MOF@PBA/NF, Ni3S2/NF and the Fe-Ni3S2/NF at 

different scan rate of 20, 40, 60, 80, 100 and 120 mV·s-1.

Fig. S11. (a) ECSA, and (b) ECSA-normalized OER activity of Fe-Ni3S2/NF, 

Ni3S2/NF, Ni-MOF@PBA/NF, Ni-MOF/NF.
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Fig. S12. CV curves of (a) Ni-MOF/NF, (b) Ni-MOF@PBA/NF, (c) Ni3S2/NF and (d) 

Fe-Ni3S2/NF in PB (pH = 7.0) at a scan rate of 50 mV s-1.
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Fig. S13. The Faradaic efficiency of OER.

Fig. S14. (a, b) SEM images of Fe-Ni3S2/NF after OER. (c) The EDS elemental 

analysis of Fe-Ni3S2/NF after OER.
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Table S1. Comparison of OER activity of Fe-Ni3S2/NF (red words) and recently reported Ni3S2 
based electrocatalysts.

Catalysts Support Electrolyte
J/mA 
cm-2

Overpotential/ 
mV

Tafel/ mV 
dec-1 Ref.

Fe-Ni3S2 NF 1.0 M KOH 10 232 83.69
This 
work

G@Ni3S2 NF 1.0 M KOH 10 249 98.2 [S1]

Ni3S2@Ni CC 1.0 M KOH 10 290.9 101.26 [S2]

F-Ni3S2 NF 1.0 M KOH 10 239 36 [S3]

Cu-Ni3S2 NF 1.0 M KOH 10 259 54.9 [S4]

Ni3S2-CeO2 NF 1.0 M KOH 20 264 146 [S5]

NiFeCuP@Ni3S2 NF 1.0 M KOH 10 230 42 [S6]

Ni3S2@Ni5P4 NF 1.0 M KOH 50 399 75 [S7]

Ni3S2-Co9S8 NF 1.0 M KOH 20 294 80 [S8]

Bi2S3/Ni3S2 NF 1.0 M KOH 10 268 82 [S9]

Ni-Fe-OH/Ni3S2 NF 1.0 M KOH 10 268 54 [S10]

Cu2S-Ni3S2 NF 1.0 M KOH 10 329 44.11 [S11]

Co-Ni3S2 NF 1.0 M KOH 20 297 50.3 [S12]

Fe–Ni3S2/rGO NF 1.0 M KOH 20 247 63 [S13]

Ni3S2@Co(OH)2 NF 1.0 M KOH 10 257 63.1 [S14]

NiFe LDH@Ni3S2 NF 1.0 M KOH 20 271 77 [S15]

NiO-Ni3S2 NF 1.0 M KOH 20 290 75 [S16]

Co3O4@Ni3S2 NF 1.0 M KOH 20 260 121.7 [S17]

Ni3S2/MnO2 NF 1.0 M KOH 10 260 61 [S18]

NF: Nickel foam; CC: Carbon Cloth.
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Table S2. Resistance values of various samples at 1.524 V vs. RHE.

Catalysis Rs/Ω Rct/Ω

Ni-MOF /NF

Ni-MOF@PBA/NF

Ni3S2/NF

Fe-Ni3S2/NF

NF

1.32 Ω

1.36 Ω

1.34 Ω

1.34 Ω

1.36 Ω

3.46 Ω

2.94 Ω

2.40 Ω

1.27 Ω

101.00 Ω
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