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Synthesis of CoP/P-NiO/NF: Firstly, a certain amount of NaH2PO4 was dissolved in 15 mL H2O2 

solution (30 vol. %), added 10 mL deionized water and transferred into a high-pressure reactor (50 

mL) after stirring. A piece of clean nickel foam (NF) with a size of 2×3 cm was immersed into the 

above solution and kept 140 oC for 24 h to obtain the precursor of P-Ni(OH)2/NF. Then, the 

solution of a certain amount of Co(NO3)2·6H2O and 15 mL H2O2 solution (30 vol. %) was 

completely dissolved in 10 mL deionized water, and was transferred into a 50 mL high-pressure 

reactor containing Co(OH)2/P-Ni(OH)2/NF to hold 140 oC for 24 h. Finally, 

Co(OH)2/P-Ni(OH)2/NF was further phosphatized at 350 oC for 2 hours in a nitrogen atmosphere 

with 500 mg NaH2PO2 to obtain CoP/P-NiO/NF. 

  



Calibration of reference electrode  

The calibration of reference electrode was performed in the high purity hydrogen saturated 

electrolyte with two Pt foils as the working electrode and counter electrode, respectively. The Fig. 

S1 showed that the CV measurement was carried out at sweep rate of 1 mV s-1 in 1 M KOH 

electrolyte to determine the zero current potential, and the average (-0.9024) of the two potentials 

at which the current crossed zero was taken to be the thermodynamic potential, thus the relation 

between the Hg/HgO reference electrode and reversible hydrogen electrode (RHE) in 1 M KOH 

solution can be estimated by using formula: ERHE = EHg/HgO + 0.9024 V. 

 

Fig. S1. The CV curves (1 mV s-1) of the calibration of the HgO/Hg reference electrode in 1 M 

KOH solution. 

 

   



 

 

 

 

Fig. S2. SEM images of (a) NF, (b) pre-NF, (c) NiFe-HD/NF, (d) HRTEM image of 

Fe(OH)3/pre-NF. 

  



 

 

 

 

Fig. S3. SAED image of NiFe-HD peeling off from the NiFe-HD/pre-NF. 

  



 

 

 

 

Fig. S4. TEM-EDS of NiFe-HD peeling off from the NiFe-HD/pre-NF. 

  



 

 

 

 

Fig. S5. SEM images of NiFe-HD/pre-NF with various electrodeposition time as (a) 20s, (b) 50s, 

(c) 100s and (d) 200s. 

  



 

 

 

 

Fig. S6. XRD spectra of Fe(OH)3, NiFe-HD peeling off from the Fe(OH)3/pre-NF and 

NiFe-HD/pre-NF, respectively. 

  



 

 

 

 

Fig. S7. Polarization curves after iR correction on the effect of electrodeposition time on 

NiFe-HD/pre-NF activity. 

  



Table S1. Comparison of the OER performance of various catalysts in 1.0M KOH solution 

  

Catalysts η100（mV） Tafel (mV dec-1) Ref. 

NiFe-HD/pre-NF 256 81 This work 

Fe(OH)3/pre-NF 280 101 This work 

β-Ni(OH)2/pre-NF 390 117 This work 

IrO2/NF 360 - This work 

Fe-doped β-Ni(OH)2 280 53 [1] 

Fe3O4/FeS2 306 48 [2] 

Ni(OH)2-NB 350 78.6 [3] 

NiFe-LDH@NiCoP 220 48.6 [4] 

NiCo2O4@NiMn-LDH 340 62.4 [5] 

NiFe hydroxide film/GC 240 38.9 [6] 

FeOOH NPs@ Ni-Fe LDH 270 37 [7] 

amorphous CoFePi@crystalline Ni(PO3)2 320 39 [8] 

NiCeOx 390 85 [9] 

NiFe(OH)x/FeS/IF 265 - [10] 

α/β-Ni(OH)2/CC 270 81 [11] 

CoxFeyN-NPs/graphene -sheets 292 32 [12] 

CoNi-S/NS-rGO-550 470 79.5 [13] 

NiFeSn@NiFe(O)OH 310 50 [14] 



 

Fig. S8 LSV curves of NiFe-HD/pre-NF in 1.0 M KOH solution with different sweep slope. 

  



 

 

 

 
Fig. S9 LSV curves of NiFe-HD/pre-NF in KOH solution with different pH. 

  



 

 

 

 

Fig. S10. (a-d) CV curves of pre-NF, Fe(OH)3/pre-NF, β-Ni(OH)2/pre-NF, NiFe-HD/pre-NF at 

scan rate of 20 to 120 mV in the potential range between 1.0024 and 1.0124 V(vs. RHE).



 

 

 

 

Fig. S11. Plots showing the extraction of the Cdl about the effect of electrodeposition time 

  



 

 

 

 

Fig. S12. Polarization curves based on ECSA. 

  



 

 

 

 

Fig. S13. The electrical equivalent circuit (EEC), Rs: the solution resistances, Rct: charge 

transfer resistances, CPE1: constant phase elements. 

  



 

 

 

Table S2. The simulated equivalent circuit data of the catalysts 

  

Sample Rs [Ω] CPE1-T CPE1-P Rct [Ω] 

Fe(OH)3/pre-NF 0.80 0.06 0.87 0.60 

Ni(OH)2/pre-NF 0.83 0.06 0.86 7.0 

NiFe-HD/pre-NF 0.82 0.10 0.90 0.38 



 

 

 

 

Table S3. The ICP-MS data of the KOH solution 

Electrolyte Ni content (ppm)  Fe content (ppm) 

pristine KOH - - 

post- CV 3000 cyclic KOH 0.82 1.63 

  



Table S4. Comparison of overall water splitting performance in recent reports and this work 

Catalysts 

Cell Voltages (V) 

Stability (h) Reference 

η10 η100 η300 

NiFe-HD/pre-NF||CoP/P-NiO/NF - 1.62 1.77 85 h@100 mA cm-2 This work 

IrO2/NF||Pt-C/NF 1.54 1.72 - - This work 

NiFe(OH)x/FeS/IF||MoNi4/MoO2/NF 1.5 1.68 1.95 70 h@300 mA cm-2 [10] 

(NixFeyCo6-x-y)Mo6C/NF|| 

(NixFeyCo6-x-y)Mo6C/NF 
1.47 1.60 1.70 50 h@500 mA cm-2 [15] 

Co@NC-600/NF||Pt/C/NF 1.59 - - 350 h@10 mA cm-2 [16] 

CF/VGSs/MoS2/FeCoNi(OH)x|| 

CF/VGSs/MoS2/FeCoNi(OH)x 
1.37 1.59 1.70 10 h@500 mA cm-2 [17] 

NiFeP-CNT@NiCo/CP|| 

NiCoP-CNT@NiCo/CP 
1.58 1.91 - 100 h@10 mA cm-2  [18] 

NiFe(OH)x@Ni3S2/MoS2-CC|| 

(Ni3S2/MoS2-CC 
1.55 1.71 1.90 48 h@20 mA cm-2 [19] 

NiFeCo LDH||NiFeCo phosphide 1.47 1.58 1.65 70 h@50 mA cm-2 [20] 

Co5Mo1.0O NSs@NF|| 

Co5Mo1.0P NSs@NF 
1.68 1.90 2.1 30 h@10 mA cm-2 [21] 

Ni@NCNTs/NF-L||NiFe-L 1.52 2.1 - 10 h@100 mA cm-2 [22] 

C3N4–CNT–CF||S-C3N4–CNT–CF 1.8 - - 10 h@10 mA cm-2 [23] 

NixCo3−xO4||NiCo/NiCoOx 1.75 - - 10 h@15 mA cm-2 [24] 

Co1–xFex-LDH||Ni1–xFex-LDH 1.59 1.88 - 24 h@25 mA cm-2 [25] 

  



 

 

 

 

Fig. S14. SEM image of NiFe-HD /pre-NF after stability test 

  



 

 

 

 

Fig. S15 HRTEM image of the NiFe-HD/pre-NF after 3000 CV cycles 

  



 

 

 

 

Fig. S16 Raman spectra of XPS spectra of NiFe-HD/pre-NF after 3000 CV cycles 
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