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Table S1. ICP-AES data and atomic ratio of Ni/Co in NixCo2-xP NDs/NF on Ni foam. 

Samples Feeding 
ratios 

mNi (mg) mCo (mg) Atomic 
ratios 

Ni1.51Co0.49P 3/1 2.974 0.971 1/0.326 

Ni1.32Co0.68P 2/1 3.327 1.715 1/0.515 

Ni1.01Co0.99P 1/1 3.456 3.363 1/0.973 

N0.67Co1.33P 1/2 0.811 1.619 1/1.996 

Ni0.51Co1.49P 1/3 0.956 2.720 1/2.845 

 

  



Table S2 The binding energy and percent of each species in XPS spectra. 

Sample Binding Bonding Energy (eV) Percentage 
(%) 

Ni2P 
NDs/NF 

The satellite peaks of Ni; 

(Co); (P) 2p 

861,879.7; 0,0; 

129.8,130.5 
59.8; 0; 5.2 

Oxidized Ni; (Co) species 855.7,873.4; 0,0 37.3; 0 

Ni-P; (Co-P); (P-O) 852.6,870.3; 0,0; 134 2.9; 0; 94.8 

Ni1.51Co0.49P 
NDs/NF 

The satellite peaks of Ni; 

(Co); (P) 2p 

861,879.3; 786.3,803.2; 

129.5,130.1 
68.7; 53.5; 6.3 

Oxidized Ni; (Co) species 855.7,873.5; 781.4,797.1 28.3; 32.7 

Ni-P; (Co-P); (P-O) 
853,867.6; 778.3,793.4; 

134.9 
3; 13.8; 93.7 

Ni1.32Co0.68P 
NDs/NF 

The satellite peaks of Ni; 

(Co); (P) 2p 

862.1,880.6; 786.2,803.3; 

129.3,130 
56.8; 62.6; 2.8 

Oxidized Ni; (Co) species 856.7,874.2; 782,798.1 41.4; 33.2 

Ni-P; (Co-P); (P-O) 
852.7,868.4; 777.7,794.1; 

134.7 
1.8; 4.2; 97.2 

Ni1.01Co0.99P 
NDs/NF 

The satellite peaks of Ni; 

(Co); (P) 2p 

861.7,880.6; 785.3,803; 

129.2,129.7 
57.8; 59.9; 5.5 

Oxidized Ni; (Co) species 856.8,874.8; 781.7,797.9 40; 28.6 

Ni-P; (Co-P); (P-O) 
853.2,869.5; 778.3,793.4; 

133.5 
2.2; 11.5; 94.5 

Ni0.67Co1.33P 
NDs/NF 

The satellite peaks of Ni; 

(Co); (P) 2p 

861.3,880.4; 785.9,803.3; 

129.2,130.1 
59.7; 61.9; 2.9 

Oxidized Ni; (Co) species 856.9,874.8; 781.9,797.8 34.3; 33.8 

Ni-P; (Co-P); (P-O) 
853.1,870.5; 778.5,793.2; 

133.9 
6; 4.3; 97.1 

Ni0.52Co1.48P 
NDs/NF 

The satellite peaks of Ni; 

(Co); (P) 2p 

862,880.7; 786.1,802.8; 

129.4,130.2 
63.8; 51.7; 3.7 

Oxidized Ni; (Co); species 856.7,874.5; 782,798.2 33.7; 31.8 

Ni-P; (Co-P); (P-O) 
852.8,870.9; 778.2,792.3; 

134.5 
2.5; 16.5; 96.3 

  



Table S3. Comparison of HER performance with other reported electrocatalysts. 

Catalysts iR 
correction Substrate η10 (mV) Tafel slope 

(mV/dec) Ref. 

Ni1.01Co0.99P NDs/NF 90% NF 66 65.4 This work 

Ni5%CoP 100%  84 67 46 

NiCoP-5% -  88 41 44 

CoP@NiCoP - CC 71 148 38 

0.4-Co2P/NixPy@NF 90% NF 80 86 34 

Mo-NiCoP-3 100%  76 60 42 

FeP-CoP/NC Without iR 
correction NC 79 71 43 

Co-NixPy@Co3O4 100% NF 72 56.26 41 

G@Co-W-P 100%  91.5 61.2 48 

NiFe-LDH/NiCoP Without iR 
correction NF 120 88.2 49 

P-CoNi2S4 100%  135 65 45 

 

Table S4. The value of ECSA for each catalyst investigated in 1 M KOH for HER. 

Catalysts Cdl/mF cm-2 ECSA/cm2 

Ni1.01Co0.99P NDs/NF 19.56 489 

Ni2P NDs/NF 1.21 30.25 

Ni1.51Co0.49P NDs/NF 5.5 137.5 

Ni1.32Co0.68P NDs/NF 6.42 160.5 

Ni0.67Co1.33P NDs/NF 7.8 195 

Ni0.52Co1.48P NDs/NF 8.65 216.25 

 

  



Table S5. Comparison of OER performance with other reported electrocatalysts. 

Catalysts iR correction Substrate η100 (mV) Tafel slope 
(mV/dec) Ref. 

Ni0.67Co1.33P NDs/NF 90% NF 298 50.1 This work 

NiCoP-5% -  ~330 66 44 

NiCoP/NF 100% NF ~310 49.5 57 

0.4-Co2P/NixPy@NF 90% NF 300 162 34 

Mo-NiCoP 90% NF ~320 49.4 56 

Fe-NiCoP@C Without iR 
correction NF 410 36 55 

Ni-Co-Fe-P -  ~340 85.64 52 

Co2P/Ni2P-2%Mo Without iR 
correction NF 357 46.1 57 

FeP-CoP/NC Without iR 
correction NC 392 73 43 

CoO-CoP 90% NF 365 90 54 

 

 

Table S6. The value of ECSA for each catalyst investigated in 1 M KOH for OER. 

Catalysts Cdl/mF cm-2 ECSA/cm2 

Ni0.67Co1.33P NDs/NF 17.46 436.5 

Ni2P NDs/NF 0.65 16.25 

Ni1.51Co0.49P NDs/NF 11.3 282.5 

Ni1.32Co0.68P NDs/NF 6 150 

Ni1.01Co0.99P NDs/NF  3.24 81 

Ni0.52Co1.48P NDs/NF 1.02 25.5 

 
 
  



Table S7. Comparison of Overall water splitting performance with other reported 

electrocatalysts. 

Catalysts Substrate Cell voltage (V) 
at 100 mA cm-2 Ref. 

Ni0.67Co1.33P NDs/NF ‖ Ni0.67Co1.33P NDs/NF NF 1.62 This work 

0.4-Co2P/NixPy@NF ‖ 0.4-Co2P/NixPy@NF NF 1.74 44 

NiCoP/CC ‖ NiCoP/CC NF ~1.77 37 

CeO2-NiCoP ‖ CeO2-NiCoP NF ~1.68 34 

Mo-NiCoP ‖ Mo-NiCoP NF 1.70 56 

NiCoP/NF ‖ NiCoP/NF NF 1.74 57 

NFP500-30 ‖ NFP500-30 NF 1.76 58 

 
  



 
Figure S1. XRD patterns of NixCo2-x-pre. without NF. 

 
Figure S2. XPS full spectra of (a) Ni1.01Co0.99P NDs/NF and (b) Ni0.67Co1.33P 
NDs/NF. 
 
  



 

 
Figure S3. The effects of phosphating on the HER activity of the Ni1.01Co0.99P 
NDs/NF in 1 M KOH electrolyte. (a) LSV curves for HER, (b) The Tafel plots 
corresponding to HER LSV curves 
 
 

 
 

Figure S4. CV curves at different scanning rates 20, 40, 60, 80, 100, 120 mV s-1 for 
HER in 1.0 M KOH 
  



 

Figure S5. Cdl values of different catalysts for HER in 1.0 M KOH 

 
Figure S6. Time-dependent current density curve of Ni1.01Co0.99P NDs/NF under 
static potential of -1.24 V for 30 h. 
 
 
 



 

 
 

Figure S7. The effects of phosphating on the OER activity of the Ni0.67Co1.33P 
NDs/NF in 1 M KOH electrolyte. (a) LSV curves for OER, (b) The Tafel plots 
corresponding to HER LSV curves. 
 
 

 

Figure S8. CV curves at different scanning rates of 20, 40, 60, 80, 100, 120 mV s-1 
for OER in 1.0 M KOH 
  



 
Figure S9. Cdl values of different catalysts for OER in 1.0 M KOH 

 
Figure S10. Time-dependent current density curve of Ni0.67Co1.33P NDs/NF under 
static potential of 1.32 V for 30 h. 
  



 

 
Figure S11. Time-dependent current density curve for Pt-C/NF ǁ RuO2/NF at a 
potential of 1.58 V 
 
 

 

 
Figure S12. Reaction free-energy diagrams for HER of Co site on NixCo2-xP. 
  



 
Figure S13. Reaction free-energy diagrams for OER of Ni site on NixCo2-xP at 0 V. 

 
Figure S14. Calculated charge density differences of (a) Co-Ni1.01Co0.99P for HER 
and (b) Ni-Ni0.67Co1.33P for OER. The Ni, Co, and P atoms are marked in green, rose 
red, and purple, respectively. The yellow and cyan regions refer to increased and 
decreased charge distributions, respectively. 
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