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1. DFT calculations  
 

 

Figure S1. Hexagonal crystal structures of the Ni2-xCoxP: (a) Crystal structure of 

Ni2P(a = b = 5.884 Å, c = 3.369 Å); (b) Crystal structure of Ni1.67Co0.33P  (a = b = 5.871Å, c = 

3.338 Å); (c) Crystal structure of Ni1.33Co0.67P (a = 5.838 Å, b = 5.849 Å, c = 3.325Å); (d) Crystal 

structure of NiCoP (a = b = 5.805 Å, c = 3.344 Å); (e) Crystal structure of Ni0.67Co1.33P (a = 5.729, 

b = 5.893 Å,  c = 3.363Å); (f) Crystal structure of Ni0.33Co1.67P (a = 5.673 Å ,b = 5.794 Å, c = 3.389 

Å); (g) Crystal structure of Co2P (a = b = 5.725 Å, c = 3.409 Å).  
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Figure S2. Top view of the (0001) surface of Ni2-xCoxP (left panel) and the (0001) surface on which 

H*absorbed (right panel).(a) the (0001) surface of Ni2P (dNi-H = 1.793 Å); (b) the (0001) surface of 

Ni1.67Co0.33P (dNi-H = 1.801 Å); (c) the (0001) surface of Ni1.33Co0.67P (dNi-H = 1.804 Å); (d) the 

(0001) surface of NiCoP (dNi-H = 1.792 Å); (e) the (0001) surface of Ni0.67Co1.33P (dNi-H = 1.821 Å, 

dCo-H = 1.747 Å); (f) the (0001) surface of Ni0.33Co1.67P (dNi-H = 1.874 Å, dCo-H = 1.769 Å); (g) the 

(0001) surface of Co2P(dCo-H = 1.801 Å).  

 

Table S1. Calculated adsorption energies and Gibbs free energies of H adsorption on Ni2-xCoxP (0001) 

surface. 

Composition ΔEH (eV) ΔEZPE (eV) Δ0→298.15KΔHH (eV) - TΔSH (eV) ΔGH* (eV) 

Ni2P -0.228  0.067 0.052 0.205  0.096 

Ni1.67Co0.33P -0.196 -0.014 0.052 0.205  0.047 

Ni1.33Co0.67P -0.211 -0.005 0.052 0.205  0.041 

NiCoP -0.325  0.043 0.052 0.205 -0.025 

Ni0.67Co1.33P -0.508  0.039 0.052 0.205 -0.212 

Ni0.33Co1.33P -0.565  0.038 0.052 0.205 -0.270 

Co2P -0.699  0.058 0.052 0.205 -0.384 

 

  

Co   Ni    P     H

a

b

c

d

e

f

g



4 

 

2. Size distribution and geometric surface area 

 

Figure S3. Size distributions of Ni2-xCoxP (x = 0, 0.2, 0.6, 1.0, 1.2, 1.4, 1.8 and 2.0) NCs. 

 

Table S2. Volume, surface and mass per NC, and geometric specific surface area of Ni2-xCoxP NCs 

calculated from their geometry and estimated density. 

Catalysts V (nm
3
) S (nm

2
) m (10

-21
 g) s/m (m

2
 g

-1
) 

Ni2P 230 181 1702 107 

Ni1.8Co0.2P 382 254 2832 90 

Ni1.4Co0.6P 1150 531 8566 62 

NiCoP 904 450 6762 67 

Ni0.8Co1.2P 423 319 3168 101 

Ni0.6Co1.4P 198 194 1485 131 

Ni0.2Co1.8P 102 133 768 173 

Co2P 933 678 7032 96 

The density of Ni2P and Co2P is 7.41 and 7.54 g/cm
3
, respectively. The density of Ni2-xCoxP is 

calculated by the following equation: 

ρ =
7.41(2 − 𝑥) + 7.54𝑥

2
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3. Additional HRTEM characterization 
 

 

Figure S4. HRTEM micrograph of Ni0.6Co1.4P NCs (a), detail of the NC in red (b) and its 

corresponding power spectrum (c). 

 

Figure S5. HRTEM micrograph of Ni0.6Co1.4P NCs (a), detail of the NC in yellow (b) and its 

corresponding power spectrum (c). 
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Figure S6. STEM – EELS elemental composition maps of a selected area of NiCoP nanocrystals on 

the left image: Ni (green), Co (red) and combination Ni+Co. 

 

Figure S7. Ni and Co quantification maps obtained in the squared area of the STEM images in 

Figure S6, together with a table representing the quantification of the numbered particles.  
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Figure S8. STEM – EELS elemental composition maps of a selected area of Ni0.4Co1.6P 

nanocrystals on the left image: Ni (green), Co (red) and combination Ni+Co. 

 

Figure S9. Ni and Co quantification maps obtained in the squared areas of the STEM images in 

Figure S8, together with a table representing the quantification of the numbered particles. 

 

 

 

  

1 0  n m 1 0  n m

1 0  n m 1 0  n m

ADF Ni

Co Ni+Co

Target/Particle Ni (%) Co (%) Composition

Target 30 70 Ni0.6Co1.4

1 30.02 69.98 Ni0.6Co1.4

2 37.54 62.46 Ni0.75Co1.25

3 31.54 68.46 Ni0.63Co1.37
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4. XPS survey 
 

 

Figure S10. XPS survey of NiCoP nanocrystals. 
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5. Crystal structure 
 

 

Figure S11. Hexagonal Ni2-xCoxP structure type. 
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6. Cl-free precursor 

 

 

Figure S12. SEM micrograph of Co2P nanorods obtained using Co(NO3)2 · 6H2O instead of CoCl2 

as cobalt precursor (Co(NO3)2·6H2O : HDA : TPP = 1 : 10 : 10) 
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7. Additional electrochemical measurements 
 

Figure S13. Tafel plots for the Ni2-xCoxP NCs. Tafel slopes for Ni2-xCoxP (x from 0 to 0.2, 0.6, 1, 

1.2, 1.4, 1.6, 1.8, 2) are: 76, 70, 58, 51, 54, 61, 65, 67 mV dec
-1

. 

 

 

 

Figure S14. Time-dependent current density curve of NiCoP at an overpotential of 150 mV for 12 h. 
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8. Comparison of catalysts 
 

Table S3. References of electrocatalysts for HER. 

Catalyst Substrate Electrolyte η at 10 mA cm
-2

 References 

MoS2 Carbon fiber 0.5 M H2SO4 104 1 

Mo2C GCE 0.5 M H2SO4 70 2 

MoN GCE 0.5 M H2SO4 125 3 

MoN GCE 1.0 M KOH 139 3 

CoSe2 Carbon fiber 0.5 M H2SO4 137 4 

WS2 GCE 0.5 M H2SO4 100 5 

Ni3S2 Ni foam 1.0 M KOH 200 6 

Co2P Ti foil 0.5 M H2SO4 134 7 

FeP GCE 0.5 M H2SO4 100 8 

MoC-Mo2C GCE 0.5 M H2SO4 126 9 

Fe3C@NCNT GCE 0.5 M H2SO4 154 10 

Fe3C@NCNT GCE 1.0 M KOH 378 10 

WC/graphene Ga-W foil 0.5 M H2SO4 120 11 

MoS2/rGO GCE 0.5 M H2SO4 120 12 

W(S0.48Se0.52)2 Carbon fiber 1 M H2SO4 298 13 

WS2(1-x)P2x Carbon fiber 0.5 M H2SO4 98 14 

Co9S8-MoSx Carbon fiber 0.5 M H2SO4 98 15 

Mn0.05Co0.95Se2 GCE 0.5 M H2SO4 174 16 

CoMoS3 GCE 0.5 M H2SO4 171 17 

NiCoP GCE 0.5 M H2SO4 97 This work 

NCNT: N-doped carbon nanotubes 

rGO: reduce graphene oxide 

GCE: glassy carbon electrode 
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Table S4. References for synthesis of NiCoP. 

    Controlled   

Materials Method Metal precursors P precursor Composition Size Shape η10  Ref. 

NiCoP 

Plasma-

assisted NiCo hydroxide PH3 gas No No No 32 18 

Ni-Co-P 

Electro-

deposition NiCl2, Co(NO3)2 NaH2PO2 No No No 30 19 

NiCoP Annealing Ni-Co-salt NaH2PO2 No No No 101 20 

NiCoP Annealing Ni-Co carbonate NaH2PO2 No No No 118 21 

NiCoP Annealing NiCo hydroxide NaH2PO2 No No No 124 22 

NiCoP Annealing NiCo hydroxide NaH2PO2 No No No 104 23 

NiCoP Annealing Ni1-0.5xCo0.5x(OH)2 NaH2PO2 Yes No No 59 24 

NiCoP Annealing NiCo hydroxide NaH2PO2 No No No 185 25 

Ni-Co-P Annealing Ni-Co-PBA NaH2PO2 No No No 167 26 

NiCoP Annealing NiCo2O4 NaH2PO2 Yes No No 44 27 

NiCo2Px Annealing NiCo2O4 NaH2PO2 No No No 104 28 

Ni0.69Co0.31P Annealing NiCoOx NaH2PO2 Yes No No 100 29 

NiCoP Colloidal 

Ni(acac)2, 

Co(acac)2 TOP No No No 102 30 

Co1.6Ni0.4P Colloidal 

Ni(acac)2, 

Co(acac)2 TOP Yes No No 162 31 

Ni2-xCoxP Colloidal 

Ni(OAc)2, 

Co(OAc)2 PPh3 Yes No No >250 32 

NiCoP Colloidal NiCl2, CoCl2 TPP Yes Yes Yes 97 

This 

work 
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