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Figure S1 (a) XRD pattern of the precursor Ni(bpy)(NO3)2/g-C3N4/Ni(dmgH)2 
and simulated XRD patterns of Ni(bpy)(NO3)2 and Ni(dmgH)2, (b) and (c) the 

crystal structure of Ni(bpy)(NO3)2. (The compound Ni(bpy)(NO3)2 crystallizes in 
the orthorhombic space group Fddd, a = 11.2717(3) Å, b= 20.6009(8) Å, c = 

34.4255(11) Å, α = β = γ = 90°, V = 7993.8(5) Å3, R1 / wR2 (I > 2σ(I)) = 
0.0498/0.1443, R1 / wR2 (all data) = 0.0588/0.1542, GooF = 1.056; the 

simulated XRD patterns of Ni(bpy)(NO3)2 and Ni(dmgH)2 originated from the 
single crystal data, while the single crystal file of Ni(dmgH)2 was obtained from 

the CCDC No.759570) 
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Figure S2 X-ray photoelectron spectra of Ni/NC, Ni2P/NC, Ni5P4-NiP2-Ni2P/NC 
and Ni/NC-B 
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Figure S3 High-resolution XPS spectra of C 1s for the samples Ni/NC, Ni2P/NC 
and Ni5P4-NiP2-Ni2P/NC 
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Figure S4 High-resolution XPS spectrum of P 2s for the sample Ni2P/NC 

 

 
Figure S5 High-resolution XPS spectra of P 2s +B 1s for the sample 

Ni5P4-NiP2-Ni2P/NC 
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Figure S6 High-resolution XPS spectrum of B 1s for the sample Ni/NC-B 
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Figure S7 SEM image for Ni5P4-NiP2-Ni2P/NC after the chronopotentiometric 

test in 0.5 M H2SO4 solution 
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Figure S8 XPS high-resolution spectrum of Ni 2p for Ni5P4-NiP2-Ni2P/NC after 

the chronopotentiometric test in 0.5 M H2SO4 solution 

. 

 
 
 
 
 
 
 
 



9 
 

 

Figure S9 XPS high-resolution spectrum of P 2p for Ni5P4-NiP2-Ni2P/NC after 

the chronopotentiometric test in 0.5 M H2SO4 solution 
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Figure S10 XPS high-resolution spectrum of Ni 2p for Ni5P4-NiP2-Ni2P/NC after 

the chronopotentiometric test in 1 M KOH solution 
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Figure S11 XPS high-resolution spectrum of P 2p for Ni5P4-NiP2-Ni2P/NC after 

the chronopotentiometric test in 1 M KOH solution 
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Figure S12 Electrochemical double-layer capacitance (Cdl) measurements in 
0.5 M H2SO4 for (a) Ni/NC, (b) Ni2P/NC, and (c) Ni5P4-NiP2-Ni2P/NC using CV 
scans at different scan rates from 10 to 100 mV·s−1 
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Figure S13 Electrochemical double-layer capacitance (Cdl) measurements in 1 
M KOH for (a) Ni/NC, (b) Ni2P/NC, and (c) Ni5P4-NiP2-Ni2P/NC using CV scans 
at different scan rates from 10 to 100 mV·s−1 
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Table S1 Microstructural properties obtained by RRM for the sample Ni5P4-NiP2-Ni2P/NC 

Phases 
Mass percentage 

wt.% 

Lattice parameter 

Å 

Crystallite size 

nm 

Ni5P4 (P63mc) 35.84 (0.48) 
a = b = 6.7909 (5×10−4) 

c = 10.9954 (1×10−3) 
90.4 (3.4) 

NiP2 (Pa3) 49.26 (0.66) a = 5.4547 (3×10−4) 70.6 (1.3) 

Ni2P (P62m) 14.90 (0.42) 
a = b = 5.8744 (2×10−3) 

c = 3.3858 (2×10−3) 
30.3 (1.3) 
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Table S2 Surface atomic compositions obtained from XPS spectra for the as-prepared samples 

samples C 1s (at %)  O 1s (at %) N 1s (at %) P 2p (at %) Ni 2p (at %) 
Ni2P/NC 80.57 11.01 5.25 1.85 1.32 

Ni5P4-NiP2-Ni2P/NC 83.16 6.99 5.77 2.62 1.46 
Ni/NC 89.21 3.56 6.00 0 1.24 

 
  



16 
 

Table S3 Comparison of the HER performance of the heterostructured catalysts comprising different nickel phosphides in the 
literatures and this work 

Catalysts Substrate a 

0.5 M H2SO4 1 M KOH 

Refs 
η10 (mV) 

Tafel slope 

(mV dec-1) 

Loading 
(mg cm−2) η10 (mV) 

Tafel slope 

(mV dec-1) 

Loading 

(mg cm−2) 

Ni5P4-NiP2-Ni2P/
NC GCE 168 69 0.204 202 74 0.204 This work 

Ni2P/Ni5P4@NC-
30 GCE 104 38.5 0.35 113 89.5 0.35 [1] 

Ni2P@PCG GCE 110 58.6 0.51 150 79.4 0.51 [2] 

Ni2P/CNS GCE 174 64 0.429 315 120 0.429 [3] 

Ni2P@C-400 GCE 186 64 0.566 342 N/A 0.566 [4] 

Ni2P/CNT GCE 124 53 0.184 N/A N/A N/A [5] 

Ni2P/Ni5P4@3DN
G GCE 139 59 N/A N/A N/A N/A [6] 

Ni2P-MOF GCE 172 62 0.35 N/A N/A N/A [7] 

Ni2P/C GCE 198 113.2 N/A N/A N/A N/A [8] 
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Ni-Ni12P5@CNTs/
rGO-0.5 GCE 217.4 69.33 0.102 N/A N/A N/A [9] 

Ni12P5-Ni2P/Ni/N
F Ni/NF 83 68 N/A 129 70 N/A [10] 

Ni5P4-Ni2P-NS NF 120 79.1 N/A N/A N/A N/A [11] 

Ni2P-NRs/Ni NF 131 106.1 N/A N/A N/A N/A [12] 

Ni5P4-NiP2 
nanosheet NF 174 83.9 N/A N/A N/A N/A [13] 

Ni2P–NiP2 hollow 
nanoparticle NF N/A N/A N/A 59.7 58.8 5 [14] 

Ni2P–Ni12P5/NF NF N/A N/A N/A 76 68 N/A [15] 

Ni2P@NC/NF NF N/A N/A N/A 93 77.83 N/A [16] 

Ni2P/CC CC 119 50 N/A 148 N/A N/A [17] 

NiP2-650(c/m) CC 160 60.2 N/A 134 67 N/A [18] 
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CC@Ni-P CC 93 58.2 N/A N/A N/A N/A [19] 

Ni12P5-Ni2P CC 166 60 0.25 N/A N/A N/A [20] 

Ni2P-Ni5P4 arrays CC N/A N/A N/A 102 83 N/A [21] 

a GCE: glassy carbon electrode, NF: nickel foam, CC: carbon cloth; N/A: Not available 
  



19 
 

Table S4 Electrochemical active surface area (ECSA) of the as-prepared composites 
Catalysts Electrolytes Cdl (μF) ECSA (cm2) 

Ni2P/NC 0.5 M H2SO4 1300 32.5 
1 M KOH 1500 37.5 

Ni5P4-NiP2-Ni2P/NC 0.5 M H2SO4 1320 33 
1 M KOH 1590 39.8 

Ni/NC 0.5 M H2SO4 980 24.5 
1 M KOH 1110 27.8 
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