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Fig. S1 (a) Low- and (b) high-magnification SEM images of Ni@Ni-Mo. 

(c) Surface XRD pattern and (d) EDX spectrum.
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Fig. S2 SEM images of the samples prepared at (a,b) 500°C, (c,d) 600°C, 

(e,f) 700°C and (g,h) 800°C.
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Fig. S3 XRD patterns of (a) Ni4Mo and (b) Ni12P5.

Fig. S4 XPS survey of Ni-Mo-P surface.
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Fig. S5 (a) Polarization curves of the Ni-Mo-P electrodes synthesized at 

different phosphorization temperature in 1.0 M KOH solution with a scan 

rate of 10 mV s-1. (b) The capacitive current densities at 0.075 V as a 

function of scan rate for Ni-Mo-P synthesized at different temperature.

Fig. S6 The equivalent circuit model used to fit the Nyquist plots. 
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Fig. S7 (a) Side and (b) top views of the optimized structure of Ni4Mo (a 

= b=5.725 Å, c = 3.559 Å). (c) Side and (d) top views of the optimized 

structure of Ni12P5 (a = b = 8.629 Å, c = 5.036 Å). Ni atoms: blue, Mo 

atoms: tawny brown, P atoms: purple.
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Fig. S8 (a) top-down view of the Ni4Mo (101) and (b) possible adsorption 

sites of corresponding surface. Table S1. Adsorption energies and 

structure parameters for the hydrogen adsorption onto 5 Layer of Ni4Mo 

(101). The preferable adsorption sites were highlighted with red rectangle. 

All the following discussions have the similar highlight.

Fig. S9 (a) top-down view of the Ni4Mo (110) and (b) possible adsorption 

sites of corresponding surface. Table S2. Adsorption energies and 

structure parameters for the hydrogen adsorption onto 5 Layer of Ni4Mo 

(110).
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Fig. S10 (a) top-down view of the Ni4Mo (310) and (b) possible 

adsorption sites of corresponding surface. Table S3. Adsorption energies 

and structure parameters for the hydrogen adsorption onto 5 Layer of 

Ni4Mo (310).

Fig. S11 (a) top-down view of the Ni4Mo (312) and (b) possible 

adsorption sites of corresponding surface. Table S4. Adsorption energies 

and structure parameters for the hydrogen adsorption onto 5 Layer of 

Ni4Mo (312).
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Fig. S12 (a) top-down view of the Ni12P5 (312) and (b) possible 

adsorption sites of corresponding surface. Table S5. Adsorption energies 

and structure parameters for the hydrogen adsorption onto 5 Layer of 

Ni12P5 (312).

Fig. S13 (a) top-down view of the Ni12P5 (211) and (b) possible 

adsorption sites of corresponding surface. Table S6. Adsorption energies 

and structure parameters for the hydrogen adsorption onto 5 Layer of 

Ni12P5 (211).
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Fig. S14 (a) top-down view of the Ni12P5 (301) and (b) possible 

adsorption sites of corresponding surface. Table S7. Adsorption energies 

and structure parameters for the hydrogen adsorption onto 5 Layer of 

Ni12P5 (301).

Fig. S15 (a) top-down view of the Ni12P5 (332) and (b) possible 

adsorption sites of corresponding surface. Table S8. Adsorption energies 

and structure parameters for the hydrogen adsorption onto 5 Layer of 

Ni12P5 (332). 
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Fig. S16 Projected density of states (PDOS) for (a) Ni and (b) P in Ni12P5, 

and (c) Ni and (d) P in Mo-doped Ni12P5.

Fig. S17 DOS of d band of Ni12P5 and Mo-doped Ni12P5.


