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Figure S1. Schematic illustration of the axial screw dislocation-driven growth mechanism of 

Zn@Ni-P NWs.

   Figure S2. XRD pattern of Zn@Ni-P NWs and the JCPDS card of Zn.
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Figure S3. XPS characterization comparison for peaks shift. (a) survey spectra, (b) Zn 2P spectra. 

Figure S4. HRTEM image of a core-shell Zn@Ni-P NW.



Figure S5. EDS elemental mapping images for Zn (a, e), Ni (b, f), P (c, g) and O (d, h) of Zn@Ni-P 

NWs (a, b, c and d) and Ni-P/Ni(OH)2 NTs (e, f, g and h).



Figure S6. AFM image of a Zn@Ni-P NW.

Figure S7. SEM images of the Zn@Ni-P NWs obtained at different growth time. (a) 5 s, (b) 10 s, (c) 

30 s, (d) 1min, (e) 5 min and (f) 15 min.



Figure S8. Cross-sectional SEM images of (a) Zn@Ni-P NWs, and (b) Ni-P/Ni(OH)2 NTs.

Figure S9. Zero-beam bright field TEM images showing a pair of twist contours. (a) and (b) are two 

different Zn@Ni-P NWs.



Figure S10. Electrochemical surface area (ECSA) measurements of of the Ni-P/Ni(OH)2 NTs in the 

1 M KOH. (a) CV curves of the Ni-P/Ni(OH)2 NTs with different scan rates in the non-faradic 

reaction range, (b) current differences plotted against scan rates. The linear slope is two times the 

double-layer capacitance Cdl. 

Figure S11. TEM image of the Ni-P/Ni(OH)2 NTs.



Figure S12. (a) TEM image of the crystalline/amorphous Ni-P/Ni(OH)2 NTs . Insert is the SAED 

pattern; (b) HRTEM image of the crystalline/amorphous Ni-P/Ni(OH)2 NTs.

Figure S13. H* adsorption models of (a) c-Ni3P, and (b) d-Ni3P.



Figure S14. H* adsorption models of (a) amorphous Ni-P, and (c) heterostructure. OH-H* 
adsorption models of (b) amorphous Ni-P, and (d) heterostructure.



Table S1. Comparison of the overpotential of various transition metal phosphides in 1 M KOH at the 

current density of 10 mA cm-2 

HER electrocatalysts Ƞ10(mV) References

Ni5P4 -47 1

This work -54.7

NiCoPx NW -58 2

MoP@RGO -70 3

CoP/CNTs -76 4

Mo-Ni2P NW -78 5

P-Mo2C@NC -83 6

MoP/CNTs -86 7

Ni0.5Co0.5P -87 8

CoP2/RGO -88 9

CO-P -94 10

Mn-Ni2P NS -103 11

Cu3P NS -105 12

P-Co3O4 -120 13

CoP3 NSs -121 14

MoP/C -125 15

Co2P@NPC -129 16

Cu3P MSs -130 17

Ni1.5Fe0.5P -158 18

CoP/C -163 19

Co/CoP–NC -180        20



Table S2. Thermodynamic data used in the calculations of Gibbs free energy.

E(eV) Corrected value for G G

H2O -14.218518 0.083711 -14.134807

H2 -6.77 -0.047005 -6.817005

c-Ni3P -183.32363 0 -183.32363

c-Ni3P-H -187.433554 0.164639 eV -187.268915

d-Ni3P -175.46976 0 -175.46976

d-Ni3P-H 179.45810 0.163664 -179.294436

Amorpohous Ni3P -111.96887 0 -111.96887

Amorpohous Ni3P-H -115.58735 0.204564 -115.382786

Amorpohous Ni3P-OH-H -126.31185 0.504250 -125.8076

Heterstructure -322.25478 0 -322.25478

Heterstructure-H -325.74428 0.176825 -325.567455

Heterstructure-OH-H 337.00965 0.501006 337.510656
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