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Materials  

Nitric acid nickel(II) hexahydrate (Ni(NO3)2·6H2O, AR, ≥98.0%), ammonium 

molybdate tetrahydrate ((NH4)6Mo7O24·4H2O, AR, ≥99.0%), chromium(III) 

chloride hexahydrate (CrCl3·6H2O, AR, ≥99.0%), potassium hydroxide (KOH), urea 

(CO(NH2)2), and hydrochloric acid (HCl, AR, 36.0%–38.0%) were purchased from 

Sinopharm Chemical Reagent Co.,Ltd. All chemical reagents were used without any 

further purification. The distilled water used in all experiments was purified by a 

Millipore system (18.25 MΩ·cm).   



 

 

 

 

 

  

Figure S 1 Diagram of nitriding treatment. 



 

 

 

  

Figure S 2 （a）and (b) SEM images of NiMo/NF. 



 

 

 

 

 

 

  

Figure S 3 SEM images of (a) and (e) NiMoCr(1)/NF; (b) and (f) NiMoCr(3)/NF; (c) and (g) 

NiMoCr(5)/NF; (d) and (h) NiMoCr(7)/NF. 



 

 

 

 

 

  

Figure S 4 (a) XRD pattern and (b) Raman spectrum of NiMo/NF, NiMoCr(1)/NF, NiMoCr(3)/NF, 

NiMoCr(5)/NF and NiMoCr(7)/NF. 



 

 

 

 

  

Figure S 5 (a) SEM image of NiMoCr(5)-N/NF, along with the designated positions for line and 

point scans; EDS data are provided in (b) for line scanning and in (c) for point scanning. 



 

 

 

 

  

Figure S 6 The expanded XRD pattern from 5 to 22°. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure S 7 TEM image of NiMoCr(3)-N/NF. 



 

 

 

 

  

Figure S 8  The survery XPS spectra of NiMoCr(3)-N/NF. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure S 9 High resolution XPS spectrum of NiMo/NF.  (a) Ni 2p; (b) Mo 

3d; (c) N 1s and Mo 3p; and (d) O 1s.. 



 

 

 

 

 

 

 

  

Figure S 10 (a) LSV curves; (b) EIS; (c) Cdl curves for NF, NiMo/NF, NiMoCr(1)/NF, 

NiMoCr(3)/NF, NiMoCr(5)/NF and NiMoCr(7)/NF. (d) LSV curves; (e) EIS; (f) Cdl curves for 

NiMo-N/NF, NiMoCr(1)-N/NF, NiMoCr(3)-N/NF, and NiMoCr(5)-N/NF. 



 

 

 

 

 

  

Figure S 11 SEM images of post-reaction (a) NiMoCr(5)-N/NF and (b) NiMo-N/NF electrodes and 

the corresponding DES spots scanning region. 



 

 

 

 

 

  

Figure S 12 the compared HRTEM images of (a) pre-reaction NiMoCr(3)-N/NF and (b) post-reaction 

NiMoCr(3)-N/NF. 



  

Figure S 13 The EDS mapping of the post-reaction NiMoCr(3)-N/NF. 



 

 

  

Figure S 14 High resolution XPS for Cr 2p of pre- and post-reaction of NiMoCr(5)-N/NF. 



Table S 1 The HER performance of transition metal-based catalysts in 1 M KOH. 

 

 

 

 

 

 

 

 

 

 

 

Catalysts 
Overpotential 

(mV@ mA cm-2) 

Tafel slop 

(mV dec-1) 
Ref. 

NiMoCr-N/NF 92 mV @ 100 mA cm-2 64 This work 

Ni2Mo3N/NF 
21.3 mV @ 10 mA cm-2 

123.8 mV @100 mA cm-2 
62 1 

S-NiFe2O4/NF 138 mV @ 10 mA cm-2 61 2 

Ni3S2
 NA/NF 200 mV @10 mA cm-2 107 3 

Ni3S2@MoS2/FeOOH 95 mV @ 10 mA cm-2 85 4 

Ni-Fe-MoN NTs  
55 mV @ 10 mA cm-2 

199 mV @ 100 mA cm-2 
109  5 

V-Ni0.2Mo0.8N 
39 mV @ 10 mA cm-2 

178 mV @ 200 mA cm-2 
37.7  6 

Ni@NCNT/NiMoN/NF 
15 mV @10 mA cm-2 

156 mV @ 100 mA cm-2 
68 7 

N-NiMoO4/NiS2 57 mV @ 10 mA cm-2 74.2 8 

Ni3N-NiMoN 
31 mV @10 mA cm-2 

210 mV @ 100 mA cm-2 
64 9 

NiMo HNRs/TiM 
92 mV @10 mA cm-2 

200 mV @ 100 mA cm-2 
47 10 

Ni(PO3)2–MoO3/NF 
86 mV @10 mA cm-2 

205 mV @ 100 mA cm-2 
50.1 11 

NiMo NWs/Ni 
30 mV @10 mA cm-2 

125 mV @ 100 mA cm-2 
86 12 

NiCo2Px 
58 mV @10 mA cm-2 

127 mV @ 100 mA cm-2 
34.3 13 

C-Ni3S2/NF 
89 mV @10 mA cm-2 

186 mV @ 100 mA cm-2 
85 14 

NF@Ni/C-600 
37 mV @10 mA cm-2 

124 mV @ 50 mA cm-2 
57 15 
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