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Experimental methods 

1. Calculation of turnover frequency (TOF).    

The TOF values are calculated depend on the equation shown below [S1-S2].  
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The total number of hydrogen turn overs is calculated from the current density 

according to the following equation. 
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The surface sites of catalyst are calculated as following: 
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The property of surface active sites of catalysts is still not well understood, and the 

accurate number of HER active sites for H desorption is also unknown. Therefore, we 

assume that the total surface sites as the active sites, including both Ni and Mo atoms. 

Due to the predominant presence of NiMo alloy on the surface, NiMo is taken as an 

example to show the calculation of active sites per surface area as below,  
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Figure S1. The XRD patterns of pristine NiMoO4 and samples annealed at 400oC and 

500oC for 20 min. The pristine NiMoO4 and sample annealed at 400oC match well with 

standard peaks of NiMoO4∙xH2O (JCPDS #13-0128). When the annealing temperature 

reached 500oC, the crystalline water has been totally removed, and the peaks match well 

with NiMoO4 (JCPDS #33-0948). 

 

 



 

Figure S2. The XRD patterns of porous NiMo alloy samples annealed at 800oC, 900oC 

and 950oC for 20 min. 

 

 

 

  



 

Figure S3. Nitrogen absorption and desorption measurements of porous NiMo alloy 

annealed at 950oC for 20 min. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S1. The HER performances of porous NiMo alloy and other reported catalysts. 

Catalyst Onset 

overpotential 

(mV) 

Overpotential at 

10 (mA cm-2) 

Tafel slope 

(mV/dec) 

TOF 

(s-1) 

Electrolyte reference 

3D porous 

NiMo 

2 18 36 0.89 at 

100 mV 

1 M KOH This work 

NiMoN 32 109 95 - 1 M KOH S3 

CoP - 54 51 - 1 M KOH S4 

NiMoNx/C 78 300 36 - 0.1 M HClO4 S5 

NiCoP - 167 71 0.056 at 

100 mV 

1 M KOH S6 

Mo2C 37 112 55 - 0.1 M KOH S7 

NiMo 

nanopoders 

20 126 - - 1 M KOH S8 

WC/CNTs 45 150 106 - 0.1 M KOH S9 

CoSe2 80 200 85 - 1 M KOH S10 

ZnCoS 40 100 48 - 0.1 M KOH S11 

Co/Co3O4 30 95 44 - 1 M KOH S12 

CoMoP@C - 81 55 - 1 M KOH S13 

Ni3S2@NPC 30 61 68 - 1 M KOH S14 

Ni4Mo 0 15 30 0.4 at  

50 mV 

1 M KOH S15 

NiCN 10 31 40 8.52 at 

200 mV 

1 M KOH S16 

Ru@C2N 9.5 22 30 - 1 M KOH S17 

Ni5P4 - 49 98 0.79 at 

100 mV 

1 M KOH S18 
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