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Experimental 

Preparation of bulk Ni-MOF-74 electrodes. Typically, 8.0 mg Ni-MOF-74, 10 μl 5% nafion and 500 μl ethanol 

was sonicated at least 30 min to form the ink. And then the ink was dropped into 1 × 1 cm NF and dried by hot air. 

All Ni foam electrode substrates were etched in 3.0 M HCl solution for 30 min to remove the native nickel oxide on 

the surface and was washed by DI water several times prior to pasting.  

 

 

 

Scheme S1. The synthesis scheme of Ni NPs/C@Ni-MOF-74/NF. 
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Fig. S1 a) SEM image of Ni-MOF-74/NF; SEM images of b) Ni NPs/C@Ni-MOF-74(6 h), c) Ni NPs/C@Ni- 

MOF-74(12 h), d) Ni NPs/C@Ni-MOF-74(18 h), and e) Ni NPs/C@Ni-MOF-74(24 h) (black scale bar is 10 μm). 

 

 

 

 

 

 

Fig. S2 SEM image of Ni-MOF-74. 
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Fig. S3 a) TEM image; b) HRTEM image with electron diffraction (inset); c) STEM image; d) HADDF- 

STEM image; d-g) elemental mappings of Ni-MOF-74.  

 

 

 

 

Fig. S4 Raman spectra of Ni-MOF-74/NF, Ni NPs/C@Ni-MOF-74(6 h), Ni NPs/C@Ni-MOF-74(12 h), Ni NPs/C@ 

Ni-MOF-74(18 h), and Ni NPs/C@Ni-MOF-74(24 h).  
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Fig. S5 Optical images of a) initial Ni NPs/C@Ni-MOF-74(18 h), b) Ni NPs/C@Ni-MOF-74(18 h) treated with 

0.1M HCl, and c) Ni NPs/C@Ni-MOF-74(18 h) rinsed with 0.1M HCl. 

 

 

 

Fig. S6 a) XPS survey spectra of Ni NPs/C@Ni-MOF-74(18 h) before and after HCl treatment; b) XPS 

spectrum of Ni 2p of Ni NPs/C@Ni-MOF-74(18 h) after HCl treatment; c) XPS spectra of C1s and d) O 1s 

of Ni NPs/C@Ni-MOF-74(18 h) before and after HCl treatment. 

 

In detail, the residue is carbon since the Ni NPs/C@Ni-MOF-74(18 h) frameworks are all collapsed after 
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acid treatment. With the comparison of both full XPS spectra, a big change occurs after acid treatment. In 

addition, the weak signals of Ni 2p core peaks are observed as shown in Figure S6b, implying that only 

few Ni2+ ions are absorbed by the carbon residue. In addition, XPS spectra of C 1s and O 1s of Ni 

NPs/C@Ni-MOF-74(18h) after acid treatment also confirms the residue is carbon because they are different 

from those of the ligand (2-aminoterephthalic acid) inside the frameworks. 

 

 

 

 

 

 

 

Fig. S7 N2 adsorption-desorption isotherms of Ni-MOF-74/NF, Ni NPs/C@Ni-MOF-74(6 h), Ni NPs/C@Ni- 

MOF-74(12 h), Ni NPs/C@Ni-MOF-74(18 h), and Ni NPs/C@Ni-MOF-74(24 h) at 77K.  
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Fig. S8 Pore size distribution plots of Ni-MOF-74/NF, Ni NPs/C@Ni-MOF-74(6 h), Ni NPs/C@Ni-MOF-74(12 

h), Ni NPs/C@ Ni-MOF-74(18 h), and Ni NPs/C@Ni-MOF-74(24 h). 
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Fig. S9 TGA curve of Ni NPs/C@Ni-MOF-74(18 h) under air atmosphere up to 800 ℃. 

As we know, the formula of Ni-MOF-74 was Ni2(C8H6O8), Mw = 347.51. The decompose chemical equation of the 

generated Ni NPs/C@Ni-MOF-74 is assumed that: 

Ni2(C8H6O8) → 2Ni + 5C + 2CO2↑+ CO↑+ 3H2O 

Given that mtotal = 2.26 mg, mresidure = 1.09 mg 

nNi-MOF-74 = (mtotal × 0.001 - ((58.69 + 60.00) ÷ 74.69 × mresidure × 0.001)) / (347.51 - 2 × (58.69 + 60.00)) = 4.72 × 

10-6 mol 

nNi = (mresidure × 0.001 / 74.69) - (2 × nNi-MOF-74) = 5.21 × 10-6 mol 

Molar ratio of Ni : Ni-MOF-74 ≈ 1.1 : 1 

Mass ratio of Ni particles in Ni NPs/C@Ni-MOF-74(18 h) ω = nNi × 58.69 ÷ (mtotal × 0.001) = 13.55 % 

 

 

 

Fig. S10 LSVs of Ni NPs/C@Ni-MOF-74/NF(18 h), Ni-MOF-74/NF and their counterparts. 
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Fig. S11 LSVs of all as-prepared catalysts before and after 12 h electrolysis. 
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Fig. S12 Chronopotentiometric curves of various catalysts at current density of 10 mA cm-2. 
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Fig. S13 SEM images of a) Ni-MOF-74/NF, b) Ni NPs/C@Ni-MOF-74(6 h), c) Ni NPs/C@Ni- MOF-74(12 h), d) 

Ni NPs/C@Ni-MOF-74(18 h), and e) Ni NPs/C@Ni-MOF-74(24 h) after durability tests (black scale bar is 10 μm).  
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Fig. S14 PXRD patterns of Ni NPs/C@Ni-MOF-74(18 h) before and after durability test.
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Table S1. Comparisons of HER activities over MOF-based electrocatalysts in alkaline solution. 

HER catalyst Electrolyte Overpotential a) / mV Tafel slope / mV dec-1 Stability tests b) Ref. 

Ni-MOF-74 arrays /NF 1.0 M KOH 269 133 12 h gradually 
decay 

This work 

Ni NPs/C@Ni-MOF-74/NF(6 h) 1.0 M KOH 183 117 12 h slightly 
decay 

This work 

Ni NPs/C@Ni-MOF-74/NF(12 h) 1.0 M KOH 165 108 12 h This work 

Ni NPs/C@Ni-MOF-74/NF(18 h) 1.0 M KOH 131 104 48 h This work 

Ni NPs/C@Ni-MOF-74/NF(24 h) 1.0 M KOH 143 106 12 h This work 

NiFe-MOF array/NF 0.1 M KOH 134 N/A 2000 s 
1 

NFN-MOF/NF 1.0 M KOH 87 35 30 h 8.0% 
decay 

2 

MFN-MOFs/NF 1.0 M KOH 79 30 N/A 
3 

Ni2P Ps-3 1.0 M KOH 158 73 20 h 
4 

Co3S4/EC-MOF 1.0 M KOH 84 82 24 h 
5 

Co-NC/CNT-800 1.0 M KOH 203 125 1000 cycles 
and 30000 s 

6 

Co/Co9S8@ SNGS-1000 0.1 M KOH 350 mV at 20 
mA cm 2　  

96 1000 cycles 
7 

Ni@graphene 1.0 M KOH 240 120 10 h 
8 

NCF-MOF 0.1 M KOH 110 114 20000 s 
9 

Fe-Ni@NC-CNTs 1.0 M KOH 202 114 40000 s 
10 

HUST-200 acidic aqueous 
medium 

131 51 9 h 
11 

AB&CTGU9(3: 4) 0.5 M H2SO4 128 87 21 h 
12 

UU-100(Co) pH = 4 0.2 M 
acetate buffer 

N/A 250 5 h 
13 

Ni‐NiO/C HPPAs  1.0 M KOH  49  74  30 h 3.7% decay 
14 

NiFeSe@NiSe|O@CC  1.0 M KOH  40  49  50 h 3.5%decay 
15 

NiCoFeP/C  1.0 M KOH  149  108  20 h 
16 

Ni‐ZIF/Ni‐B@NF  1.0 M KOH  67  108  64 h 
17 

Ni@NC 

(NH3‐plasma MOF‐74‐Ni) 
1.0 M KOH  61  89  18 h slight decay 

18 

Ni3(Ni3∙HAHATN)2    0.1 M KOH  115  45 
10  h  27%  decay 

and 1000 cycles 
19 

a) Overpotential is measured at 10 mA cm-2; b) the duration of the chronoamperometric (or chronopotentiometric) results and the number of CV cycles are 

summarized in this table (the current density decrease after CV cycles and chronoamperometric curve decrease denote “decay”). 
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Table S2. EIS results of Ni-MOF-74/NF, Ni NPs/C@Ni-MOF-74(6 h), Ni NPs/C@Ni-MOF-74(12 h), Ni NPs/ 

C@Ni-MOF-74 (18 h), and Ni NPs/C@Ni-MOF-74(24 h).   

Electrode Rs (Ω) Rct (Ω) 

Ni-MOF-74/NF 2.67 6.98 

Ni NPs/C@Ni-MOF-74/NF(6 h) 2.47 5.97 

Ni NPs/C@Ni-MOF-74/NF(12 h) 2.40 4.87 

Ni NPs/C@Ni-MOF-74/NF(18 h) 2.05 3.69 

Ni NPs/C@Ni-MOF-74/NF(24 h) 1.84 4.30 

 

 

 

 

Fig. 15 a-e) CVs of all samples with different treatment time in 1.0 M KOH solution at varying scan rates, f) 

The plots of the capacitive current density Δj as a function of scan rates. 
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Fig. S16 The experimental H2 product amount of Ni NPs/C@Ni-MOF-74/NF(18 h) at 10 mA cm-2 and the 

corresponding Faraday efficiency. 

The Faraday efficiency of Ni NPs/C@Ni-MOF-74/NF(18 h) was measured at the current density of 10 mA 

cm-2. The operation measurement of the Faraday Efficiency shows as follows: A piece of Ni 

NPs/C@Ni-MOF-74/NF(18 h) (surface area = 0.5 cm2) was immersed in the electrolyte as the working 

electrode. The head space volume of the electrolytic cell and the volume of solution were measured to be 35.0 

and 21.0 mL, respectively. Before measurement, the cell was purged by Ar gas for about 30 min to eliminate 

the air background. The hydrogen concentrations were measured using gas chromatography (GC, Agilent 

7820A) equipped with Molecular sieve 5 Å capillary column and thermal conductivity detector. The Faraday 

Efficiency at 10 mA cm-2 with time increasing was kept around 93%.  
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