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Section A. Supplementary data (Figure S1-10) 

 

 

Figure S1. PXRD patterns of a) Zn/Ni-BTC with different Zn/Ni ratios and b) the 

derived Ni/C composites, respectively. Violet: simulated NiBTC, black: NiBTC, red: 

Zn0.05Ni0.95BTC, blue: Zn0.2Ni0.8BTC, dark cyan: Zn0.5Ni0.5BTC, magenta: 

Zn0.8Ni0.2BTC, dark yellow: ZnBTC. 
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Figure S2. a, b) SEM images of Ni/C-0. 
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Figure S3. a-d) EDS elemental mapping images and e) EDX pattern of Ni/C-1. 
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Figure S4. a) TEM image, b) HRTEM image of the edge of Ni/C-1 sphere. 
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Figure S5. a) Ni 2p and b) O 1s high-resolution XPS spectra of Ni/C-1. 

 The peak at 854 eV is assigned to NiO, which could be formed during the 

exposure in air. According to previous reports, metallic nickel is highly active in 

ambient environments, with NiO and/or Ni(OH)2 forming spontaneously on the 

surface of atomically clean nickel metal. The two O 1s peaks at 529.8 and 531.5 eV 

are ascribed to NiO and Ni(OH)2 species, respectively. The component at 533.1 eV is 

associated with bound waters of hydration.
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Figure S6. a) N2 adsorption/desorption isotherms and b) pore size distribution 

patterns calculated based on NLDFT method of the Ni/C composites derived from the 

different MOF precursors, respectively. Black: NiBTC, red: Zn0.05Ni0.95BTC, blue: 

Zn0.2Ni0.8BTC, dark cyan: Zn0.5Ni0.5BTC, magenta: Zn0.8Ni0.2BTC, dark yellow: 

ZnBTC. 

 

Table S1. Surface area and total pore volume of Ni/C composites derived from 

different MOF precursors, respectively. 
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Figure S7. Cyclic voltammograms of a), Ni/C-0, c) Ni/C-1 measured in 1 M KOH in 

the non-Faradaic potential range from -0.9 V to -1.0 V versus Ag/AgCl at scan rates 

of 2 (black line), 4 (red line), 6 (blue line), 8 (green line) and 10 mV s
–1 

(pink line), 

respectively. Average capacitive current of b), Ni/C-0 and d), Ni/C-1 taken from 

center of potential window, at -0.95 V vs. Ag/AgCl. 

 In order to further explicate the HER activity of the electrode, we have conducted 

the analysis of electrochemical surface area (ECSA). 

 Electrochemical active surface area (ECSA) of the electrode was measured from 

the capacitive current associated with double-layer charging from the scan-rate 

dependence of cyclic voltammetry (CV). This measurement was performed on the 

same working electrodes within a small potential range of -0.9 V to -1.0 V versus 

Ag/AgCl and scan rates ranging from 2 to 10 mV s
–1

. The relation between the 

charging current (i at the -0.95 V vs. Ag/AgCl), the scan rate (v) and the double layer 

capacitance (Cdl) was given in equation 1. 

 i = vCdl (1) 

 Therefore, the slope of i as a function of v gives a straight line with the slope 

equals to Cdl. The Cdl of Ni/C-0 and Ni/C-1 measured from the scan rate dependent 

CVs are 0.7205 mF cm
–2

 and 2.403 mF cm
–2

, respectively.  
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 The quasi-square shape CV is mainly caused by the complications from iR drop 

from the internal resistance of catalyst materials and the surface/electrolyte interface.
2, 
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Table S2. Comparison of HER performance in alkaline electrolyte of Ni/C-1 and 

other catalysts. 
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Figure S8. Equivalent electrical circuits of a) Ni/C-0 and b) Ni/C-1. c) Calculation 

result of series resistance (Rs) and charge transfer resistance at the Ni/C 

composite/electrolyte interface (Rct) in the HER process in different electrolyte. CPE1 

and CPE2 are the constant phase element. Wo is the Warburg element. 

 The Rct of Ni/C-0 and Ni/C-1 in 1 M KOH are calculated to be 39.48 Ω and 4.256 

Ω, respectively. The long tail of Ni/C-0 with the slope of 1 is attributed to the ion 

diffusion inside the electrode, resulting in the Warburg element, Wo. The tail of low 

frequencies of Ni/C-1 corresponds to a semi double-layer capacitance.
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Figure S9. a) PXRD patterns and b) LSV curves of Ni/C-1@FTO before CPE and 

after CPE. 
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Figure S10. a) Equivalent electrical circuit of Ni/C-0 and Ni/C-1. b) Calculation 

result of series resistance (Rs) and charge transfer resistance at the Ni/C 

composite/electrolyte interface (Rct) in the UOR process in 1 M KOH with 0.33 M 

urea. CPE1 and CPE2 are the constant phase element. 
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