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Experimental section 

Materials 

methanol (≥99.5%), benzyl alcohol (≥99.0%), isopropanol (≥99.7%), Cobalt nitrate 

hexahydrate (≥99%), zinc nitrate hexahydrate (≥99%), citric acid monohydrate 

(≥99.5%), concentrated sulfuric acid (95-98 wt%) were purchased from Sinopharm 

Chemical Reagent Co., Ltd. (Shanghai, China). 2-methylimidazole (98%), 

chloroplatinic acid hexahydrate (Ptr≥37%), nickel acetylacetonate (95%) were obtained 

from Alladin Ltd. (China). Commercial Pt/C (Pt:20 wt%) was purchased from Johnson 

Matthey and Nafion (5 wt%) was acquired from DuPont separately. All the reagents 

were used as received without further treatment. 

Characterization 

  Powder X-ray diffraction (XRD) patterns were collected through Bruker D8-

Advance X-ray diffractometer using Cu ka radiation (λ=1.5406 Å). Talos-F200S field 

emission transmission electron microscopy (TEM) and JEM-7500 F field emission 

scanning electron microscopy (FE-SEM) were used to study morphology and structure 

of the catalysts. The mass fraction of Pt, Ni, Co and Zn was determined by inductively 

coupled plasma-optical emission spectroscopy (ICP-OES, Prodigy 7). Chemical state 

of samples showing in X-ray photoelectron spectroscopy (XPS) images were performed 

on ESCALAB-250Xi spectrometer equipped with monochromatic Al Ka radiation. 



ASAP 2020 M fully automatic specific surface area and porosity analyzer was applied 

to analyze N2 adsorption-desorption isotherm and the sample was activated in vacuum 

at 623 K for 6 h. 

 

Preparation of ZIF-8 

Solutions A and B were first synthesized. Solution A: 3.72g Zn (NO3)2·6H2O was 

ultrasonically dispersed in 40 mL methanol for 3 min. Solution B: 4.1g 2-

methyimidazole was dissolved in 40 mL methanol to form uniform solution quickly. 

Then, solution A was added into solution B and the mixed solution kept stirring for 15 

min. After that, the solution was stirred at room temperature for 4 hours. Finally, the 

mixture was centrifuged and washed with methanol for several times. And the ZIF-8 

nanoparticles were obtained after being dried in vacuum at 80℃ for 12h.  

Synthesis of doped ZIFs (Co@ZIFs) 

Solutions A and B were first synthesized. Solution A: 200mg prepared ZIF-8 and 

600mg Co (NO3)2·6H2O was ultrasonically dispersed in 60 mL methanol for 10 min. 

Solution B: 1300mg 2-methyimidazole was dissolved in 20 mL methanol to form 

uniform solution quickly. Then, solution B was added into solution A and the mixed 

solution was ultrasonically dispersed for 15 min. After that, the purple solution was 

stirred at room temperature for 24 hours. Finally, the mixture was centrifuged and 

washed with methanol for several times. And the Co@ZIFs nanoparticles were obtained 

after being dried in vacuum at 80℃ for 12h. Under the same conditions, changing Co 



(NO3)2·6H2O and 2-methylimidazole into 300mg and 650mg (900mg and 1950mg), 

and the product is Co@ZIFs-1-9 (Co@ZIFs-1-3). 

Preparation of MNC-900℃/800℃/1000℃ 

A certain of Co@ZIFs powder was put into a tube furnace and carbonized at 900 °C 

(or 800 °C, 1000 °C) in high purity N2 atmosphere for 2.5h with a heating rate of 5℃ 

min-1. The as-received product was named as MNC-900℃ (or MCN-800 °C, MCN-

1000 °C) was gained by natural cooling to room temperature. Name the carbonized 

products of Co@ZIFs-1-3, Co@ZIFs-1-6 and Co@ZIFs-1-9 as MNC-1-3, MNC-1-6 

and MNC-1-9, respectively 

Synthesis of PtNi/MNC-x-y. 

MNC (500mg), citric acid (100mg), nickel acetylacetonate (13mg) and 3ml 

H2Cl6Pt·6H2O (19.31 mmol L-1) solution 19.31 mmol L-1 were added into 40 mL benzene 

methanol solution. The mixed solution was evenly dispersed by ultrasound for 1h, and 

then was bathed in oil for 5 hours at 160 ° C, and cooled to room temperature naturally. 

Finally, the powder was put into a tube furnace and calcined in 5% H2/Ar flow at 200℃ 

for 2 h with a heating rate of 5℃ min-1. The final product is named as PtNi/MNC-x-y..  

Electrochemical measurements 

Electrochemical tests were operated in 0.5M H2SO4 solution on the CHI660 

electrochemical workstation using a typical three electrode system at room temperature. 

None of the tests were iR compensated. Glassy-carbon disk, graphite rod and saturated 



calomel electrode (SCE) were used as work, counter and reference electrodes. To obtain 

homogeneous catalyst ink, 5 mg sample was ultrasonically dispersed in centrifugal tube 

containing 980 μl isopropanol and 20 μl Nafion solution (5 wt%) for 15 min. After that, 

4 μl catalyst suspension (0.283 mg cm-2) was dropped onto the pre-prepared 3 mm 

diameter glassy carbon disk. For comparison, 20% Pt/C and other sample were treated 

using the same way. Before the HER measurement, the working electrode kept cycling 

for 30 times at 100 mV s-1 to activate the catalyst and obtain stable curve. The linear 

sweep voltammetry was performed out between -0.1 V and -0.3 V vs. SCE at 5 mV/s. 

The frequency range for electrochemical impedance spectroscopy (EIS) was from 100 

kHz to 0.01 Hz with an amplitude of 5 mV at -0.268 V vs. SCE (0.5M H2SO4).The 

durability of PtNi/MNC-1-6 was evaluated at a current density of 10 mA cm-2 using 

chronopotentiometry. 

 
 
 
 



 

Figure S1 SEM images of (a, d) Co@ZIFs-1-3; (b) MNC-1-9; (c) MNC-1-6; (d) MNC-1-3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table S1 Summary of various PtNi alloys electrocatalysts for HER performance in 
0.5M H2SO4 

Material Electrolyte 
η10 

(mV) 
Tafel slope 
(mV dec-1) 

Rct 
(Ω) Reference 

PtNi/MNC-1-6 0.5 M H2SO4 26 21.5 2 This work 
PtNi/10PG CNCs, 0.5 M H2SO4 31 18 12.99 1 

PtNi/NDs 0.5 M H2SO4 26 22  2 

Pt3.21Ni@Ti3C2 0.5 M H2SO4 19 13.3  3 
PtNi/Ni4B3 0.5 M H2SO4 25.6 25.1 4.1 4 

PtNi2@CNS-600 0.5 M H2SO4 68 35  5 
 PtNi/CNFs 0.5 M H2SO4 34 31 34 6 

PtNi/rGO(N) 0.5 M H2SO4 98 43  7 
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