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1. Experimental Section：

Materials. Cobalt nitrate hexahydrate (Co(NO3)2·6H2O, Aladdin AR 99%), Nickel nitrate 

hexahydrate (Ni(NO3)2·6H2O, Sinopharm Reagent Co., Ltd AR), Iron nitrate nonahydrate 

(Fe(NO3)3·9H2O, Sinopharm Reagent Co., Ltd AR), 2-Methylimidazole (C4H6N2 Macklin 

98%),Sodium hypophosphite (NaH2PO2, Aladdin AR 99.0%), Nifion (Shanghai Yuxing Energy 

Technology Co., Ltd), potassium hydroxide (KOH, 99.999%, Aladdin). All chemicals were as 

received and not subjected to special treatment prior to use.

Synthesis of Co-MOF. First, 0.6568 g (8 m mol) of 2-methylimidazole was dissolved into 20 mL 

of methanol and stir for 10 min to form solution A. Then dissolve 0.582 g (2 m mol) of cobalt nitrate 

hexahydrate in 20 ml of methanol and stir for 10 min to form solution B. Then quickly pour solution 

A into solution B being stirred. After stirring for 5 minutes, take out the magneton in the beaker and 

stand at room temperature for 24 hours to obtain purple precipitation. After washing with anhydrous 

methanol for three times, put it into a vacuum oven at 60 oC for 12 h.

Synthesis of 200 μL Fe-CoNi. First, 0.04 g ferric nitrate nine hydrate was added into 5 mL of 

ethanol and ultrasonic for 5 min to obtain a homogeneous solution. Then weigh 50 mg of Co-MOF 

and dissolved it in a round bottom flask containing 30 mL of ethanol. Ultrasonic for 5 min to obtain 

a uniform solution. Then put the round bottom flask into an oil bath pot at 85 oC, and quickly add 

0.1308 g (0.45 mmol) of nickel nitrate hexahydrate and 200 μL of iron nitrate nonahydrate solution. 

After stirring in an oil bath pot at 85 oC for 1 h, cool to room temperature to obtain yellow green 

precipitation. After washing with ethanol for three times, put it into a vacuum oven at 60 oC and dry 

overnight. The resulting product was named 200 μL Fe-CoNi, 50% can be obtained by the same 

preparation method 50 μL Fe-CoNi、1000 μL Fe-CoNi and 3000 μL Fe-CoNi material.
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Synthesis of Co-Ni. Similar to the 200 μL Fe-CoNi synthesis procedure, except that ferric nitrate 

nonahydrate was not added during the oil bath. The obtained products were named Co-Ni-15, Co-

Ni-30, Co-Ni-45 and Co-Ni-60 with different reflux times of 15min, 30min, 45min and 60min, 

respectively.

Synthesis of Co-Fe. The preparation procedure was similar to the synthesis procedure of 200 μL Fe-

CoNi, except that nickel nitrate nonahydrate was not added during the oil bath. The obtained 

products were named Co-Fe-15, Co-Fe-30 and Co-Fe-45 with different reflux times of 15 min, 30 

min and 45 min, respectively.

Synthesis of 200 μL Fe2P-Co2P-Ni2P. The material was calcined by low-temperature phosphating 

in nitrogen atmosphere. Take 20 mg 200 μL Fe-CoNi sample is put into the gas outlet of tubular 

furnace, and 200 mg sodium hypophosphite is put into the air inlet of tubular furnace. The 

temperature of the tube furnace was set to 350 oC for 2 h, and then naturally cooled to room 

temperature to obtain 200 μL Fe2P-Co2P-Ni2P material. The same preparation method can obtain 

50 μL Fe2P-Co2P-Ni2P、1000 μL Fe2P-Co2P-Ni2P and 3000 μL Fe2P-Co2P-Ni2P material.

Synthesis of Co-NiP. The preparation steps were the same as those for the synthesis of 200 μL 

Fe2P-Co2P-Ni2P, and the obtained products were named Co-NiP-15, Co-NiP-30, Co-NiP-45 and 

Co-NiP-60, respectively.

Synthesis of Co2P. The same as the above phosphating conditions obtained by replacing 200 μL Fe-

CoNi sample with pure Co-MOF.

Material Characterizations. The morphologies and the sizes of the samples were characterized by 

scanning electron microscopy (SEM, Hitachi S-4800) and transmission electron microscopy (TEM, 

Hitachi, HT-7700). High-resolution TEM (HRTEM, FEI, Tecnai G2 F30) was used to obtain the 
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information on lattice fringes and high resolution mapping of materials. X-ray powder diffffraction 

(XRD, Bruker AXS, D8 Advance) characterizations were carried out by Cu Kα radiation. In 

addition, X-ray photoelectron spectroscopy (XPS, Thermo Fisher, ESCALAB 250XI) was selected 

to analyze the valence state with the Al Kα monochromatized radiation.

Electrocatalytic Measurements. Electrocatalytic measurements were actualized by an 

electrochemical workstation (Chenhua, CHI660C) with the three-electrode system in 1.0 M KOH 

solution at room temperature. The three-electrode system was composed of carbon rod electrode as 

the counter electrode, Ag/ AgCl electrode as reference electrode, and glassy carbon electrode as the 

working electrode. The voltages obtained from all experimental data were calibrated by the equation 

ERHE = EAg / AgCl + 0.059 * pH + 0.197 V. The scanning rate of LSV curve was 5 mV/s. The LSV 

curves of her were IR corrected. In the point range outside the Faraday region, the double-layer 

capacitance (Cdl) was calculated according to the CV curves obtained at different scanning rates 

(40, 60, 80, 100, 120 mV/s), and the electrochemical active surface area (ESCA) had been estimated. 

Electrochemical impedance (EIS) tests were carried out in the frequency range from 0.01 Hz to 100 

kHz at open circuit voltage. The electrochemical stability of the catalyst material was tested by 

cyclic voltammetry. The CV cycle range is -0.4 to -0.8 V with a scan rate of 10 mV/s. The stability 

test used Hg/HgO electrode as the reference electrode, and other test conditions were unchanged. 

The long-term stability test was carried out for 100 h at a current density of 10 mA·cm-2.
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2. Additional Figures

Figure S1. (a, b) Low- and high-resolution TEM images of Co-MOF. (c, d) Low- and high-

resolution TEM images of Co2P.
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Figure S2. Mapping images of Ni2+ introduced into Co-MOF at different reflow times (a) Co-Ni-

15, (b) Co-Ni-30, (c) Co-Ni-45, (d) Co-Ni-60.
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Figure S3. TEM and corresponding element transmission mapping images of Fe3+ introduced into 

Co-MOF at different reflow times (a) Co-Fe-15, (b) Co-Fe-30, (c) Co-Fe-45.
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Figure S4. Mapping images of Fe3+ introduced into Co-MOF at different reflow times (a) Co-Fe-

15, (b) Co-Fe-30, (a) Co-Fe-45.
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Figure S5. (a, b) Low- and high-resolution TEM images of 50 μL Fe-CoNi. (c, d) Low- and high-

resolution TEM images of 50 μL Fe2P-Co2P-Ni2P.
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Figure S6. (a, b) Low- and high-resolution TEM images of 200 μL Fe-CoNi. (c, d) Low- and high-

resolution TEM images of 200 μL Fe2P-Co2P-Ni2P.
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Figure S7. (a, b) Low- and high-resolution TEM images of 1000 μL Fe-CoNi. (c, d) Low- and high-

resolution TEM images of 1000 μL Fe2P-Co2P-Ni2P.
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Figure S8. (a, b) Low- and high-resolution TEM images of 3000 μL Fe-CoNi. (c, d) Low- and high-

resolution TEM images of 3000 μL Fe2P-Co2P-Ni2P.
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Figure S9. Photos of (a) 50 μL Fe2P-Co2P-Ni2P, (b) 200 μL Fe2P-Co2P-Ni2P, (c) 1000 μL Fe2P-

Co2P-Ni2P, (d) 3000 μL Fe2P-Co2P-Ni2P.
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Figure S10. EDS spectra and corresponding element atomic percentage (a) 50 μL Fe2P-Co2P-Ni2P, 

(b) 200 μL Fe2P-Co2P-Ni2P, (c) 1000 μL Fe2P-Co2P-Ni2P, (d) 3000 μL Fe2P-Co2P-Ni2P.
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Figure S11. XRD patterns of all samples.
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Figure S12. XPS spectra of (a) Co 2p, (b) Ni 2p performed on Co2P, Co-NiP-60 and 200 μL Fe2P-

Co2P-Ni2P.
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Figure S13. (a) Comparison of over potentials of catalysts at current densities of 10 mA·cm-2 and 

100 mA·cm-2. (b) Comparison of tafel slope of catalysts.
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Figure S14. CV curves obtained by scanning from -0.8 v to -0.7 v (vs. RHE) at scanning speeds of 

40, 60, 80, 100 and 120 mV/S (a) 50 μL Fe2P-Co2P-Ni2P, (b) 200 μL Fe2P-Co2P-Ni2P, (c) 1000 μL 

Fe2P-Co2P-Ni2P, (d) 3000 μL Fe2P-Co2P-Ni2P, (e) Co2P/NF.
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Figure S15. Chronopotentiometry curves of sample 200 μL Fe2P-Co2P-Ni2P tested in 1.0 M KOH 

solution (IR compensation is not performed).
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Figure S16. Polarization curves of 200 μL Fe2P-Co2P-Ni2P before and after 1000 CV cycle scans.
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Figure S17. (a) Low- and (b) high-magnification TEM images of 200 μL Fe2P-Co2P-Ni2P after 

1000 CV cycles.
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Figure S18. (a) LSV curves. (b) Tafel slope.
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3. Additional Tables

Table S1. Comparison of HER activity of catalysts reported in basic (1M KOH) media with other 

recent catalysts.

Catalysts
η at 10 mA/cm2 

(mV)
Η50 mA/cm2 (mV) References

Porous CoP/Co2P nanorod 133 / 1

CoP nanoframe 136 / 2

CoFe-P/NF-1 83 ~180 3

NiFeCoP/NF / 167.5 4

CoMnP/Ni2P/NF 108 / 5

FeP@NPC 109 / 6

MoO2-FeP@C 103 / 7

NiO@NiP/NF 76 / 8

(FexNi1-x)2P 108 / 9

CeOx/CoP/NF-3 117 260 10

200 μL Fe2P-Co2P-Ni2P 105 161 This work
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