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Experimental section

Chemicals

Zinc oxide (ZnO, Sinopharm Chemical Reagent Co., Ltd), 2-methyl imidazole (Jinan
Henghua Sci. & Tec. Co., Ltd) and phosphomolybdic acid hydrate (Shanghai Xushuo
Biological Technology Co., Ltd) were directly used without purification.

Synthesis of PMo,,@ZIF-8/ZnO

The synthesis procedure of PMo,@ZIF-8/ZnO was according to the literature !, In
detail, 5.0 mmol ZnO, 10.0 mmol 2-MeIM and 0.6 mmol H3;PMo,,049'xH,O were
successively put into the mill pot with 2 mL ethanol and mixed evenly. An appropriate
amount of agate ball (10 mm) was added to the ball grinding tank, and the ball grinding
was carried out at a speed of 40 Hz for 30 min. The resulting solid product was washed
with large amounts of water and ethanol to remove excess polyacids and then dried at
60 °C for 12 h.

Synthesis of MoC@NC

Firstly, the PMo,@ZIF-8 composite material was placed in a porcelain boat and heated
to 900 °C for 2 h with the heating rate of 5 °C min! under Ar. Then, the obtained black
powder was immersed in dilute hydrochloric acid and ultrasonic for 30 min. Finally,

the samples are centrifuged and washed with a large amount of water until the solution


mailto:lix@cust.edu.cn
mailto:zmsu@nenu.edu.cn

is neutral. The resulting samples were dried overnight at 80 °C. In addition, a contrast
sample of NC was synthesized by direct carbonization (900 °C) without PMo;.
characterizations

Powder X-ray diffraction (PXRD) patterns (Siemens D5005 diffractometer) were
obtained by the Cu-Ko (A=1.54118 A) radiation with the 20 of 5-80°. IR spectroscopy
(Alpha Centaurt FT/IR spectrophotometer) was collected with the range of 4000-400
cm!, Transmission electron microscopy (TEM) images were measured via JEOL-
2100F transmission electron microscope and SUS000 ESEM FEG energy dispersive
X-ray detector (EDX). Raman spectra was gathered by the A JY Labram HR 800. The
N, sorption tests (automatic volumetric adsorption equipment (Belsorp mini 1)) were
used to measure the surface area and pore volume of the catalyst. X-ray photoelectron
spectroscopy (XPS) spectrums were obtained on a PHI Quantera SXM (ULVAC-PHI)
with an Al Ka X-ray source.

Electrochemical measurements

All electrochemical tests were performed on a CHI 660¢ instrument with a traditional
three-electrode system. In this work, glassy carbon electrode, graphite and Ag/AgCl
electrode were used for working electrode, counter electrode and reference electrode
respectively. 0.5 M H,SO,4 and 1.0 M KOH solution were served as electrolyte for
hydrogen evolution reaction (HER). 6.0 mg catalysts were dispersed in a mixture of
100 pL of 5 wt% naphthol, 200 pL. of water and 200 pL of ethanol to form a
homogeneous solution through ultrasound for 1 h. 5 pL of suspended liquid was
dropped onto the glassy carbon electrode and the catalyst load was 0.85 mg cm™.
Furthermore, the commercial Pt/C electrode was prepared in the same method.

The electrolyte was degassed with nitrogen before the polarization curve was
measured. All potential reference reversible hydrogen electrodes were calculated using
the Nernst equation: Eryg = Eag/agcr + 0.059*pH + 0.197V. Tafel plots were calculated
by the equation of # = a + blog j. Cyclic voltammetry (CV) was tested with the scan
rates of 5, 10, 20, 50, 80 and 100 ranged from 0.1 to -0.1V. Electrochemical impedance
spectroscopy (EIS) was measured at specific voltage and ranged from 0.1 to 100000

Hz. The stability was measured by chronoamperometry with i-t curves with a constant



working potential for 24 h in 0.5 M H,SO,4 and 1.0 M KOH solutions respectively.
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Figure S1. XRD patterns of PMo,@ZIF-8 (Blue) and ZIF-8 simulated curves (Black).
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Figure S2. The TGA curves for PMo,@ZIF-8/Zn0O.

T%

B[R

-

" T i T o T
2000 1500 1000 500
-1
Wavenumbers(cm )

Figure S3. The IR spectrums of PMo,@ZIF-8/Zn0O (Black), ZIF-8 (Blue) and PMo,, (Red).
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Figure S4. The Raman spectrum of MoC@NC with the carbonization temperature of 900 °C.
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Figure S5. The Raman spectrum of MoC@NC with the carbonization temperature of 700 °C.
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Figure S6. The Raman spectrum of MoC@NC with the carbonization temperature of 800 °C.
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Figure S7. X-ray photoelectron spectroscopy (XPS) spectrums of N for MoC@NC.
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Figure S8. X-ray photoelectron spectroscopy (XPS) spectrums of C for MoC@NC.
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Figure S9. N, adsorption—desorption isotherms of MoC@NC.
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Figure S10. pore diameter distribution diagram of MoC@NC.
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Figure S11. Polarization curves of MoC@NC obtained by carbonization for 2 h at different
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temperatures (700, 800 and 900 °C), (a) acidic solution and (b) alkaline solution.
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Figure S12. Polarization curves of MoC@NC obtained by carbonization at 900 °C with different
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times (2, 3 and 4 h), (a) acidic solution and (b) alkaline solution.
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Figure S13. Polarization curves of MoC@NC obtained by different load (0.2, 0.4, 0.6 and 0.8
mmol), (a) acidic solution and (b) alkaline solution.
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Figure S14. Cyclic voltammogram curves of MoC@NC at different sweeping speeds in 0.5 M
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Figure S15. Cyclic voltammogram curves of MoC@NC at different sweeping speeds in 1.0 M
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Figure S16. Double layer capacitance (Cq) spectra of MoC@NC in 0.5 M H,SO4 and 1.0 M

KOH.
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Figure S17. Nyquist plots of MoC@NC in 0.5 M H,;SO, and 1.0 M KOH.
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Figure S18. Fitting circuit diagram of MoC@NC in 0.5 M H,SO4and 1.0 M KOH.
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Figure S19. Polarization curves of MoC@NC before and after 2000 cycles in 0.5 M H,SO,.
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Figure S20. Time-dependent current density curve of MoC@NC in 0.5 M H,SO,.
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Figure S21. Polarization cu

rves of MoC@NC before and after 2000 cycles in 1.0 M KOH.
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Figure S22. Time-dependent current density curve of MoC@NC in 1.0 M KOH.

Table S1. Element content values at different calcination temperatures.

Elements content (%) Mo C
700 °C 50.620 20.340
800 °C 52.580 17.570

900 °C 55.350 15.730




Table S2. Comparison of HER performance of MoC@NC with other MoC-based HER catalysts.

Tafel Slope

Catalysts Electrolyte 710 (MV) Stability Ref.
(mV dec)
0.5 M H,SO, 132 75 24 h
MoC@NC This work
1.0 M KOH 122 80 24 h
Cu-Mo,C, 1.0 M KOH 190 51 1000 cycles [2]
MoC-MoP/BCNC 0.5 M H,SO4 158 58 24h
(3]
NFs 1.0 M KOH 137 65 24 h
B-MoC 0.5 M H,SO4 285 128 8h [4]
0.5 M H,S0O, 126 43 3000 cycles
MoC-Mo,C (3]
1.0 M KOH 120 42 3000 cycles
0.5 M H,SO, 107 65.1 1000 cycles
N,P-Mo,C NF (6]
1.0 M KOH 135 57.1 1000 cycles
N-Mo,C@C HSs 0.5 M H,SO, 172 60 12h [7]
0.5 M H,SO4 124 43 10h
nanoMoC@GS [8]
1.0 M KOH 77 50 -
0.5 M H,SO4 89 45 14h
MoP/Mo,C@C 1.0 M KOH 75 58 14h [9]
1.0 M PBS 136 93 14h
P-Mo,C@NC 0.5 M H,SO, 109 76 12h [10]
1.0 M PBS 159 - 12h
1.0 M KOH 83 - 12h
Mo,C-MoO,/CC 1.0 M HCIO, 60 53 60 [11]
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