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Figure S1. SEM images of the (a, b) Co-ZIF-67 and the (c, d) P-2AT@Co-ZIF-67.  
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Figure S2. FT-IR spectra of AT and P-AT. 

It can been seen in Figure S2 that the bands appeared at 3409 cm
-1 

and 3292 cm
-1

 are 

attributed to the asymmetrical and symmetrical N-H stretching of AT. However, a broad 

band of P-AT is at 3308 cm
-1

 is assigned to the N-H stretching, and the band of C=N 

stretching shifts from 1621 cm
-1

 to 1586 cm
-1

.
S1

 These results indicate the successful 

polymerization of AT.  
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Figure S3. TEM images of P-TA@Co-ZIF-67. 
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Figure S4. XRD patterns of Co-ZIF-67 and P-AT@Co-ZIF-67 (a), Co9S8-NSC (b), Co-C 

(c), Mo2C-NSC (d), and NSC (e). 
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Figure S5. (a) C 1s spectra, (b) N 1s spectra, (c) S 1s spectra and (d) Co 1s spectra of the 

Co9S8-NSC. 

 

 

Table S1. The Co, Mo, C, N and S elements content determined from XPS spectra of 

Co9S8-NSC@Mo2C, Mo2C-NSC and Co9S8-NSC. 

Elements  Co content 

(at%) 

Mo content 

(at%) 

N content 

(at%) 

S content 

(at%) 

Co9S8-NSC @Mo2C  14.3 12.5 3.6 7.2 

Mo2C-NSC / 19.6 6.7 10.6 

Co9S8-NSC 19.5 / 6.3 9.7 
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Figure S6. (a) N2 adsorption/desorption isotherms of NSC, Mo2C-NSC, Co-NSC, and 

Co9S8-NSC at 77 K and (b) the corresponding pore size distribution from the desorption 

curve. 
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Table S2. Comparison of HER activity data for different catalysts. 

Catalysts Electrolyte  Current density 

(mV cm
-2

) 

Overpotential 

(mV) 

Tafel slop 

(mV dec
-1

) 

References 

Amorphous MoS3 0.5 M H2SO4 10 195   60  S2 

Cu3P NW/CF 0.5 M H2SO4 
10 143 67 S3 

Ni5P4-Ni2P/NF 0.5 M H2SO4 
10 120 79 S4 

MoP 0.5 M H2SO4 
10 135 54 S5 

NC/CuCo/CuCoOx 0.5M H2SO4 
10 112 55 S6 

NS-doped Mo2C 0.5 M H2SO4 
10 86 47 S7 

MoxC-Ni@NCV 0.5 M H2SO4 
10 75 45 S8 

Co9S8/NC@MoS2 0.5 M H2SO4 
10 117 68.8 S9 

CoP nanowire 1.0 M KOH 10 209 129 S10 

NiCo/NiCoOx 1.0 M KOH 10 155 35 S11 

NiCo2O4/NF 1.0 M KOH 10 164 107 S12 

NiCoP/rGO 1.0 M KOH 10 209 124 S13 

Ni-Co-P 1.0 M KOH 10 150 60 S14 

N@MoPCx- 

800 

1.0 M KOH 10 139 86.6 S15 

Co9S8-NSC@Mo2C 0.5 M H2SO4 10 74 69.3 This work 

Co9S8-NSC@Mo2C 1.0 M KOH 10 89 86.7 This work 
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Figure S7. The CV voltammetry curves for the Co9S8-NSC@Mo2C (a), Co9S8-NSC (b), 

Mo2C-NSC (c), Co-NSC (d) and NSC (e) in 0.5 M H2SO4 solution at different potential 

scanning rates; (f) The amount curves of theoretical and experimental H2 versus time of 

the Co9S8-NSC@Mo2C at 150 mV vs. RHE in 0.5 M H2SO4 solution. 

Cyclic voltammetry (CV) was performed to calculate the electrochemical double layer 

capacitance (Cdl) in nonfaradaic region from 0.1 to 0.2 V vs. RHE at a various scan rates 
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(20-200 mV s
-1

). The Cdl was determined by plotting △j (△j=janodic-jcathodic at 150 mV vs. 

RHE) against the scan rate. 
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Figure S8. (a) HER polarization curves of Co9S8-NSC@Mo2C, Co9S8-NSC@Mo2C-t1, 

Co9S8-NSC@Mo2C-t2, and Co9S8-NSC@Mo2C-t3 in 0.5 M H2SO4 solution at a scan rate 

of 5 mV s
-1

. (b) N2 adsorption/desorption isotherms of Co9S8-NSC@Mo2C, 

Co9S8-NSC@Mo2C-t1, Co9S8-NSC@Mo2C-t2, and Co9S8-NSC@Mo2C-t3 at 77 K. 
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Figure S9. XPS spectrum of the Co9S8-NSC@Mo2C electrocatalyst before and after 20 h 

durability measurements in 0.5 M H2SO4 solution: C 1s spectra (a), N 1s spectra (b), S 2p 

spectra (c), Mo 3d spectra (d), and Co 2p spectra (e). 
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Table S3. Determination of the compositions of Co, Mo, N, and S elements in 

Co9S8-NSC@Mo2C and the 0.5 M H2SO4 solution before and after 20 h durability 

measurements by the ICP-AES (concentration, μg L
-1

).   

Samples  Co  Mo  N  S  

H2SO4 solution (before) 10.2 11.5 23.3 27.8 

H2SO4 solution (after) 15.7 14.4 32.6 33.2 

Co9S8-NSC@Mo2C (before) 1623.2 1412.8 406.5 772.4 

Co9S8-NSC@Mo2C (after) 1612.1 1409.7 396.9 757.8 

Inductively coupled plasma-atomic emission spectrometry (ICP-AES) was carried out 

to demonstrate the chemical stability of Co9S8-NSC@Mo2C hybrid catalyst. The results 

are displayed in Table S3. It is worth noting that the concentrations of Co, Mo, N, and S 

elements in the Co9S8-NSC@Mo2C electrodes and electrolytes have no obvious changes 

before and after HER measurements. Therefore, Co9S8-NSC@Mo2C shows good chemical 

stability during HER reactions. 
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Figure S10. HER polarization curves (a) and corresponding Tafel slops (b) of the 

Co9S8-NSC@Mo2C and Pt/C in 1.0 M KOH solution at a scan rate of 5 mV s
-1

. Time-depend 

current density curve (c) for the Co9S8-NSC@Mo2C in 1.0 M KOH solution at an overpential 

of 89 mV vs. RHE for 12 h. HER polarization curves (d) and corresponding Tafel slops (e) of 

the Co9S8-NSC@Mo2C and Pt/C in 1.0 M PBS solution at a scan rate of 5 mV s
-1

. 

Time-depend current density curve (f) for the Co9S8-NSC@Mo2C 
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in 1.0 M PBS solution at an overpential of 121 mV vs. RHE for 12 h. 
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Figure S11. (a) Mo 3d XPS spectra and (b) high-resolution Mo 3d XPS spectra for 

Co9S8-NSC@Mo2C and Mo2C-NSC. 

It is worth noting that the XPS results show the N and S elements contents in the NSC, 

Mo2C-NSC, and Co9S8-NSC are much higher than that in Co9S8-NSC@Mo2C (Table S1). 

Besides, the specific surface area of NSC, Mo2C-NSC, and Co9S8-NSC are also higher 

than that of Co9S8-NSC@Mo2C (Figure S6). However, the HER activity of NSC, 

Mo2C-NSC, and Co9S8-NSC is much lower than that of Co9S8-NSC@Mo2C, thus it is 

reasonably inferred that the heteroatom doping and specific surface area are not main 

reasons for the enhanced activity of Co9S8-NSC@Mo2C.    
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Figure S12. Cyclic voltammograms of the Co9S8-NSC@Mo2C and Co9S8-NSC catalysts 

at a scan rate of 10 mV s
-1

 with iR corrections. The loading of catalyst is 0.71 mg cm
-2

 

supported on GC electrode.    
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Figure S13. OER polarization curves (a) for the Co9S8-NSC@Mo2C before and after 2500 

CV cycles with a potential range from 1.0 to 1.8 V vs. RHE in 1.0 M KOH solution. The 

current-time curves (b) of the Co9S8-NSC@Mo2C in 1.0 M KOH solution at an 

overpotential of 1.53 V vs. RHE for 20 h. 
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Figure S14. SEM images of Co9S8-NSC@Mo2C composite catalyst before (a) and after (b) 

20 h in 1.0 M KOH solution. 
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Figure S15. XPS spectrum of the Co9S8-NSC@Mo2C electrocatalyst before and after 20 h 

durability measurements in 1.0 M KOH solution: (a) Co 2p spectra and (b) Mo 3d spectra. 
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Table S4. Comparison of OER activity data for different catalysts. 

Catalysts Electrolyte  Current density 

(mV cm
-2

) 

Overpotential 

(mV) 

Tafel slop 

(mV dec
-1

) 

References 

NiCo/NiCoOx 1.0 M KOH 10 361 80 S11 

NiMo HNRs/Ti 

mesh 

1.0 M KOH 10 310 47 S16 

Co0.5Fe0.5S@N-

MC 

1.0 M KOH 10 410 67 S17 

Co3O4/NiCo2O4 

DSNCs 

1.0 M KOH 10 340 88 S18 

Ni-Co binary 

oxides 

0.1 M KOH 10 325 39 S19 

Co9S8@NOSC-9

00 

1.0 M KOH 10 340 68 S20 

CoMoO4 flowers 1.0 M KOH 10 400 83 S21 

Fe3O4@Co9S8/r

GO-2 

1.0 M KOH 10 340 54.5 S22 

NC/CuCo/CuCo

Ox 

1.0 M KOH 10 198 88 S6 

Co3O4@C-

MWCNTs 

1.0 M KOH 10 320 62 S23 

Co9S8-NSC@M

o2C 

1.0 M KOH 10 293 59.7 This work 
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