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Fig. S1.  XRD pattern of control samples. 
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Fig. S2. SEM-EDS mapping and the corresponding element distribution of (a) MoS2@N-rGOx, (b) 15% Co-

MoS2@N-rGOx and (c) 25% Co-MoS2@N-rGOx 
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Fig. S3. (a)-(h) SEM images of N-rGOx and Co-MoS2@N-rGOx. 
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Fig. S4. TEM image of (a-b) 3%, (c-d) 5%, (e-f) 10%, (g-h) 20%, and (i-j) 25% Co-MoS2@N-rGOx. 
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Fig. S5. STEM-HAADF images of (a-b) MoS2@N-rGOx, and (c-d) 25% Co-MoS2@N-rGOx. 
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Fig. S6. Elemental mapping of (a) MoS2@N-rGOx and (b) 15% Co-MoS2@N-rGOx 
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Fig. S7. XRD patterns of the synthesized samples after placing 3 months. Peaks marked by ● are 

associated with CoMoS2.17O1.12 and peaks marked by ◊ can be assigned to CoMoS2.96O0.25 
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Fig. S8. Core-shell nanoparticles observed on 5% and 10%Co-MoS2@N-rGOx. The shell has an interlayer 

distance consistent with MoS2.  

  



9 

 

 

 

Fig. S9. Survey XPS spectra of pristine rGOx, N-rGOx and MoS2@N-rGOx. Note that in MoS2@N-rGOx the 

peak of Mo 3p overlaps with N 1s. 
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Fig. S10. XPS spectra evolution of (a) Mo 3d, (b) S 2p, (c) O 1s and (d) Co 2p peaks with Co doping. 
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Fig. S11. XPS spectra deconvolution about (a) Mo 3d, (b) S 2p and (c) O 1s in the sample with MoS2@N-

rGOx 
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Fig. S12. Raman spectra of rGOx, N-rGOx and MoS2@N-rGOx. 
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Table S1 Atomic ratio of each element in the synthesized samples 

 (a) Detected by EDS 

 C N O S Mo Co Others 

N-rGO 91.45 5.55 2.95 - - -  

MoS2@N-rGOx 65.375 6.225 8.49 11.895 8.025 -  

3% Co doped 

MoS2@N-rGOx 
57.63 7.44 14.95 11.74 7.675 0,57  

5% Co doped 

MoS2@N-rGOx 
58.295 4.345 6.33 19,805 10.33 0.89  

10% Co doped 

MoS2@N-rGOx 
66.11 4.845 9.63 12.245 5.825 1.34  

15% Co Doped 

MoS2@N-rGOx 
64.035 5.615 10.735 11.865 5.315 2.33 Si 0.105 

20% Co doped 

MoS2@N-rGOx 
62,36 6.73 13.66 10.025 4.475 2.75  

25% Co doped 

MoS2@N-rGOx 
64.82 7.34 14.265 7.305 3.21 3.06  
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(b) Detected by XPS 

 

 

  

 C N O S Mo Co Others 

N-rGO 89.79 7.79 2.41 - - -  

MoS2@N-rGOx 64.41 - 8.09 17.6 9.9 -  

3% Co doped 
MoS2@N-rGOx 

56.21 - 11.42 19.31 12.36 0.73  

5% Co doped 
MoS2@N-rGOx 

52.55 - 5.87 25.03 14.92 1.02  

10% Co doped 
MoS2@N-rGOx 

51.61 - 6.59 25.20 14.59 2.03  

15% Co Doped 
MoS2@N-rGOx 

57.96 - 11.44 17.15 9.35 4.11  

20% Co doped 
MoS2@N-rGOx 

55.32 13.96 12.85 10.08 3.92 3.87  

25% Co doped 
MoS2@N-rGOx 

59.06 10.96 13.35 8.42 3.63 4.64  
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Table S2 Comparison of HER activity of microwave synthesized 15% Co doped MoS2@N-rGO with MoS2 

related catalysts described in published articles. 

Catalysts Synthesis method 
Overpotential η at  
10 mA·cm-2 (mV) 

Tafel slope 
(mV·dec-1) 

References 

CoMoS 
Co-precipitation 

followed annealing 
135 50 1 

2D MoS2 monolayer 
CVD followed hydrogen 

plasma treatment 
183 77.6 2 

CoS2 nanowires Solvothermal 145 51.6 3 

MoS2 on 
hydrogenated 

graphene 
Solvothermal 124 41 4 

1T´ MoS2 on graphitic 
nanoribbons 

Solvothermal 205 50 5 

1T MoS2 
CVD followed n-Butyl 

lithium exfoliation  
187 43 6 

Co9S8@MoS2 on CNFs 
Electrospinning 
followed CVD 

190 110 7 

MoS2-rGO240 
Microwaved assisted 

solvothermal 
104 63 8 

Ag2S/MoS2/rGO Solvothermal 190 56 9 

3D-Co-MoS2 on 
graphene 

Hard template and 
solvothermal 

143 71 10 

MoS2 quantum dots Pulsed laser ablation ~200 49 11 

Amorphous MoSx Electrodeposition 160 - 12 

MoS2 on rGO Modified hydrothermal 140 50 13 

Rose-like MoS2 and 
exfoliated WS2 on 
carbon nanotube 

Solvothermal 212 50 14 

Co doped MoS2 on N-
rGOx (as-synthesized) 

Microwave irradiation 197  61 This work 
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