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Figure S1. SEM images of pure MoS2.

Figure S2. AFM image of MoS2.

From the AFM results (Fig. S2), the pure MoS2 has a thickness of 3.9 nm, which is roughly the 

thickness of 6 layers of MoS2.
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Figure S3. TGA curves of MoS2, MoS2/rGO-1, MoS2/rGO-2, MoS2/CNT-1 and MoS2/CNT-2.

Figure S4. TEM images of (a) GO and (b) rGO after MSH treatment. TEM images of CNTs (c) 

before and (d) after MSH treatment.
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Figure S5. SEM images of MoS2/rGO-2 at different reaction time: (a) 0 min, (b) 2 min, and (c) 4 

min.

Figure S6. SEM images of MoS2/CNT-2 at different reaction time: (a) 0 min, (b) 2 min, and (c) 4 

min.

Figure S7. SAED patterns of (a) MoS2/rGO-2, and (b) MoS2/CNT-2.
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Figure S8. PL spectra of MoS2/rGO-2 and MoS2/CNT-2.

Figure S9. Polarization curves of CNT and rGO.
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Figure S10. Faradaic efficiency of MoS2/CNT-2 at 20 mA/cm2.

Figure S11. Stability test for MoS2/CNT-2.
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Figure S12. XPS spectra of (a) Mo 3d and S 2s peaks, and (b) S 2p peaks of MoS2/CNT-2 

composites before and after HER tests.

Figure S13. Double-layer capacitance analyses for MoS2. (a) Cyclic voltammograms in the region of 

0.1‒0.4 V vs. RHE at different scan rates. (b) The plots of current densities against scan rates. ∆j is 

the difference between anodic and cathodic current densities at 0.23 V vs. RHE. The same 

parameters are used for the tests below.

Figure S14. Double-layer capacitance analyses for MoS2/rGO-1.
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Figure 15. Double-layer capacitance analyses for MoS2/rGO-2.

Figure S16. Double-layer capacitance analyses for MoS2/CNT-1.

Figure S17. Double-layer capacitance analyses for MoS2/CNT-2.
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Figure S18. Nitrogen adsorption-desorption isotherms of (a) MoS2, (b) MoS2/rGO-1, (c) MoS2/rGO-

2, (d) MoS2/CNT-1, and (e) MoS2/CNT-2. (f) BET surface areas of MoS2, MoS2/rGO-1, MoS2/rGO-

2, MoS2/CNT-1 and MoS2/CNT-2 based on nitrogen adsorption-desorption isotherms.
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Figure S19. Polarization curves of MoS2/CNT-3 and MoS2/CNT-4.

As shown in Fig. S19, when the amount of CNTs was increased to 75 mg, the resulting products 

(denoted as MoS2/CNT-3) exhibit an overpotential of 163 mV. A further increase of the CNTs 

feeding amount to 100 mg generates MoS2/CNT-4, which has an increased overpotential of 195 mV 

compared to that of MoS2/CNT-3.

Table S1 Representative top-down strategies to prepare 2D MoS2.

Reagent
Time 

(h)

Yield 

(%)
Ref.

Cetyltrimethylammonium bromide/sodium 

dodecyl sulfate
8 N/A 1

Polyvinylpyrrolidone 9 N/A 2

Dimethylformamide 1 N/A 3

Dimethylformamide 6 2.5~3 4

Methyllithium/n-butyllithium/tert-butyllithium 72 N/A 5

Chitosan 1 3.7 6
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Table S2 Comparison of some representative bottom-up strategies recently reported to prepare MoS2.

Molybdenum source Sulfur source Medium Time Temp. (oC) Ref.

Sodium molybdate Thiourea Ethanol 24 h 180 7

Molybdenum trioxide Thioacetamide Ethanol 18 h 200 8

Sodium molybdate L-cysteine
Ethanol, 

water
24 h 220 9

Hexacarbonylmolybdenum Sulfur Acetone 8 h 180 10

Ammonium 

tetrathiomolybdate

Ammonium 

tetrathiomolybdate
Water 24 h 200 11

Sodium molybdate Thiourea Water 12 h 200 12

Ammonium molybdate Thiourea Water 24 h 200 13

Molybdenum trioxide
Potassium 

thiocyanate
Water 24 h 210 14

Sodium molybdate Thioacetamide Water 24 h 220 15

Sodium molybdate Thiourea Steam 5 min N/A
This 

work

Table S3 C 1s XPS results of GO and CNTs.

Sample
C=C and C-C 

(at.%)

C-O 

(at.%)

C=O 

(at.%)

Pristine GO 43.1 37.5 19.4

GO after MSH treatment 62.4 24.3 13.3

Acid treated CNTs 38.8 48.6 12.6

CNTs after MSH treatment 45.9 38.6 10.5
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Table S4 Electrocatalytic performances comparison of our MoS2-carbon composites with recent 
related literatures.

Substrate
MoS2 ratio 

(wt%)

Overpotential 

(mV)

Tafel slope 

(mV/dec)

Cdl 

(mF/cm2)
Ref.

Graphene 70 132 45 32.73 16

Graphene ~ 44 ~ 150 41 N/A 17

rGO 82.8 156 44 ~ 65.6 18

Nitrogen-doped 
graphene

N/A 208 79 28.1 19

Sulfur-doped 
graphene

25 290 152 N/A 20

Graphene 22.3 ~ 560 61 N/A 21

Oxidized CNT N/A ~ 200 47 31 22

Nitrogen-doped CNTs 
on carbon paper

N/A 160 36 N/A 23

Acid-treated CNTs N/A ~ 184 44.6 N/A 24

rGO 86.1 216 56.66 4.08
MoS2/rGO-
1, this work

rGO 75.3 218 56.76 5.04
MoS2/rGO-
2, this work

CNTs 69.2 225 72.99 4.50
MoS2/CNT-
1, this work

CNTs 49.6 194 52.70 5.12
MoS2/CNT-
2, this work

aCNTs - 163 N/A N/A
MoS2/CNT-
3, this work

Note: aThe feeding amount of CNTs is increased to 75 mg, and other experimental procedures are 
identical to that of MoS2/CNT-1 and MoS2/CNT-2. The overpotential is that at j = - 10 mA/cm2.
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