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Experimental Section 

Chemicals 

The Graphene oxide (GO) was synthesized by Hummers’ method and then allocated to a 

GO/water homogeneous dispersion with the GO concentration of 1.0 mg mL–1. Moreover, all 

the relevant reagents in this work were purchase from Shanghai Aladdin biochemical 

technology co., LTD (China) without further treatment except potassium hydroxide aqueous 

electrolyte was purified. 

Preparation of MoS2/G HS  

The MoS2/G HS catalyst was synthesized as follows: First, 30 mL of negatively charged 

GO/water homogeneous was modified by the dispersed mixture solution, which was formed by 

360 mg of positively charged polyethyleneimine (PEI) and 20 mL distilled water. After stirred 

continuously for 24 h, the products (PEI/GO) were centrifuged and washed several times by the 

distilled water. Second, the obtain PEI/GO dispersed in the 30 mL distilled water with sonicated 

for 30 min, and then 200 mg (NH4)2MoS4 were added into the above mixture solution under 

vigorous stirring for another 24 h. The relevant solid products were collected by centrifuged 

and washed with distilled water, and dried through a freeze-drying process. Third, the obtained 

powder was thermally treated at 450oC for 2 h and then 750oC for another 2 h under an H2/Ar 

flow. After cooling to room temperature, the MoS2/G HS was obtained. 

Preparation of MoS2/G MP, G, and MoS2/G MM 

The pure MoS2 micron particles (MoS2 MP) and pure G were obtained by directly thermal 

treatment under an H2/Ar flow from the (NH4)2MoS4 and GO power, respectively. The MoS2/G 

MM was synthesized by mechanical mixture of MoS2 MP and G with the appropriate molar 

concentration ratios of 82.1:17.9. 

Electrochemical Measurements 

The electrocatalytic activity measurements were performed by a CHI 660D electrochemical 

workstation in N2 saturated 1.0 M KOH and 0.5 M H2SO4 solutions. The as-synthesized 
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catalysts covered on the carbon fiber papers were the working electrode with the mass of 1.5 

mg cm–2, and a graphite rod and Ag/AgCl electrode can selected as the counter and reference 

electrodes, respectively. All current densities presented were corrected against ohmic potential 

drop. The 1000th cyclic voltammetry curves (CVs) measurement were conducted between 0.2 

and –0.28 vs. the reversible hydrogen electrode (RHE) in 0.5 M H2SO4 solution (0.2 and –0.32 

vs. RHE in 1.0 M KOH solution) to investigate the stability of MoS2/G HS. Electrochemical 

impedance spectroscopy (EIS) were measured in a frequency range from 0.1 Hz to 100 kHz. 

All the measured potentials were corrected vs. RHE by the Nernst equation: ERHE = EAg/AgCl + 

0.059 × pH + 0.197 V. 

Structure Characterizations 

The crystal structure of catalysts were measured by X-ray diffractometer (PANalytical X’Pert 

PRO) with Cu Kα radiation (λ = 1.5418 Å) at 40 kV and 40 mA. The morphology and 

microstructures were characterized by scanning electron microscope (Hitachi SU8010, 15 kV) 

and transmission electron microscopy (Tecnai G2 F30, 200 kV). X-ray photoelectron 

spectroscopy and Raman spectra analyses were carried out by using a spectrometer with Al Kα 

radiation (Nepean, ON) and Renishaw INVIA. The contact angle was measured by the 

instrument from POWEREACH (JC2000D5, 220V). 

Computational details 

DFT calculations were performed using the projector augmented wave (PAW) formalism 

within the generalized gradient approximation (GGA) method with Perdew-Burke-Ernzerhof 

(PBE) exchange-correlation functional as implemented in Vienna Ab Initio Simulation Package 

(VASP).1 The cutoff energy of 500 eV for the plane-wave basis set has been consistently used 

in all calculations. The convergence criterion of 0.05 eV/Å was used for the forces in geometry 

optimizations and 10–4 eV was used for the energy convergence. The rev-vdW-DF2 method 

proposed by Hamada was employed to include the dispersion contribution for the adsorption.2 

According to experimental observation, the pristine 2H-MoS2 has the lattice parameters of 
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a=3.16 Å and c=12.29 Å.3 In this work, the lattice parameters of 2H-MoS2 unit cell optimized 

with a 10×10×3 Monkhorst-Pack grid were a=3.17 Å and c=12.33 Å (interlayer distance 6.17 

Å), in good agreement with the experimental values.4 The lattice parameter of graphene (a=2.46 

Å) is distinct from MoS2 by 22%. To construct the heterostructure of MoS2 and graphene, a 

4×4 supercell of MoS2 and a 5×5 supercell of graphene were used. The difference of lattice 

parameters then reduced to 3%. Considering the experimental interlayer distance was 

determined to be 11 Å for the heterostructure in this work, the c vector was fixed to 22 Å (double 

the interlayer distance) during the optimization while a vector was relaxed; the optimized a 

vector of the heterostructure was 12.43 Å. The vaccum for the edge model was set to be at least 

10Å. 

 

 

 

 

 

Figure S1. XPS spectra of Mo 3d (a) and S 2p (b) in MoS2/G HS electrodes toward HER. 
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Figure S2. (a) Low-resolution TEM image of MoS2/G HS, (b-c) SEM images of MoS2 MP. 

 

 

Figure S3. (a-d) Element mapping images of C, Mo, S in MoS2/G HS. 

 

 

Figure S4. (a) EDS image and (b) TG curve of MoS2/G HS. 
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Figure S5. (a, c) Nitrogen adsorption and desorption isotherms and (b, d) the corresponding 

pore-size distribution calculated of MoS2/G HS and MoS2 MP. 

 

 

Figure S6. Calculated turnover frequencies for MoS2/G HS electrode films in (a) 0.5 M H2SO4 

and (b) 1.0 M KOH solutions. 
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Figure S7. Cyclic voltammograms in the region of 0.25–0.35 V vs. RHE for (a) MoS2/G HS, 

(c) MoS2/G MM and (e) MoS2 MP electrodes. The differences in current density at 0.3 V vs. 

RHE plotted against scan rate fitted to a linear regression allows for the estimation of Cdl for 

(b) MoS2/G HS, (d) MoS2/G MM and (f) MoS2 MP electrodes. 

 

 

Figure S8. Nyquist plots for MoS2/G HS, (d) MoS2/G MM and (f) MoS2 MP electrodes for 

HER in (a) 0.5 M H2SO4 solution under the overpotentials of 300 mV and b) 1.0 M KOH 

solution under the overpotentials of 350 mV.  
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Figure S9. (a) Low-resolution SEM, and (b) HRTEM images of MoS2/G HS after HER process 

for 10 h. 

 

Table S1 Comparison of the HER activities of the MoS2/G HS, MoS2/G MM, and MoS2 MP 

catalysts in 0.5 M H2SO4 and 1.0 M KOH solutions with recently published results. 

Catalyst η10 

(mV) 

η100 

(mV) 

Electrolyte Ref. 

Au-MoS2 280 － 0.5 M H2SO4 [5] 

MoS2 187 ～240 0.5 M H2SO4 [6] 

P-doped 2H-MoS2 217 ～320 0.5 M H2SO4 [7] 

MoS2 nanodots 248 － 0.5 M H2SO4 [8] 

MoS2-cPAN 185 － 0.5 M H2SO4 [9] 

MoO2/MoS2 
nanofiber 

340 － 0.5 M H2SO4 [10] 

V-doping MoS2 194 ～275 0.5 M H2SO4 [11] 

metallic-Phase 
MoS2 

210 － 0.5 M H2SO4 [12] 

edge-aligned -
2H/1T-MoS2/RGO 

186 ～230 0.5 M H2SO4 [13] 

amorphous 
phosphorus-doped 
MoS2 

219 － 0.5 M H2SO4 [14] 

oxygen-
incorporated MoS2 

～185 ～290 0.5 M H2SO4 [15] 

defect-rich MoS2 ～190 － 0.5 M H2SO4 [16] 

Co-BDC/MoS2 248 － 1.0 M KOH [17] 

1T-2H MoS2 
Heterostructures 

～280 － 1.0 M KOH [18] 

Ni(OH)2/MoS2 227 － 1.0 M KOH [19] 
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MoS2 MP 383 

436 

675 

647 

0.5 M H2SO4 

1.0 M KOH 

This work 

MoS2/G MM 343 

348 

494 

468 

0.5 M H2SO4 

1.0 M KOH 

This work 

MoS2/G HS 180 

183 

268 

313 

0.5 M H2SO4 

1.0 M KOH 

This work 
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