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Preparation of working electrode with catalyst: After the ALD of MoS2 on Au/Ti/Si substrate, the 

geometrical area of the catalytic film was defined with a Kapton tape as shown in Fig. S1. The specimen 

was connected to a metal wire using silver paste. During the electrochemical measurements, the defined 

area of the working electrode was immersed into the electrolyte solution. 

  

 

Figure S1. Picture of MoS2/Au/Ti/Si working electrode of which the geometric area was defined to 1 

cm
2
 by a Kapton tape. The specimen was connected to a metal wire using silver paste. 
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Ohmic potential drop (iR) correction: The ohmic drop correction was performed with a series re-

sistance (Rs) determined by electrochemical impedance measurement, according to the method given in 

Ref. S1. In our electrochemical setup, the series resistance may contain four components arising from 

the resistance in the wiring (Rwiring, e.g., electrode cables, alligator clips, Ag paste), the resistance in the 

Au substrate (Rgold), the solution resistance (Rsol) and the resistance due to the MoS2 film itself (Rfilm). 

The electrochemical impedance measurements were performed at open circuit potential from 200 kHz 

to 50 mHz, using an AC amplitude of 25 mV. For all specimens, the series resistance was determined to 

be ~2.5 Ω by the real component of the impedance at high frequencies where the imaginary component 

is negligible, as shown in the Nyquist plot of Fig. S2. This reveals that the contribution of Rfilm to the 

series resistance is negligible. Therefore the iR correction using the measured Rs does not overestimate 

the HER activity. The experimental overpotential (ηexp) was corrected by subtracting the ohmic drop 

(iRs) as the equation of ����� = ���� − 
�. 
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Figure S2. Nyquist plots of MoS2 thin films and bare gold specimens performed at open circuit poten-

tial from 200 kHz to 50 mHz, using an AC amplitude of 25 mV. The series resistance was measured to 

be ~2.5 Ω for all specimens.  

 

  



 

 

3

Capacitance measurements: Since the effective surface area of the catalyst film is linearly propor-

tional to the double layer capacitance (Cdl), we performed cyclic voltammetry (CV) to obtain the values 

of Cdl for the MoS2 films and the bare Au specimen in a potential range of 0.1 ~ 0.2 V with various scan 

rates (20, 40, 60, 80, 100 mV/s), according to the method in the Ref. S2. The cathodic (Jc) and anodic (Ja) 

current densities of the cyclic voltammograms in Figs. S3 (a-c) should be mainly originated from the 

charging of the electric double layer, because there is no faradaic process in the voltage range. In Fig. 

S3d, the current density difference (∆j) of Jc and Ja at 0.15 V vs RHE was plotted against the scan rate 

and fitted to a linear line. The slope represents a doubling of the double layer capacitance. The double 

layer capacitance of the bare Au, MoS2 (2 nm)/Au, and MoS2 (9.4 nm)/Au specimens are 8, 45, and 152 

µF/cm
2
, respectively. Comparing the double layer capacitances of the two MoS2 specimens, the thinner 

film has a Cdl value 3.4 times smaller than the thicker film. This reveals that MoS2 did not completely 

cover Au in the MoS2 (2 nm)/Au specimen due to the ultrathin thickness.  
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Figure S3. (a-c) Cyclic voltammograms in the range of 0.1 ~ 0.2 V vs RHE for the bare Au (a), MoS2 

(2 nm)/Au (b) and MoS2 (9.4 nm)/Au (c) specimens. (d) The differences in current density (∆j = ja-jc) at 

0.15 V vs RHE plotted against scan rate. The each plot was fitted to a linear line to determine the value 

of Cdl.   
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Grazing incidence X-ray reflectivity (XRR): For the MoS2 film grown on a bare Si wafer, we per-

formed low angle XRR measurement in the 2θ range of 0 ~ 2
o
 in order to obtain the film density. The 

experimental data was fitted for the film to be 12.8 nm with a density of 2.9 g/cm
3
 as shown in Fig. S4. 

The thickness determined by XRR roughly agrees with the thickness (11.5 nm) determined by spectro-

scopic ellipsometer with a Tauc-Lorentz dispersion function.
S3

 In addition, the density of the film re-

veals that the film is less dense in comparison to the crystalline MoS2, due to the amorphous nature of 

the film grown at 100 
o
C.  
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Figure S4. Low angle XRR data and its fitted curve for MoS2/Si specimen. 
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Scanning electron microscopy (SEM) images: The high resolution SEM images were taken on the 

MoS2 film grown on Au. For these images, any metal, which is generally coated on an insulating speci-

men to avoid the charging effect by electron beam, was not coated on the specimen, because the MoS2 

film is considerably conducting (Fig. 5). For the MoS2 (2 nm)/Au, the grains of Au are clearly visible 

due to the ultrathin thickness. However the MoS2 (9.4 nm)/Au specimen shows that the grains and their 

boundaries are covered by the film, even though the surface is still rough.  

 

 

 

 

 

Figure S5. SEM images of MoS2 (2 nm)/Au (a - b) and MoS2 (9.4 nm)/Au (c - d). 
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Stability test of ALD-MoS2 catalyst: For the stability test of the ALD-MoS2/Au catalyst, the cyclic 

voltammetry (CV) was repeated for 1000 cycles between 0.205 ~ -0.195 V vs. RHE in 0.5 M H2SO4. 

There is a significant loss of activity after 1000 CV cycling.  
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Figure S6. Stability of ALD-MoS2/Au catalyst before and after 1000 CV cycling.  
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