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Element Weight% Atomic%
Se L 63.01 67.42

Mo L 36.99 32.58
Totals 100.00
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Figure S1. (a) SEM image and (b) TEM image of the MoSe2 nanosheet network; (c) 
high-magnification TEM image showing folded edge of the nanosheets; (d) EDX 
spectrum of the area marked in (a) reveals that the atomic ratio of Se:Mo is 2.07:1. 

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2014



2 nm5 nm

a b

c

10 nm

10 nm

7.1 Å (002)  

7.2Å (002)  

6.5Å (002) 
7.0Å (002) 

10 nm

7.1 Å (002)  

7.2Å (002)  

6.5Å (002) 
7.0Å (002) 

1

2
1

2

Figure S2. (a) TEM image and (b) HRTEM image of the S-doped basal plane of the 
nanosheets reveals the disordering of atomic arrangements and the domain-walls of the 
nanodomains contribute to higher density of active sites for HER; (c) higher-
magnification TEM image and enlarged images on selected areas showing the non-
uniformity of the interlayer spacings between adjacent (002) planes. The interlayer 
spacing is measured directly in software Digital Micrograph. 
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Figure S3. (a) XPS spectra showing the presence of Mo, Se and S; (b) high-resolution 
XPS spectra of Se 3d.  

Tafel Analysis and HER mechanism:  

There are three possible steps for the HER in acidic media. 

Firstly, it is a primary discharge process and H+ adsorption step (Volmer reaction): 

O     𝐻3𝑂 + + 𝑒 ‒ →𝐻 ∗
𝑎𝑑 +  𝐻2        𝑏 ≈ 120 𝑚𝑉

Secondly,  is an unstable adsorbed intermediate after the primary discharge step and 𝐻 ∗
𝑎𝑑

needs to migrate to a stable position on the electrode material surface (Spillover): 

          𝐻 ∗
𝑎𝑑𝑠→ 𝐻𝑎𝑑𝑠 𝑏 ≈ 60 𝑚𝑉



Thirdly, the following desorption of  to form  is possibly proceed via an 𝐻𝑎𝑑𝑠 𝐻2

electrochemical desorption step (Heyrovsky reaction) 

          𝐻𝑎𝑑𝑠 + 𝐻3𝑂 + + 𝑒 - →𝐻2 + 𝐻2𝑂 𝑏 ≈ 40 𝑚𝑉

or a chemical recombination step (Tafel reaction) 

𝐻𝑎𝑑𝑠 + 𝐻𝑎𝑑𝑠→𝐻2          𝑏 ≈ 30 𝑚𝑉

Electrochemical Impedance Measurement: 

R1 R2

CPE1

Element Freedom Value Error Error %
R1 Free(+) 8.943 0.26791 2.9958
R2 Fixed(X) 145 N/A N/A
CPE1-T Free(? 7.656E-05 2.1886E-06 2.8587
CPE1-P Fixed(X) 0.7 N/A N/A

Chi-Squared: 0.0089201
Weighted Sum of Squares: 0.24976

Data File: F:\HER\131123-XC-Impedance\2.mdat|Run01\
2_Run01_Un1Ch2_Step12.z

Circuit Model File:
Mode: Run Fitting / Freq. Range (0.001 - 1000000)
Maximum Iterations: 100
Optimization Iterations: 0
Type of Fitting: Complex
Type of Weighting: Calc-Modulus

Figure S4. Electrical equivalent circuit employed to fit the Nyquist plots. R1 represents 
the solution resistance R2 is attributed to the charge transfer resistance. The EIS data were 

fitted with model using Zview. 

Material R1 R2 (Rct at η = 150 mV)
S-doped MoSe2 9.4 35.66

MoSe2 9.3 145.02

Table S1. Solution resistance (R1) and charge transfer resistance (R2) at overpotential of 
150 mV calculated based on the model in Figure S4. 


