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Fig. S1 : Simulated Mott-Schottky plots of n-WS2, p-WS2-2.4, p-WS2-6.2 and p+-WS2-9.8 
semiconductor electrocatalysts generated from SCAPS software
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Fig. S2  Variation of onset potential (@ 1 mA cm-2) and overpotentials (@ 10 mA cm-2) of all 
catalysts for different Ir concentration in 0.5M H2SO4 electrolyte. The overpotential 
difference from the standard Pt/C (EPt/C-Ecatalyst) electrode at j=10 mA cm-2 shown in inset.

Fig. S3  (a) Comparative cyclic voltrametry stability test data for 2000 cycles and (b) 
chronoampeometry durability measurment of n-WS2 and p+-WS2-9.8 electrocatalysts in  
0.5M H2SO4 electrolyte
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Fig. S4  (a) Low and (b) high-resolution TEM images, and (c) EDX spectra of p+-WS2-9.8 after 
2000 cycles voltrametry stability in  0.5M H2SO4 electrolyte
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Fig. S5  Cyclic voltametry curve of  of n-WS2, p-WS2-2.4, p-WS2-6.2 and p+-WS2-9.8 
semiconductors catalysts for different scan rate measured in 0.5 M H2SO4 electrolyte. .

Fig. S6  Specific capacitance data of n-WS2, p-WS2-2.4, p-WS2-6.2, and p+-WS2-9.8 
electrocatalysts measured in 0.5M H2SO4 electrolyte.
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Fig. S7 Nyquist plots of n-WS2, p-WS2-2.4, p-WS2-6.2, and p+-WS2-9.8 electrocatalysts 
measured in 0.5M H2SO4 electrolyte
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Fig. S8 (a) HER polarization with corresponding  (d) Tafel plots of n-WS2, p-WS2-2.4, p-WS2-
6.2, and p+-WS2-9.8 measured in 0.01 M KOH electrolyte (pH = 12).

Working electrodeParameters Electrode 
contact 2H-WS2 Ir-2.4at% Ir-6.2at% Ir-9.8at%

Electrolyte
contact

Thickness (µm) 100 100 100 100
Relative 
permittivity

13.4 13.4 13.4 13.4

Band gap (eV) 1.6 1.85 2 0.95
Electron 
affinity (eV)

4.5 4.5 4.5 4.5

Effective DOS 
CB (cm-3)

2.02x1019 2.02x1019 2.02x1019 2.02x1019
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Table T1
SCAPS simulation software data used to generate electronic band structure of n-WS2, p-WS2-
2.4, p-WS2-6.2 and p+-WS2-9.8 semiconductors catalysts at flat band condition including 
glace carbon electrode (electrode contact) and 0.5 M H2SO4 electrolyte (electrolyte contct) 
data. 

Table T2
Summary of the HER activity of WS2 based electrocatalysts measured at differert scan rate. 

Effective DOS 
VB (cm-3)

2.48x1019 2.48x1019 2.48x1019 2.48x1019

Electron 
mobility 
(cm2/Vs)

200 200 200 200

Hole mobility 
(cm2/Vs)

50 50 50 50

Doping density 
(cm-3)

8x1017 3x1018 8.3x1018 4x1019

Workfunction 
(eV)

4.5 5

Electron 
charge 
transfer 
velocity (cm/s)

101 1010

Hole charge 
transfer 
velocity (cm/s)

1010 101
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