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Figure S1: Schematic illustration of synthesis of Mo2S3 nanostructures. 



 

 

Figure S2: XRD of Mo2S3 nanostructures. 

 



 

Figure S3: XRD of WS2 nanostructures. 



 

Figure S4: XPS high-resolution spectra of (a) Mo 3d, (b) S 2p of Mo2S3 and (c) W 4f, (d) S 2p of 

WS2 nanostructures. 



 

Figure S5: EDX spectrum and elemental mapping of Mo2S3. 



 

Figure S6: EDX spectrum and elemental mapping of WS2. 

 



 

Figure S7: EDX spectrum and elemental mapping of Mo2S3-WS2. 

 



 

 

Figure S8: STEM-EDX mapping images of Mo2S3-WS2. 

 



 

Figure S9. HR-TEM characterization of Mo2S3-WS2 heterostructured composite. Center middle: HRTEM micrograph with analysis 
region delineated (squares). Right: EDX spectrum quantifying elemental distribution across of the zones indicating Mo2S3 or WS2. Left: 
Selected crystallographic domain for interplanar d-spacing estimation by FFT analysis of lattice fringes. Center bellow: estimation of 
boundary demarcation (dotted line), with Mo₂S₃ (010) lattice on the and on the right 2H-WS₂ displaying (100) interplanar spacing. 



 

Figure S10: Experimental arrangement for photoelectrochemical measurement employing three 

electrode set-up. 

 

 



 

Figure S11: Stable photocurrent density response of Mo2S3-WS2 catalyst measured on exposure 

towards 420 nm LED irradiation with 20s on/off pulses at bias voltage of (a) +1.6 V vs RHE, (b) 

-0.15 V vs RHE. 

 

 

 

 

 



 

Figure S12: Photocurrent response of Mo2S3-WS2 catalyst measured on exposure towards 420 nm 

LED on/off at bias voltage of (a) +1.6 V vs RHE, (b) -0.15 V vs RHE, and (c) response time and 

(d) recovery time of Mo2S3-WS2 on exposure towards 420 nm LED at bias voltage -0.15 V vs 

RHE. 

Figure S13: Cyclic voltammograms of (a) Mo2S3, (b) WS2 and (c) Mo2S3-WS2 at different scan 

rate ranging from 10 to 130 mV/s. 

 



Table S1: Comparison of catalytic activity of various Mo2S3, MoS2 and WS2 based nanocatalysts. 

Photocatalyst Electrolyte HER 
Overpoten

tial 

OER 
Overpoten

tial 

Photocur
rent 

Stabilit
y 

Ref 

M-
NiS/Mo2S3 (M 
= Co, Fe, Ce 
and Bi) 

1 M KOH 142 mV at 
10 mA.cm−

2 

  1.574 V 
50 mA.
cm-2 

1 

Mo2S3/Bi2O2C
O3 

Na2SO4 soluti
on 

320 mV at 
10 
mA.cm−2 

 < 1 
μA.cm-2 

 2 

Mo2S3/NSCS-
50 

0.5 M H2SO4   106 mV at 
10 
mA.cm−2 

   3 

CuInS2/Mo2S3    < 0.3 
μA.cm-2 

 4 

Mo2S3/BiOBr Gatifloxacin 
& tetracycline 
hydrochloride 

  0.7 
μA.cm-2 

 5 

Cu9S5/Mo2S3/N
F 

1M KOH 96 mV at 
10 
mA.cm−2 

224 mV at 
mA.cm−2 

 1.55 V 
at 10 
mA.cm-

2 

6 

Mo2S3/MoP2 0.25 M of 
H2SO4  

250 mV at 
10 
mA.cm−2 

   7 

WS2/Zn3In2S6 0.35 M 
Na2S·9H2O/
NaH2PO2 

  ~ 0.1 
mA.cm-2 

 8 

1T-WS2/NCN Triethanolami
ne 

  ~ 2.5 
μA.cm-2 

 9 

Ni-CdS/1T-
WS2 

Lactic acid   < 20 
μA.cm-2 

 10 

Cu-
ZnIn2S4/WO3/
WS2 

0.1 M ascorbi
c acid  

  < 0.5 
μA.cm-2 

 11 

Ti3C2Tx/1T-
WS2/CdS 

Lactic acid ~ - 0.8 V at 
10 
mA.cm−2 

 < 80 
μA.cm-2 

 12 

MoS2/WS2/CdS 0.5 mol·L−1 
Na2SO4 

~ - 0.85 V 
at 10 
mA.cm−2 

 ~ 14 
μA.cm-2 

 13 

MnOx-CdS-
MoS2 

Lactic acid   ~ 6 
μA.cm-2 

 14 



Mo2S3-WS2 

 
1M KOH 92 mV at 

10 
mA.cm−2 

310 mV at 
10 
mA.cm−2 

~ 0.2 
mA.cm-2 

~2.15 
V at 
100 
mA.cm-

2 

(This 

work) 

 

 

 

 

 

Figure S14: (a) Scanning transmission electron microscopic (STEM) images of Mo2S3-WS2 after 

stability and (b) SEM images after stability for 30 h. 

 

 



 

Figure S15: STEM-EDX mapping images of Mo2S3-WS2 after 30 h of stability test. 

 

 

Figure S16: XPS high-resolution spectra of (a) Mo 3d, (b) W 4f and (c) S 2p of Mo2S3-WS2 

nanostructures after stability measurement for 30 h. 

 



 

Figure S17: Raman spectroscopic images of Mo2S3-WS2 nanostructures after HER, OER after 30 

h of stability measurement. 



 

Figure S18: The electrochemical impedance spectra (EIS) of Mo2S3-WS2 before and after 30 h of 

stability measurement. 

 

Figure S19: Polarization curves of a zero-gap alkaline water electrolyzer (Mo2S3-WS2/NF || 

Mo2S3-WS2/NF) in 6 M KOH at (a) room temperature and (b) 60 °C before and after the stability 

test. 

 



Figure S20: XPS (a) survey spectra of Mo2S3-WS2 nanostructures and high-resolution spectra of 

(b) Mo 3d, (c) W 4f and (d) S 2p of Mo2S3-WS2 nanostructures after performing stability test of in 

zero-gap alkaline water electrolyzer under continuous operation at 0.5 mA/cm2 in 6 M KOH at RT 

for over 500 h. 
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