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Table S1. Lattice parameters of hydrated WO3, MoO3 and W0.5Mo0.5O3.

Lattice ParametersCompound

a (Å) b (Å) c (Å)

WO3 0.33H20 7.35 12.51 7.70

MoO3 0.33H20 7.33 12.67 7.69

W0.5Mo0.5O3 0.33H20 7.34 12.59 7.695

Figure S1. XPS spectra of (a) Mo 3d, (b) W 4f, and (c) O 1s of template W0.5Mo0.5O3 0.33H20.
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Figure S2 High resolution TEM micrograph showing layers of MoS2 in final selectively 
sulfurized product.
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Figure S3. High resolution XPS spectra of (a) Mo 3d, (b) W 4f, (c) S 2p, and (d) O 1s of 
final selective sulfurized product.
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Figure S4: Raman spectra of selective sulfurized product depicting formation of only MoS2. 
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Figure S5. Time dependent experiment; (a) BF-TEM micrograph of 3 h sulfurized product, 
(b) corresponding HAADF-STEM micrograph and EDS maps showing elemental distribution 
of Mo (c), W (d), O (e), and S (f), respectively. 
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Figure S6. Structural arrangement of Mo in octahedral environment of O and H2O in pristine 
W0.5Mo0.5O3 0.33H20.

Figure S7. BF-TEM micrograph of 6 h sulfurized product showing formation of MoS2-WO3 
heterostructure. 
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Table S2. Calculated binding energies and % abundance of various oxidation states of Mo in 
XPS analysis of 6 h sulfurized product. 

Mo Oxidation 
state

Binding 
energy (eV)

Peak area Total area 
of each 

oxidation 
state

% 
abundance 

of each 
oxidation 

state

3d3/2 236.0 26489

3d5/2

+6

232.9 40135

66624 51.3

3d3/2 234.6 25170

3d5/2

+4

231.5 38136

63306 48.7
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Figure S8. High resolution XPS spectra of (a) S 2p, and (b) O 1s of 6 h sulfurized product. 
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Figure S9. Time dependent experiment; (a) BF-TEM micrograph of 12 h sulfurized product, 
(b) corresponding HAADF-STEM micrograph and EDS maps showing elemental distribution 
of Mo (c), W (d), O (e), and S (f), respectively. 
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Figure S10. PXRD pattern of 12 h sulfurized product depicting co-existence of MoS2 (major) 
and WO3 (minor). 
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Figure S11: TGA plot of template W0.5Mo0.5O3 0.33H20.

Figure S12. BF-TEM micrograph showing variation in size of MoS2 obtained using (a) 
hydrated W0.5Mo0.5O3, and (b) non-hydrated W0.5Mo0.5O3.
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Figure S13. Time dependent experiment; HAADF-STEM micrograph of 6 h sulfurized 
product using non-hydrated W0.5Mo0.5O3 and corresponding EDS maps showing elemental 
distribution of Mo, W, S, and O, respectively.
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Figure S14. (a) Powder XRD pattern of pristine MoS2 (synthesized separately using one-pot 
hydrothermal method); (b) BF-TEM micrograph, and (c) Diffraction pattern. 

Characterization of pristine MoS2 

To correlate the physical and electrochemical properties of the MoS2 synthesized using 

selective sulfurization of W0.5Mo0.5O3 with that of MoS2 reported in literature, pristine MoS2 

was prepared using a one-pot hydrothermal method. The characterization of this pristine MoS2 

is shown in Figure S14. Figure S14(a) depicts the powder XRD pattern of as-synthesized 

MoS2, completely matches with JCPDS card no. 06-0097 with lattice parameters a = b = 3.16 

Å, c = 12.295 Å, suggesting phase pure synthesis. In Figure S14(b-c), TEM micrograph and 

corresponding diffraction pattern is shown. Flower morphology with SAED containing rings 

pattern, depicts their polycrystalline behavior. The BET surface area and electrochemical 

properties of these MoS2 flowers have been compared with MoS2 prepared by sulfurization of 

W0.5Mo0.5O3 to elucidate the influence of selective sulfurization process on the materials 

characteristics.



S15

Figure S15. Nitrogen adsorption-desorption isotherms (BET plots) of (a) W0.5Mo0.5O3 (H); (b) 
PS-3 h; (c) PS-6 h; (d) PS-12 h, (e) SS-MoS2; and (f) Pristine MoS2 (inset: Pore size distribution 
curves). 
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Table S3. Specific surface area, average pore size and average pore volume values of samples, 
obtained by BET and BJH method, respectively. 

Sample Surface area 
(m2/g)

Average Pore 
size (nm)

Average Pore 
volume
(cm3/g) 

W0.5Mo0.5O3 (H) 53.9 3.15 0.10

PS-3 h 137.2 3.32 0.14

PS-6 h 229.6 3.72 0.65

PS-12 h 172.2 3.94 0.54

SS-MoS2 122.1 3.73 0.30

Pristine MoS2 45.4 3.14 0.11
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Figure S16. Cyclic voltametric response of samples in the non-faradaic region near to the HER 
polarisation region in 0.5 M H2SO4 of (a) PS-6 h; (b) PS-12 h; (c) SS-MoS2; (d) Pristine MoS2 
and (e) W0.5Mo0.5O3 (H), respectively. 

Figure S17: Equivalent circuit diagram used in EIS simulation.
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Table S4: EIS circuit fitting for HER in 0.5 M H2SO4

Sample R1(solution 
resistance)

R2 (Charge 
transfer 

resistance)

R3 
(adsorption 
resistance)

PS-6 h 4.6 96.7 989

PS-12 h 2.9 51.6 738

SS-MoS2 10.3 206.1 1224

W0.5Mo0.5O3 (H) 1.2 541 2725

Pristine MoS2 5.8 271 3538

Figure S18. Cyclic voltametric response of samples in the non-faradaic region near to the OER 
polarisation region in 1M KOH of (a) PS-6 h; (b) PS-12 h; (c) SS-MoS2; (d) Pristine MoS2 and 
(e) W0.5Mo0.5O3 (H), respectively. 
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Table S5: EIS circuit fitting for OER in 1 M KOH

Sample R1(solution 
resistance)

R2 (Charge 
transfer 

resistance)

R3 
(adsorption 
resistance)

PS-6 h 5.5 14.2 2.9

PS-12 h 5.6 11.8 9.4

SS-MoS2 6.3 17.1 18.4

W0.5Mo0.5O3 (H) 5 26.1 1159

Pristine MoS2 4.6 36.6 4154
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Figure S19. Post HER analysis of PS-6h sample; (a) PXRD pattern; (b) SEM micrograph; (c) 
HAADF-STEM micrograph and corresponding EDS maps of Mo, W, S and O elements in the 
sample.
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Figure S20. Post OER analysis of PS-6h sample; (a) PXRD pattern; (b) SEM micrograph; (c) 
HAADF-STEM micrograph and corresponding EDS maps of Mo, W, S and O elements in the 
sample.
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Figure S21. Post OER analysis of SS-MoS2 sample; (a) PXRD pattern; (b) HAADF-STEM 
micrograph and corresponding EDS maps of Mo, S, and O elements in the sample.

Table S6. Comparison of HER and OER activity of previously reported MoS2 and its 
heterostructures with our samples. 

Sample Reaction Electrolyte 
media

Overpotential 
@ 10 

mA/cm2
 

(mV)

Tafel 
slope

(mV/dec)

Stability 
14h
(% 

activity 
retention)

Reference

PS-6 h 
(MoS2-WO3 

heterostructure)

HER 0.5 M 
H2SO4

211 123 95 This 
work

2H MoS2 HER 0.5 M 
H2SO4

686 204 - 1

MoS2 sheets HER 0.5 M 
H2SO4

420 138 - 2

Etched MoS2 HER 0.5 M 
H2SO4

267 136 - 3

SV-2H MoS2 HER 0.5 M 
H2SO4

369 69 - 1

MoS2/Nb2CTx HER 0.5 M 
H2SO4

138 94 ~70 4

FeS2-MoS2 HER 0.5 M 
H2SO4

136 82 - 5

Ni-MoS2 HER 0.5 M 
H2SO4

302 67 - 6
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1T-2H MoS2 HER 0.5 M 
H2SO4

212 78 - 7

Mo2N/CNT HER 0.5 M 
H2SO4

218 133 ~80 8

MoO3-MoS2 HER 0.5 M 
H2SO4

200 74 - 9

Co-BDC/MoS2 HER 0.5 M 
H2SO4

248 86 ~85 10

MoS2/Ni QDs HER 0.5 M 
H2SO4

450 105 - 11

MoS2/graphene HER 0.5 M 
H2SO4

30 67 - 12

MoS2 ultrathin 
nanosheets

HER 0.5 M 
H2SO4

300 55 - 13

H-MoS HER 0.5 M 
H2SO4

167 70 - 14

SV-MoS2 HER 0.5 M 
H2SO4

170 60 - 15

PS-6 h 
(MoS2-WO3 

heterostructure)

OER 1 M KOH 485 179 87 This 
work

MoS2/Co-N-CN2 OER 1 M KOH 442 169 ~72 16

Co9S8@MoS2 OER 1 M KOH 430 61 - 17

Sr2Fe2O6@d OER 0.1M 
KOH

600 60 - 18

Co-CoO/rGO OER 1M KOH 390 68 97 19

MoS2/BN OER 1M KOH 770 190 - 20

BP/NS OER 1M KOH 592 308 - 21

BP(Ni2Fe2) OER 1M KOH 510 252 - 22

MoS2/rGO-3% OER 1M KOH 250 195 - 23

MoO3 OER 1M KOH 644 89 - 24

Porous MoO3 OER 1M KOH 510 125 83 25

MoS2/NiS2 OER 1M KOH 235 71 - 26

Ni-Mo-S@CC OER 1M KOH 320 88 - 27

Co-Ru 1T MoS2 OER 1M KOH 308 55 - 28

Fe/MoS2/CoMo2S4 OER 1M KOH 290 65 - 29

M1S1 OER 1M KOH 300 220 - 30
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Mo NC@MoS2 OER 1M KOH 390 72 - 31

MoS2/COF-C4N OER 1M KOH 349 64 79 32
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