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Supporting Information

Figure S1. High resolution TEM image of one specific Pt nanoparticle deposited on MoS2 for precursor loading of 

(a) 11 wt%, (b) 1.1 wt% and (c) 0.11 wt%. The white lines measure interlayer spacing d(001) in MoS2 of 0.64nm and 

d(111) in Pt crystal of 0.23nm, respectively.
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Figure S2. High resolution TEM images of Pt nanoparticles deposited on MoS2 for thermal annealing temperature 

of (a) 400 °C, (b) 500 °C and (c) 600 °C. The white lines measure interlayer spacing d(111) in Pt crystal. 

Table S1. EDX quantitative elemental analysis based composition determination of Pt-MoS2 catalyst synthesized 

with 10 mM H2PtCl6·6H2O:ethanol, annealed at 400 °C for 40 mins.

Spot Atomic % of element Mo Atomic % of element Pt

1 29.56 3.42

2 29.56 3.32

3 31.38 3.90

4 30.85 3.57

5 30.70 3.29

6 31.56 4.41

7 31.97 2.88

8 31.22 3.59

Average 30.85 3.5475
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Figure S3. EDX spectrum of Pt-MoS2 catalyst synthesized with 10 mM H2PtCl6·6H2O:ethanol, annealed at 400 °C 

for 40 mins.
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Figure S4. TEM images of Pt-MoS2 at Pt wt% of 11 wt%, 1.1 wt% and 0.11 wt% at TA temperature of 500 °C for 

40 mins.

Table S2. Summary of Pt-MoS2 catalytic activity (onset potential, Tafel slope and exchange current density) for 

electrochemical water splitting process. 

Catalysts Onset Potential (mV vs RHE) Tafel Slope (mV/dec) Exchange Current Density (µA/cm-2)

10mM Pt – 400C H2 40min 9 44 373

1mM Pt – 400C H2 40min 65 68 27

0.5mM Pt – 400C H2 40min 68 74 15

0.1mM Pt – 400C H2 40min 359 82 1.9

0.1mM Pt – 500C H2 40min 130 65 0.7

1mM Pt – 500C H2 40min 281 53 0.58

10mM Pt – 500C H2 40min 122 31 1.54

0.1mM Pt – 600C H2 40min 210 139 3.5

0.1mM Pt – 500C H2 20min 103 84 1.9

0.1mM Pt – 500C H2 80min 128 80 0.5

Figure S5. TEM image of Pt precursor coated MoS2 thermal annealed in pure Ar gas (0.11 wt% Pt, 500 °C, 40mins). 

A small amount of Pt nanoparticles are formed in the circled area and indicated by the arrow. 
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Table S3. Summary of literature catalytic parameters towards HER of Pt supported catalysts. (Pt alloy systems not 

included) 

Catalyst Media

Pt 

loading 

(μg/cm2)

Pt 

wt%

Electrochemical 

active surface 

area (m2/g)

Onset 

potential 

(mV vs 

RHE)

Tafel slope 

(mV/decade)

j0-geometric 

(μA/cm2)

Rct 

(Ω)

Ultralow-Pt-loading bamboo-

like nitrogen-doped carbon 

nanotubes1

0.5 M 

H2SO4
-

0.74 

wt%
148.5 40 33 - 79

Nitrogen-doped hollow 

porous carbon polyhedrons 

embedded with highly 

dispersed Pt nanoparticles2

0.1M 

HClO4
2.0 - 516 2.7 27 - -

Ultrathin Pt Layer on Au-

Nanoisland- Modified Si 

Photocathode3

0.1 M 

H2SO4

Pt single 

layer
- - 120 - - -

Single-Walled Carbon 

Nanotubes with Pseudo-

Atomic-Scale Platinum4

0.5 M 

H2SO4

0.114 - 

0.570
- - 27 38 - 40

1150 - 

1940
-

Ultrafine Pt nanoparticles 

decorated MoS2 nanosheets5

0.5 M 

H2SO4
66

2.2 

wt%
- 31 52 256

8-

19

Pt-MoOx/Mo6
KOH

(PH14)
- - 24 58 - -

Pt nanocrystals on nitrogen-

doped graphene7
- -

5 

wt%
1.69 cm2 24 28 989 1.24

Multiple Carbon Nanotube 

Yarns and One Platinum 

Wire8

1 M 

KOH
- - - 188 85 - -

Au(111)-Supported Pt 

Monolayer9

0.1M 

H2SO4
- - 0.0432 cm2 - 68 630 -

poly(a-terthiophene)-Pt 

nanoparticle hybrid material 

(polyTT-Pt)10 

0.5 M 

H2SO4
8550

2.9 

wt%
35.7 67 37 280 570

Pt nanoparticles/MoS2 

nanosheets/carbon fiber11

0.5 M 

H2SO4
-

2 

wt%
250.2 mF/g 5 53.6 - -

Pt/C with boron on the surface 

of support12

1M 

H2SO4
-

20 

wt%
37 - - - -

Pt40/Vulcan XC-7213
1M 

H2SO4
-

40 

wt%
40 - - - -
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tungsten carbide-supported 

nano Platinum catalyst14

0.5 M 

H2SO4
-

16 

wt%
- - - 4420 -

Pt nanoparticle on MoS2 

Single layer15

0.5 M 

H2SO4
27

36 

wt%
- - 40 - -

Films of SWCNTs and 

commercial platinum (Pt) 

blackweresequentially 

castonacarbon fiber 

electrode(CFE)16 

0.5 M 

H2SO4
1000 - 30.8 - 29 3290 44

Monolayer Platinum on 

Tungsten Monocarbide 

Substrates

0.5 M 

H2SO4
- - - - - - -

Pt on Mo2C17
0.1 M 

HClO4
-

7.2 

wt%
- 40 38 6.27 -

Pt/C18 - - - - 13 30 1220 -

Pt nanoparticle decorated 

MoS2 vertical platelets (this 

work)

0.5 M 

H2SO4
13

11 

wt%
- 9 44 373 -

Figure S6. TEM images of the Pt-MoS2 before and after 10,000 cycling treatment. (0.11 wt% Pt, TA 500 °C)
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Figure S7. SEM and TEM images revealing the morphology and structure of the CVD MoS2 thin film. (a,b) Top 

view SEM images of the MoS2 thin film. (c) Tilted view SEM image showing the film thickness. (d)  TEM image 

showing the interlayer spacing d(001) of MoS2 of 0.63 nm. 

The SEM and TEM images depicting the structure of the CVD as-grown MoS2 flakes are shown in Figure 

S7. SEM images (Figure S7a-c) demonstrate the morphology and thickness of the CVD MoS2 thin film. 

As seen in Figure S7a,b, the individual flake size is within the range of 500 – 1000 nm. The film thickness 

can be measured from tilted SEM image (Figure S7c), to be ~ 2 µm. TEM image in Figure S7d shows the 

interlayer spacing of 0.63 nm, corresponding to d(001) of MoS2.
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Figure S8. Comparison of HER activity of Pt-MoS2 with pure MoS2 and pure Pt catalyst. (Pt loading was kept the 

same at 0.11 wt%)

Although some of the Pt particles have deposited at the MoS2 edges, there is still a considerable amount 

of MoS2 edges exposing in the resultant Pt-MoS2 composite as the original MoS2 edges are only partially 

covered by Pt crystals. It can be seen in Figure 3, Pt decoration at the MoS2 edges are discrete that there 

are edges remaining exposed. Hence, in the catalytic process the remaining MoS2 edges are believed to 

participate, which contribute to activity of the composite catalyst. This is in great contract to carbon-based 

Pt supports that are catalytically inactive and act only as scaffold structurally. 

To support this argument, we have performed HER test of the pure MoS2 and pure Pt (at the same loading 

0.11 wt%) catalysts and compared them with the Pt-MoS2 composite. The results are shown in Figure S8. 

It’s worth noting that the Pt catalysts here was prepared by the same thermal annealing process at the same 

amount of Pt precursor as used for synthesis of our Pt-MoS2 composite to facilitate valid comparison and 

elucidate the role of Pt and MoS2 in the resultant composite catalyst. 
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It’s found that the composite outperforms its individual counterparts – pure MoS2 and pure Pt. this result 

confirms that both Pt and MoS2 contribute to the catalytic activity of the composite catalyst. Moreover, 

the fluctuation of HER polarization curve as seen in the pure Pt (green curve) is associated with the 

constant accumulation and release of the H2 bubbles. This phenomenon indicates MoS2 also contributes 

structurally by providing the superaerophobic surface to maintain a constant working area of the catalyst 

surface.

Annealing of pure MoS2.

It’s revealed that the annealing process can lead to recrystallization, elimination of defects as well as 

decrease in degree of vertical alignment of the flakes. Whereas both basal plane defects and edges are 

active sites of MoS2 for HER process.19-22 Therefore, annealing MoS2 destroys the HER catalytic 

favourable structures and thus resulted in decreased HER activity.

Some may argue that H2 annealing could potentially promote the formation of sulphur vacancies (SVs) 

that can catalyse HER. However, the formation of SVs will only be triggered at high temperature (usually 

seen 700 °C and above for thin films; 400 °C and above for monolayer).23-25 Given the thickness of our 

MoS2 film and the thermal annealing temperature (400 °C) applied, the formation of SVs is unlikely to 

occur.

In the event of H2 annealing of our Pt precursor coated MoS2, H2 gas combined with moderate temperature 

enables reduction of precursor and formation of Pt particles that are highly catalytic active. The activity 

loss of MoS2 will be compensated by highly active Pt crystals. Thus, the activity is seen to be greatly 

enhanced for Pt-MoS2 when subject to the same annealing process as pure MoS2. 
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