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Table S1 Sample abbreviations, preparation conditions and corresponding loading of the as-prepared MoSx/KBs (Ketjen Black as substrate, dose rate = 80 
Gy/min).

Sample Absorbed dose (kGy) Ketjen black substrate (mg) (NH4)2MoS4 (mmol/L) Loading of MoSx (%)
MoSx/KB-Ⅰ 50 200 12.5 48.0
MoSx/KB-Ⅱ 100 200 12.5 48.3
MoSx/KB-Ⅲ 150 200 12.5 48.9
MoSx/KB-Ⅳ 200 200 12.5 48.6
MoSx/KB-Ⅴ 250 200 12.5 49.1
MoSx/KB-Ⅵ 300 200 12.5 47.9
MoSx/KB-Ⅶ 100 200 0.66 3.2
MoSx/KB-Ⅷ 100 200 1.38 9.1
MoSx/KB-Ⅸ 100 200 3.12 19.2
MoSx/KB-Ⅹ 100 200 5.36 29.0
MoSx/KB-Ⅺ 100 200 8.34 37.9
MoSx/KB-Ⅻ 100 200 12.5 48.3



Table S2 Sample abbreviations, preparation conditions and corresponding loading of the as-prepared Pt-MoSx/KBs (MoSx/KB-Ⅸ as substrate, dose rate = 25 
Gy/min).

Sample Absorbed dose (kGy) MoSx/KB-IX substrate (mg) H2PtCl6 (mmol/L) Loading of Pt (%)
Pt-MoSx/KB-Ⅰ 25 200 1.0 1.3 
Pt-MoSx/KB-Ⅱ 25 200 2.1 3.3 
Pt-MoSx/KB-Ⅲ 25 200 3.9 5.7 
Pt-MoSx/KB-Ⅳ 25 200 6.3 8.9 
Pt-MoSx/KB-V 25 200 9.8 13.9
Pt-MoSx/KB-VI 5 200 9.8 11.9
Pt-MoSx/KB-VII 10 200 9.8 12.3
Pt-MoSx/KB-VIII 50 200 9.8 14.6
Pt-MoSx/KB-IX 75 200 9.8 14.5



Fig. S1 (a) The deconvoluted Mo 3d high-resolution X-ray photoelectron spectrum of 

MoSx/KB-IX; (b) The relationship curve of the Mo(IV)/Mo(VI) ratio and S/Mo ratio of 

MoSx/KB catalysts with absorbed dose; (c) The deconvoluted S 2p high-resolution X-ray 

photoelectron spectrum of MoSx/KB-IX; (d) The relationship curve of the high active S 

content of MoSx/KB catalysts with absorbed dose.



Fig. S2 Comparison of deconvoluted Pt 4f high-resolution XPS spectra of metallic Pt and Pt-

MoSx/KB-III.



Fig. S3 the STEM-EDS mapping image of MoSx/KB-IX.

Fig. S4 The TEM image comparison of the as-synthesized Pt-MoSx/KBs.



Fig. S5 The particle size distribution of Pt NPs in the as-synthesized Pt-MoSx/KBs, which is 

calculated from their corresponding TEM images.

Fig. S6 The average particle size of Pt NPs in the as-synthesized Pt-MoSx/KBs under 

different absorbed doses (a) and different concentrations of H2PtCl6 precursor (b).



Fig. S7 (a) LSV curves of the MoSx/KBs with different high-active S contents and (b) their 

corresponding η values; (c) LSV curves of the MoSx/KBs with different MoSx loading rates 

and (d) their corresponding η values.



Fig. S8 (a) Tafel curves of MoSx/KBs with different high-active S contents and (b) their 

corresponding Tafel slope values; (c) Tafel curves of MoSx/KBs with different MoSx loading 

rates and (d) their corresponding Tafel slope values.



Fig. S9 CV curves of (a) KB, (b) 20% Pt/C, (c) MoSx/KB-IX, and (d) Pt-MoSx/KB-III catalysts 

measured at different scan rates. (e) Current density differences plotted against scan rates.



Fig. S10 Nyquist plots of KB, 20% Pt/C, MoSx, MoSx/KB-IX and Pt-MoSx/KB-III.



Fig. S11 (a) HR-TEM image of Pt-MoSx/KB-III after 48h HER running at current density of 

20 mA cm-2. (b) The selected area for statistical crystal facet parameter of platinum and (c) the 

statistical result in (a). (d) STEM image and EDS mapping of (e) C, (f) Pt, (g) S, (h) Mo, and 

(i) F elements of Pt-MoSx/KB-III after 48h HER running at current density of 20 mA cm-2.



Fig. S12 (a) The LSV curve of Pt-MoSx/KB catalysts with different Pt particle sizes, 

comparative MoSx/KB-IX catalyst, and commercial 20% Pt/C catalyst in a three-electrode-

system; (b) The relationship curve of the η10, η50, and η100 versus the Pt particle sizes of the Pt-

MoSx/KBs; (c) The Tafel curve of Pt-MoSx/KB catalysts with different Pt particle sizes; (d) 

The Tafel slope of Pt-MoSx/KB catalysts versus the Pt particle size.



Fig. S13 Difference charge density diagram of three different sites in the Pt-MoSx/KB model 

(Red: positive charge density difference, Green: negative charge density difference).



Fig. S14 The PDOS in Site 1 of (a) naked MoSx/KB, (b) naked Pt-MoSx/KB, (c) H-adsorbed 

MoSx/KB and (d) H-adsorbed Pt-MoSx/KB models.



Table S3 Comparison of η at different current densities and Tafel slope of Pt-MoSx/KB-III, Pt-MoSx/KB-IX in this work and the state-of-the-art analogous 
catalysts reported in recent years. 

Material Synthesis method Pt (wt.%)
η10

(mV)
η50

(mV)
η100

(mV)
η150

(mV)
η200

(mV)
Tafel 
Slope

References

MoS2@C supertubes epitaxial-growth, annealing - 93 152 180 200 220 53 1

Ni17W3/WO3-x/MoO3-x Ar/H2 reducing method - 14 75 / / / 51 2

Ru/1T-MoS2 hydrothermal - 81 175 190 / / 54 3

CN@CNP-Pt a hydrothermal, followed by 
phosphitylation

1.37 22 45 75 100 120 49 4

Pt/CNTs-N+α-MoC1-x 
b CH4/H2 reducing method 2.4 17 48 78 / / 24 5

NGA-COF@Pt c hydrothermal 2.66 13 28 35 38 40 21.88 6

Pt-MoS2 sonochemical-assisted 3 220 310 / / / 57 7

Pt-P-Ni4Mo-Ti4O7/CC d hydrothermal, followed by 
annealing

3.44 24 120 133 145 152 76 8

Pt/TE-UTPNBs e multi-step chemical synthesis 3.71 28 55 / / / 31 9

Pt@Mo-S-Ni-CNTs f annealing 5 61.2 200 / / / 40.2 10

Pt-SAs/MoS2 
g site-specific electrodeposition 5.1 80 150 175 / / 50 11

Pt-Ni@Re/C NPCs h hydrothermal 7.3 49 80 130 200 250 29 12

Pt-MoSx electrodeposition 8.1 100 / / / / 48 13

PtRuP2 double-walled 
nanotubes

phosphorylation, followed by 
chemical etching

10 10 42 / / / 30.8 14

s-Pt/1T’-MoS2
electrochemical intercalation, 
exfoliation

10 19 60 90 110 125 118 15

Pt-MoS2 annealing 11 80 110 / / / 44 16



PtMo-NC i pyrolysis 14.2 47 70 / / / 32 17

Pt-a-MoS3 NDs j
surfactant-directed solution-
phase synthesis

85 11.5 17.0 / / / 31.5 18

Pt film calcination 100 4.2 20 27 50 75 23 19

Pt Nanomembrane polymer surface buckling-
enabled exfoliation

100 25 75 / / / 30 20

Commercial 20% Pt/C - 20 34 69 103 132 162 34 -

Pt-MoSx/KB-III
γ-ray radiation induced 
reduction

5.7 107 155 168 175 185 43 This work

Pt-MoSx/KB-IX
γ-ray radiation induced 
reduction

13.9 66 105 126 131 149 44 This work

a. CoNi@CoNiP heterostructures implanted with ultralow loading of platinum single atoms.

b. Mechanical mixing of carbon nanotubes supported platinum nanoparticle with α-MoC1-x.

c. Nitrogen-rich graphene analogue covalent organic frameworks supported platinum.

d. Pt and P-doped Ni4Mo catalysts coated on one-dimensional Ti4O7 nanorods on carbon cloth (CC).

e. TE – terpyridine, UTPNBs – ultrathin peptoid nanobelts.

f. CNTs – carbon nanotubes.

g. SAs – single atoms.

h. NPCs – nanoparticle clusters.

i. NC – Nanocrystals.

j. Highly dispersed amorphous MoS3 with Pt nano dendrites.



Fig. S15 The comparison of the η10 and the Tafel slope of the as-synthesized Pt-MoSx/KB-III, 

Pt-MoSx/KB-IX in this work and the state-of-the-art analogous catalysts reported in recent 

years.
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