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[bookmark: _Toc133426690][bookmark: _Toc133441895][bookmark: _Toc133483594]Supplementary Fig. 1 | Characterizations of KxMoS2 crystals. a, Scanning electron microscope (SEM) image, and b, Energy-dispersive X-ray spectroscopy (EDS) spectrum of the prepared KxMoS2 crystals. Inset in (b): the corresponding element percentages of the prepared KxMoS2 crystals. 
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[bookmark: _Toc133426691][bookmark: _Toc133441896][bookmark: _Toc133483595]Supplementary Fig. 2 | Characterizations of obtained 1T′-MoS2 nanosheets (NSs). a, Optical microscopy, and b, SEM images of the obtained 1T′-MoS2 NSs.
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[bookmark: _Hlk63114177][bookmark: _Hlk63114189][bookmark: _Toc133426692][bookmark: _Toc133441897][bookmark: _Toc133483596]Supplementary Fig. 3 | High-angle annular dark-field scanning transmission electron microscopy (HAADF-STEM) image analysis of 1T′-MoS2 NS. a, HAADF-STEM image of 1T′-MoS2 NS. b, The corresponding line scan intensity profile obtained from the white dotted line in (a).
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[bookmark: _Toc133426693][bookmark: _Toc133441898][bookmark: _Toc133483597][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK6]Supplementary Fig. 4 | Atomic structures of 1T′-MoS2 and 2H-MoS2. a,b Schematic illustrations of the atomic structures of 1T′-MoS2 (ref. 1) (a) and 2H-MoS2 (b). The red dashed lines in (a) show the zig-zag chain of Mo atoms in 1T′-MoS2 with a shortest Mo-Mo distance of 2.78 Å. The black dashed lines in (b) show the (100) planes of 2H-MoS2 with a theoretical interlayer spacing of 2.74 Å.
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[bookmark: _Toc133426694][bookmark: _Toc133441899][bookmark: _Toc133483598]Supplementary Fig. 5 | Transmission electron microscopy (TEM) analysis of 1T′-MoS2 NS. a, TEM image of a representative 1T′-MoS2 NS. b, The corresponding selected area electron diffraction (SAED) pattern obtained from the 1T′-MoS2 NS in (a).
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[bookmark: _Toc133426695][bookmark: _Toc133441900][bookmark: _Toc133483599]Supplementary Fig. 6 | STEM-EDS analysis of 1T′-MoS2 NS. a, STEM image, and b,c, the corresponding EDS mappings of a representative 1T′-MoS2 NS. d, EDS spectrum of the 1T′-MoS2 NSs, indicating no detectable potassium (Kα 3.31 eV), bromide (Lα 1.48 eV), and other residues in 1T′-MoS2 NSs. Inset in (d): the corresponding element percentages.
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[bookmark: _Toc133426696][bookmark: _Toc133441901][bookmark: _Toc133483600]Supplementary Fig. 7 | K 2p X-ray photoelectron spectroscopy (XPS) spectra of the KxMoS2 crystals and the obtained 1T′-MoS2 NSs.
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[bookmark: _Toc133426697][bookmark: _Toc133441902][bookmark: _Toc133483601]Supplementary Fig. 8 | Ultraviolet-visible (UV-Vis) absorption spectra of the exfoliated 1T′-MoS2 NSs and 2H-MoS2 NSs dispersed in N,N-dimethylformamide. Four featured peaks are clearly observed in the UV-Vis absorption spectrum of 2H-MoS2 NSs as indicated by the black dashed lines.
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[bookmark: _Toc133426698][bookmark: _Toc133441903][bookmark: _Toc133483602][bookmark: OLE_LINK37]Supplementary Fig. 9 | EDS mapping results of Pt nanoparticles (PtNPs)/2H-MoS2. a-d, STEM image (a) and the corresponding EDS mappings (b-d) of PtNPs/2H-MoS2.
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[bookmark: _Toc133426699][bookmark: _Toc133441904][bookmark: _Toc133483603]Supplementary Fig. 10 | HAADF-STEM analysis of single-atomically dispersed Pt (s-Pt)/1T′-MoS2. a, HAADF-STEM image of s-Pt/1T′-MoS2. b, The corresponding line scan intensity profile obtained from the white dotted rectangle in (a).

[image: 图片包含 背景图案

描述已自动生成]
[bookmark: _Toc133426700][bookmark: _Toc133441905][bookmark: _Toc133483604]Supplementary Fig. 11 | Atomic structural models of Pt substituting Mo site (Ptsub), Pt adsorbed on the top site of S (Ptads-S), and Pt adsorbed on the top site of Mo (Ptads-Mo) showing the bonding environment of Pt. a, Top view, and b, side view of Ptsub. The Ptsub is located in the 1T′-MoS2 lattice, substituting the Mo site, and coordinated with six surrounding S atoms. c, Top view, and d, side view of Ptads-S. The Ptads-S is located on the top site of S in 1T′-MoS2 and coordinated with two adjacent S atoms. e, Top view and f, side view of Ptads-Mo. The Ptads-Mo is located on the top site of Mo in 1T′-MoS2 and coordinated with three adjacent S atoms. The yellow, blue, and red balls represent the S, Mo, and Pt atom, respectively.
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[bookmark: _Toc133426701][bookmark: _Toc133441906][bookmark: _Toc133483605]Supplementary Fig. 12 | Fitting curves for the extended X-ray absorption fine structure (EXAFS) profiles of the Fourier transform at Pt L3-edge. a-d, Pt L3-edge EXAFS spectra and the corresponding fitting curves of s-Pt/1T′-MoS2 (a), PtNPs/2H-MoS2 (b), commercial PtS2 powder (c), and Pt foil (d). The fitting results are summarized in Supplementary Table 2.
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[bookmark: _Toc133426702][bookmark: _Toc133441907][bookmark: _Toc133483606]Supplementary Fig. 13 | Pt L3-edge X-ray absorption near-edge spectroscopy (XANES) spectra and structural model of s-Pt/1T′-MoS2. a, Pt L3-edge XANES spectrum of s-Pt/1T′-MoS2 and the simulated spectrum using b, the simulated density functional theory (DFT) model with the coexistence of Ptsub, Ptads-S, and Ptads-Mo on 1T′-MoS2 (denoted as Ptsub+Ptads-S+Ptads-Mo). The yellow, blue, and red balls in (b) represent the S, Mo, and Pt atoms, respectively. 

The Pt L3-edge XANES spectrum of s-Pt/1T′-MoS2 (Fig. 3a and Supplementary Fig. 13a) shows that the Pt is single-atomically dispersed on 1T′-MoS2 NSs. The HAADF-STEM analysis and the DFT calculation results (Fig. 2c-f and Supplementary Fig. 11) indicate that the s-Pt/1T′-MoS2 contains three kinds of Pt atomic structures, i.e., Ptsub, Ptads-S, and Ptads-Mo. After a systematic screening, a DFT model containing Ptsub, Ptads-S, and Ptads-Mo was established, which is denoted as Ptsub+Ptads-S+Ptads-Mo (Supplementary Fig. 13b). The simulated Pt L3-edge XANES spectrum based on this model matches well with the experimental curve of s-Pt/1T′-MoS2 (Supplementary Fig. 13a). This result reveals the coexistence of Ptsub, Ptads-S, and Ptads-Mo in the prepared s-Pt/1T′-MoS2, which is consistent with the HAADF-STEM analysis (Fig. 2c-f).
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[bookmark: _Toc133426703][bookmark: _Toc133441908][bookmark: _Toc133483607]Supplementary Fig. 14 | Raman characterization of as-prepared samples. a, Raman spectra of 2H-MoS2 NSs and PtNPs/2H-MoS2. b, Raman spectra of 1T′-MoS2 NSs and s-Pt/1T′-MoS2.

As shown in Supplementary Fig. 14a, the phase of 2H-MoS2 maintained after the growth of Pt on 2H-MoS2 to form the PtNPs/2H-MoS2, although the Raman peaks of PtNPs/2H-MoS2 slightly shifted to higher wavenumbers compared to the 2H-MoS2 NSs, which could be ascribed to the interaction between the 2H-MoS2 and PtNPs (ref.2,3). Similarly, all the Raman peaks of s-Pt/1T′-MoS2 also shift to higher wavenumbers compared to the 1T′-MoS2 NSs (Supplementary Fig. 14b). Importantly, the characteristic  peak of 2H-MoS2 located at 382.8 cm-1 cannot be observed, indicating that no 1T′-to-2H phase transition occurred after the growth of Pt on 1T′-MoS2.



[image: 图片包含 室内, 桌子, 不同, 柜台

描述已自动生成]
[bookmark: _Toc133426704][bookmark: _Toc133441909][bookmark: _Toc133483608]Supplementary Fig. 15 | Photograph of the floating electrode setup. Abbreviations: WE, working electrode; RE, reference electrode; CE, counter electrode.
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[bookmark: _Toc133426705][bookmark: _Toc133441910][bookmark: _Toc133483609]Supplementary Fig. 16 | Measurements of electrocatalytic hydrogen evolution reaction (HER) on the second batch of floating electrodes. a, HER polarization curves for s-Pt/1T′-MoS2 (Electrode 3, denoted as E3) and HiSPEC 9100 Pt/C (Electrode 4, denoted as E4), showing the geometric current densities (jgeometric). b, HER polarization curves for s-Pt/1T′-MoS2 and HiSPEC 9100 Pt/C, showing the mass-normalized current densities (jmass,Pt).
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[bookmark: _Toc133426706][bookmark: _Toc133441911][bookmark: _Toc133483610]Supplementary Fig. 17 | Measurements of electrocatalytic HER on the third batch of floating electrodes. a, HER polarization curves for s-Pt/1T′-MoS2 (Electrode 5, denoted as E5) and HiSPEC 9100 Pt/C (Electrode 6, denoted as E6), showing the jgeometric. b, HER polarization curves for s-Pt/1T′-MoS2 and HiSPEC 9100 Pt/C, showing the jmass,Pt.
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[bookmark: _Toc133426707][bookmark: _Toc133441912][bookmark: _Toc133483611]Supplementary Fig. 18 | Durability test of s-Pt/1T′-MoS2. The polarization curves were recorded before and after 10,000 cyclic voltammetry cycles. 
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[bookmark: _Toc133426708][bookmark: _Toc133441913][bookmark: _Toc133483612]Supplementary Fig. 19 | Pt 4f spectra of s-Pt/1T′-MoS2 before and after the durability test. The empty dots and curves show the experimental XPS data and the corresponding deconvoluted spectra, respectively.

The Pt 4f XPS data in Supplementary Fig. 19 shows a negligible difference after the durability test. No Pt0 peak can be assigned which indicates that the Pt species are not in the metallic state. 
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[bookmark: _Toc133426709][bookmark: _Toc133441914][bookmark: _Toc133483613][bookmark: _Hlk104906969]Supplementary Fig. 20 | XPS spectra of s-Pt/1T′-MoS2 before and after the durability test. a, Mo 3d spectra, b, S 2p spectra, and c, O 1s spectra of s-Pt/1T′-MoS2 before and after the durability test. The empty dots and curves show the experimental XPS data and the corresponding deconvoluted spectra, respectively. 

The Mo 3d, S 2p XPS spectra in Supplementary Fig. 20a,b show no shift after the durability test, indicating the structure of the 1T′-MoS2 still maintained. A small peak in Mo 3d, located at ~233 cm-1, (pointed out by the black arrow in Supplementary Fig. 20a), can be attributed to the remained electrolyte (0.5 M H2SO4)4. In addition, the broad S 2p peak located at ~169 cm-1 in Supplementary Fig. 20b and the O 1s peak in Supplementary Fig. 20c can also be assigned to the remained electrolyte (0.5 M H2SO4)5.
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[bookmark: _Toc133426710][bookmark: _Toc133441915][bookmark: _Toc133483614]Supplementary Fig. 21 | Raman spectrum of s-Pt/1T′-MoS2 before (solid curve) and after (dashed curve) the durability test.

The Raman spectrum of the s-Pt/1T′-MoS2 after the durability test (Supplementary Fig. 21) shows the same five characteristic peaks as compared with the original s-Pt/1T′-MoS2, and no 2H peak can be detected. It confirms that no phase transition of 1T′-MoS2 NSs occurred in the s-Pt/1T′-MoS2 after the durability test. 
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[bookmark: _Toc133426711][bookmark: _Toc133441916][bookmark: _Toc133483615]Supplementary Fig. 22 | Structural characterization of s-Pt/1T′-MoS2 after the durability test. a, TEM and b, High-resolution TEM (HRTEM) images. Inset in (b): the corresponding fast Fourier transform (FFT) pattern of s-Pt/1T′-MoS2. c, STEM image and the corresponding EDS mappings of s-Pt/1T′-MoS2.

The s-Pt/1T′-MoS2 after the durability test was characterized by TEM and EDS mapping. Obviously, no PtNPs are observed in the TEM and HRTEM images (Supplementary Fig. 22a,b). The FFT pattern (inset in Supplementary Fig. 22b) shows the featured pattern of 1T′-MoS2, in which no diffraction spot can be assigned to the PtNP. In addition, the EDS mappings (Supplementary Fig. 22c) show the dispersion of Pt, Mo, and S elements.
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[bookmark: _Toc133426712][bookmark: _Toc133441917][bookmark: _Toc133483616]Supplementary Fig. 23 | Characterizations of the activity and stability of s-Pt/1T′-MoS2 during HER in an H-type cell. a, Polarization curves of s-Pt/1T′-MoS2 and commercial HiSPEC 9100 Pt/C loaded on carbon fiber paper and tested in an H-type cell. b, The polarization curves of s-Pt/1T′-MoS2 recorded initially and after the 240-h test at a current density of 1,500 mA cm-2. c, Chronopotentiometry curve of the s-Pt/1T′-MoS2 catalyst used as cathode, tested in H-type cell at a current density of 1,500 mA cm-2. All the HER measurements in H-type cell were conducted in 0.5 M H2SO4 aqueous solution. All the current densities were normalized by the geometric area of the electrode. The scan rate is 5 mV s-1. Note: The Pt loadings for s-Pt/1T′-MoS2 and HiSPEC 9100 Pt/C were kept at 0.0175 mg cm-2.
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[bookmark: _Toc133426713][bookmark: _Toc133441918][bookmark: _Toc133483617]Supplementary Fig. 24 | Photograph of the prototype PEM electrolyser. 
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[bookmark: _Toc133426714][bookmark: _Toc133441919][bookmark: _Toc133483618]Supplementary Fig. 25 | Characterizations of the activity and stability of s-Pt/1T′-MoS2 during water splitting in a proton exchange membrane (PEM) electrolyser. a,b, Polarization curves with iR-correction (a) and without iR-correction (b) of the PEM electrolyser using s-Pt/1T′-MoS2 and commercial HiSPEC 9100 Pt/C catalyst as cathode material. c, Chronopotentiometry curve of the PEM electrolyser using s-Pt/1T′-MoS2 catalyst as cathode material at a current density of 100 mA cm-2. Note: The Pt loadings for s-Pt/1T′-MoS2 and HiSPEC 9100 Pt/C were kept at 0.04 mg cm-2.



[bookmark: OLE_LINK18][bookmark: _Toc133426715][bookmark: _Toc133441920][bookmark: _Toc133483619]Supplementary Table 1 | Inductively coupled plasma-optical emission spectrometry (ICP-OES) results and the corresponding Pt mass loadings in the as-synthesized samples.
	Sample
	Mo concentration (ppm)
	Pt concentration (ppm)
	Pt wt%

	PtNPs/2H-MoS2
	6.760
	1.190
	~9.6

	s-Pt/1T′-MoS2
	[bookmark: OLE_LINK57][bookmark: OLE_LINK58]7.757
	1.434
	~10.0

	s-Pt-4/1T′-MoS2
	12.360
	0.925
	~4.3

	s-Pt-6/1T′-MoS2
	9.647
	1.106
	~6.4

	PtNPs-12/1T′-MoS2
	2.480
	0.574
	~12.2

	PtNPs-15/1T′-MoS2
	2.327
	0.714
	~15.5




The obtained samples were first washed three times by Milli-Q water, and then re-dispersed in Milli-Q water. 10 μl of the obtained dispersion of samples were dissolved in 1 ml of aqua regia. The obtained solution was diluted to 10 ml with Milli-Q water, which was then used for the ICP-OES analysis to determine the Mo and Pt concentrations. The Pt mass loadings in the as-synthesized samples were calculated based on the ICP-OES results.


[bookmark: _Toc133426716][bookmark: _Toc133441921][bookmark: _Toc133483620]Supplementary Table 2 | The fitting parameters of Pt L3-edge EXAFS curves showing the structure parameters around Pt in the s-Pt/1T′-MoS2, commercial PtS2 powder, PtNPs/2H-MoS2, and Pt foil.
	Material
	Path
	CN
	σ2 (Å2)
	R (Å)
	R factor*

	s-Pt/1T′-MoS2
	Pt-S
	4.2(±0.8)
	0.0079(±0.0025)
	2.30(±0.01)
	0.014

	PtS2
	Pt-S
	4.2(±0.3)
	0.0033(±0.0007)
	2.36(±0.01)
	0.006

	[bookmark: _Hlk59567281]PtNPs/2H-MoS2
	Pt-Pt
	8.9(±1.2)
	0.0070(±0.0008)
	2.75(±0.01)
	0.006

	Pt foil
	Pt-Pt
	12
	0.0044(±0.0002)
	2.76(±0.01)
	0.005


Abbreviations: CN, coordination number; σ2, the Debye-Waller factor; R, average bond length. *R factor indicates the percentage misfit between the data and theory.



[bookmark: _Toc133426717][bookmark: _Toc133441922][bookmark: _Toc133483621]Supplementary Table 3 | The mass loadings of Pt on different floating electrodes tested by inductively coupled plasma mass spectrometry (ICP-MS).
	
	Samples
	Loading (ng cm-2)

	Batch 1
	s-Pt/1T′-MoS2 (Electrode 1, denoted as E1)
	398

	
	HiSPEC 9100 Pt/C (Electrode 2, denoted as E2)
	286

	Batch 2
	s-Pt/1T′-MoS2 (Electrode 3, denoted as E3)
	583

	
	HiSPEC 9100 Pt/C (Electrode 4, denoted as E4)
	570

	Batch 3
	s-Pt/1T′-MoS2 (Electrode 5, denoted as E5)
	618

	
	HiSPEC 9100 Pt/C (Electrode 6, denoted as E6)
	833

	Average
	s-Pt/1T′-MoS2
	533±118*

	
	HiSPEC 9100 Pt/C
	563±273*


*The errors of Pt loadings are the standard deviations obtained from the separate ICP-MS tests on three batches of floating electrodes, i.e., E1, E3, E5 for s-Pt/1T′-MoS2 and E2, E4, E6 for HiSPEC 9100 Pt/C.
[bookmark: OLE_LINK10]

[bookmark: _Toc133426718][bookmark: _Toc133441923][bookmark: _Toc133483622]Supplementary Table 4 | Comparison of HER activities of s-Pt/1T′-MoS2 and HiSPEC 9100 Pt/C with some representative reported Pt-based catalysts tested in acidic media. 
	Catalysts
	Pt loading
(μg cm-2)
	Pt weight percentage (wt%)
	Overpotential (mV)@10 mA cm-2
	Mass activity
(A mg-1)
	Tafel slope
(mV dec-1)
	References

	s-Pt/1T′-MoS2
	0.533±0.118
	10.0
	-19±5*
	11±5@-10 mV*
22±9@-20 mV*
39±12@-30mV*
57±17@-40 mV* 85±23@-50 mV*
150±29@-70 mV*
	118
	This work

	HiSPEC 9100 Pt/C
	0.563±0.273
	60.0
	-24±3*
	8±4@-10 mV*
19±8@-20 mV*
32±10@-30 mV*
50±12@-40 mV*
70±17@-50 mV*
121±26@-70 mV*
	118
	This work

	Pt/C
	3.7
	47.8 wt%
	N/A
	142@-70 mV†
	N/A
	6

	PtRu/C
	8.2
	54 wt% Pt:Ru 1:1.5
	N/A
	75.2@-70 mV†
	N/A
	6

	PtNi/C
	10.1
	40 wt% Pt:Ni 3:1
	N/A
	43.1@-70 mV†
	N/A
	6

	ALD50Pt/N-doped graphene
	76
	2.1
	-50 mV to reach 16 mA cm-2
	10.1@-50 mV
	31
	7

	1Pt/VS2/carbon paper
	3.25
	0.65
	-77
	22.88@-200 mV
	39.46
	8

	Pt-single atoms/WS2
	0.45
	4.1
	-32
	130.2@-100 mV
	28
	9

	Pt-single atoms/MoS2
	0.45
	5.1
	-59
	17.14@-50 mV
	31
	10

	Pt-doped 1T-MoS2
	N/A
	3
	-140
	N/A
	57
	11

	K2PtCl4/N-doped carbon
	5.5
	1.92
	-11
	5.5@-20 mV
	21
	12

	Pt-single atoms/N-carbon framework
	6.25
	2.5
	-19
	N/A
	14.2
	13

	Pt-single atoms decorated Co0.85Se
	20.4
	1.03
	-55
	1.32@-100 mV
	37
	14

	Pt-single atoms/curved carbon
	1.68
	0.33
	-38
	7.4@-30 mV
	35
	15

	Pt-single atoms/MoS2
	18
	1.7
	-150
	N/A
	96
	16

	Pt1O1/Ti1-xO2
	3.81
	1.27
	-20.6
	23.92@-50 mV
	31
	17

	Pt-single atoms/MoO2
	6.16
	1.1
	-9.3
	69.5@-300 mV
	28.78
	18

	Pt/TiO2-OVs
	0.12
	0.77
	-60
	62.34@-50 mV
	34
	19

	Pt/TiO2-X
	0.072
	1.69
	-95
	39.1@-50 mV
	34.3
	20

	1.2%PtCo/N-doped graphite porous carbon
	1.3
	1.2
	-14
	13.83@-20 mV
	21.2
	21

	Pt/tungsten oxide/ reduced graphene oxide aerogel
	0.81
	0.8
	-40
	28.70@-50 mV
	30
	22

	Mo2TiC2Tx-PtSA
	12
	1.2
	-30
	8.3@-77 mV
	30
	23

	400-single-walled carbon nanotube/Pt
	0.57
	0.75 at%
	-27
	N/A
	38
	24

	Pt-single atoms/graphene
	7.07
	0.44
	-12
	22.4@-50 mV
	29.3
	25

	Pt-graphitic tubes-FeCo/Cu
	1.4
	0.5
	-18
	N/A
	24
	26

	PtNPs/MoS2
	27
	36
	-80
	N/A
	40
	27

	Pt/TiS2
	N/A
	N/A
	-70
	N/A
	40.6
	28

	Pt clusters/carbon spheres
	7.6
	5.08
	-20
	N/A
	28.3
	29


Abbreviation: N/A, not available in the listed reference. 
*The errors of overpotentials and mass activities are the standard deviations obtained from separate HER measurements on three batches of floating electrodes, i.e., E1, E3, E5 for s-Pt/1T′-MoS2 and E2, E4, E6 for HiSPEC 9100 Pt/C.
†Mass activities of these samples are obtained by using floating electrode techniques. 


[bookmark: OLE_LINK21][bookmark: _Toc133426719][bookmark: _Toc133441924][bookmark: _Toc133483623]Supplementary Table 5 | Comparison of exchange current densities of s-Pt/1T′-MoS2 and HiSPEC 9100 Pt/C with some representative Pt-based catalysts in acidic HER. 
	Catalysts
	Condition
	Pt loading
(ugPt cm-2)
	j0,spec
(mA )
	j0,mass
(A )
	References

	s-Pt/MoS2
	Floating electrode, 1M HClO4, 25 oC
	0.533±0.118
	N/A
	127
	This work

	HiSPEC 9100 Pt/C
	Floating electrode, 1M HClO4, 25 oC
	0.563±0.273
	147
	131
	

	3.8 nm Pt nanoparticles
	RDE (1600 r.p.m.), H2-saturated 0.5 M H2SO4
	0.013
	140
	77*
	30

	Pt/C
	H2 pump, 313 K
	3
	216±50
	237.6±55*
	31

	Pt/C
	Floating electrode, 1 M HClO4, 25 oC, Fit 1
	0.84
	86
	76.54*
	32

	Pt/C
	Floating electrode, 1 M HClO4, 25 oC, Fit 2
	0.84
	101
	89.89*
	

	Pt/C
	H2 pump, 313 K, Butler-Volmer fit
	2
	120±10
	132±11*
	33

	
	H2 pump, 313 K, Micropolarization fit
	2
	135±40
	148±44*
	

	Pt/C
	H2 pump, 80 oC
	N/A
	235-300
	211.5-276*
	34

	Pt/C
	H2 pump, 30 oC
	N/A
	100
	92*
	

	Pt/C
	Single particle microelectrode, 0.1 M H2SO4, 23 oC
	N/A
	24
	N/A
	35

	0.25 ML Pt/TiWC
	Gas diffusion electrodes,
1.0 M HClO4, 30 oC
	0.63
	N/A
	30.2±0.8
	36

	Pt/C
	
	51
	N/A
	2.3±0.1
	

	Pt-Ru/CNT
	GCE, N2-saturated 0.5 m H2SO4, RT
	N/A
	2.43
	2.28*
	37

	Pt NP/N-graphene
	GCE, N2-saturated 0.5 m H2SO4, RT
	5.65
	0.989
	0.90*
	38

	Pt-MoS2
	GCE, N2-saturated 0.5 m H2SO4, RT
	13
	0.373
	0.276*
	39

	Pt/C
	RDE, N2-saturated 0.5 m H2SO4, RT
	88.7
	0.27
	0.19*
	40

	Pt/C
	RDE, 0.5 M H2SO4, 25 oC
	1
	1
	N/A
	41

	PtRu20
	
	1
	1.14
	N/A
	

	Pt/C
	RDE, 0.1 M HClO4, 25 oC
	0.032
	27.2±3.5
	N/A
	42

	Pt1O1/Ti1-xO2
	GCE, 0.5 M H2SO4, RT
	3.81
	1.74
	N/A
	17

	Pt/C
	
	N/A
	0.63
	N/A
	

	Pt-single atoms/MoO2
	GCE, 0.5 M H2SO4, RT
	6.16
	4.75
	N/A
	18

	Pt/C
	
	112
	2.95
	N/A
	

	Pt/TiO2-OVs
	0.5M H2SO4 (H2 saturated electrode), 25 oC
	0.12
	0.45
	N/A
	19

	Pt/C
	
	3.1
	0.56
	N/A
	

	Mo2TiC2Tx-PtSA
	Carbon paper electrode, 0.5M Ar-saturated H2SO4, RT
	12
	1.54
	N/A
	23

	Pt/C
	
	400
	1.4
	N/A
	

	400-single-walled carbon nanotube/Pt
	GCE, 0.5 M H2SO4 saturated with N2
	0.114
	1.94
	N/A
	24

	Pt/C
	
	38
	1.22
	N/A
	


Abbreviations: RT, room temperature. j0,spec, electrochemically active surface area (ECSA)-normalized exchange current density. j0,mass, mass-normalized exchange current density. RDE, rotating disk electrode. GCE, glassy carbon electrode; N/A, not available in the listed reference.
*The j0,mass value was calculated from j0,spec by using the ECSA value in the listed reference. 



[bookmark: _Toc133426720][bookmark: _Toc133441925][bookmark: _Toc133483624][bookmark: _Hlk80380947]Supplementary Table 6 | Comparison of high-current-density HER performance of s-Pt/1T′-MoS2 and HiSPEC 9100 Pt/C with the previously reported catalysts in acid media.
	Catalysts
	Total mass loading
(mg cm-2)
	Overpotential (η, mV)
at different current density
	Stability test
	References

	
	
	η@1,000 mA cm-2
	η@1,500 mA cm-2
	η@2,000 mA cm-2
	
	

	s-Pt/1T′-MoS2
	0.175
	-91
	-112
	-131
	240 h@1,500 mA cm-2
	This work

	HiSPEC 9100 Pt/C
	0.175
	-227
	-325
	-419
	N/A
	This work

	CH4/H2 treated Mo2S/Mo2C
	10
	-412
	N/A
	N/A
	24 h@500 mA cm-2
	43

	20 wt% Pt/C
	2
	-500
	N/A
	N/A
	N/A
	

	α-MoB2
	N/A
	-334
	N/A
	N/A
	 60 h@1,500 mA cm-2
	44

	20 wt% Pt/C
	0.2
	-898
	N/A
	N/A
	N/A
	

	Rh/Si nanowire
	0.193
	-950
	N/A
	N/A
	~138 h@-0.1 V (~25 mA cm-2)
	45

	40 wt% Pt/C
	0.193
	-1,120
	N/A
	N/A
	N/A
	

	MoS2/Mo2C
	0.3
	-227
	N/A
	N/A
	24 h@200 mA cm-2
	46

	Pt foil
	N/A
	N/A
	N/A
	N/A
	N/A
	

	20 wt% Pt/C/Nafion
	0.2
	N/A
	N/A
	N/A
	N/A
	

	N and P codoped MoS2/carbon cloth
	1.2
	N/A
	N/A
	N/A
	 20 h@1,000 mA cm-2
	47

	Co(10.4)/Se-MoS2-nanofoam
	0.5
	-382
	N/A
	N/A
	360 h@1,000 mA cm-2
	48

	40 wt% Pt/C
	0.5
	-671
	N/A
	N/A
	N/A
	

	2H Nb1+xS2
	N/A
	-370
	N/A
	N/A
	120 h (Current density not available)
	49

	Pt
	N/A
	N/A
	N/A
	N/A
	N/A
	


Abbreviation: N/A, not available in the listed reference. 


[bookmark: _Toc133426721][bookmark: _Toc133441926][bookmark: _Toc133483625]Supplementary Table 7 | Summary of two-dimensional (2D) electrocatalysts used as cathode materials in PEM electrolyser.
	2D electrocatalyst
	PEM setup
	Performance
	Test condition
	References

	
	Cathode
	Anode
	
	
	

	s-Pt/1T′-MoS2
	s-Pt/1T′-MoS2 dropped on carbon cloth (0.025 mgpt cm-2)
	IrO2 (Dioxide Materials, USA)
	1.61 V@100 mA cm-2,
1.82 V@1,000 mA cm-2,
500 h stability@100 mA cm-2
	RT, 1 M H2SO4 on the anode, 8 ml min-1
	This work

	1T-2H MoS2 nanosheet
	1T-2H MoS2/CP (0.14 mg cm-2)
	IrRuOx
	1.96 V@1,000 mA cm-2
	80 oC
	50

	Transition metal-doped (Fe, Co, Ni, Cu) single-layer MoS2
	Fe, Co, Ni, Cu-MoS2 (single layer) on CP (4.5±0.25 mg cm-2), hot-pressed
	IrO2
	2.4 V@1,000 mA cm-2
	80 oC, 20 ml min-1
	51

	FeMoS(mw)
	FeMoS(mw) on CP (2 mg cm-2), hot-pressed
	A Pt-coated titanium mesh (FuelCellStore, USA)
	1.77 V@500 mA·cm-2 and 1.85 V@1,000 mA cm-2
	80 °C
	52

	Greigite Fe3S4
	Greigite Fe3S4 on CP (~3.52 mg cm-2), hot-pressed
	IrO2
	2.13 V@1,000 mA cm-2
	80 °C, 3.33 mL min-1
	53


Abbreviations: RT, room temperature. CP, carbon paper. 
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