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S1 Supplementary Calculation Notes
Note S1.1 Calculation of Mass Activity for HER (𝜂@100 mV)
PtSA-0.1/MoS2:

PtSA-0.14/MoS2:

PtSA-0.18/MoS2:

PtSA-0.24/MoS2:

PtSA-0.3/MoS2:

20% Pt/C:

Note S1.2 Calculation of TOFs for HER
PtSA-0.1/MoS2:



PtSA-0.14/MoS2:



PtSA-0.18/MoS2:



PtSA-0.24/MoS2:



PtSA-0.3/MoS2:



S2 Supplementary DFT Notes
All density functional theory (DFT) calculations were performed using the VASP 5.4.4 package (1-3). The core-valence interaction was described by the projector augmented wave (PAW) (4) method with an energy cutoff of 500 eV. The exchange and correlation energies were calculated using the RPBE functional (5) with the generalized gradient approximation (GGA) (6). The k-point mesh was sampled using a 3×3×1 Monkhorst-Pack grid, while a (3×4) MoS2 monolayer structure was adopted for the surface simulation, with a slab length of 20 Å. This MoS2 (3×4) slab consisted of 12 Mo atoms and 24 S atoms, with the Mo atoms and bottom S atoms frozen during geometry optimization. The criteria for geometry optimization and self-consistent field convergence were set to 0.05 eV/Å and 10-6 eV, respectively. Zero-point energies and entropy contributions at room temperature (298.15 K) were calculated from vibrational degrees of freedom with the substrate fixed. All structure optimizations and energy calculations were carried out under vacuum conditions. The potential of zero charge (PZC) was the only property calculated in a solvation environment using the implicit solvation model VASPsol (7, 8). These calculations employed a symmetric slab model applied and a slab length of 50 Å. Atomic charges were computed using the atom-in-molecule (AIM) scheme proposed by Bader (9, 10). VASPkit (11) was used for pre-processing and post-processing of data. The Crystal orbital Hamilton population (COHP) (12, 13) and Crystal orbital Bond Index (COBI) (14) analysis were performed using the LOBSTER 3.1.0 package (15).
The  was adopted to theoretically evaluate the catalytic performance for HER, which was calculated by the following equation:
				    (S-1)
where,  is the hydrogen adsorption energy computed by the equation , where  and  are the total energies of the model with and without hydrogen adsorbed on the binding site *, respectively; and  is the total energy of the single hydrogen molecule.  is the correction of the zero-point energy,  represents the difference between in entropies between the adsorbed state and the corresponding freestanding state and  is the absolute temperature (298.15 K in this study).
Note S2.1 Additional Information on Adsorption of Hydrogen Atom
Figure S31 illustrates the specific adsorption sites of H atoms on isolated Pt. Table S7 lists the detailed adsorption energy data for H atoms at different adsorption sites. Figure S32 provides a further insight in the cases where more than three H atoms adsorbed on Ptiso. When one Pt atom adsorbed with four H atoms, two of them were positioned at the distance of just 0.84 Å, indicating the presence of the physically adsorbed H2 molecule. It is worth noting that the adsorption energy of the structure with four adsorbed H atoms was reduced lower (0.0185 eV) when compared to the structure with two adsorbed H atoms. This suggests that the energy barrier for H2 desorption is extremely low. Consequently, we disregarded the adsorption of four or more H atoms on Ptiso in this context. Figure S33 and Table S8 reveal the adsorption behavior of H on Ptiso, considering the presence or absence of surrounding Pt atoms in Structure IV or Structure I. The results indicate that the adsorption of H on Ptiso still largely unaffected by the immediate environment. Table S9 presents data on the vibrational energy and entropy of the H adsorbed on Ptiso in both Structure I and IV, revealing that the environment surrounding the Pt atom has minimal influence. 
Figure S34 depicts the adsorption sites of H on Ptadj, while Tables S10-S11 provide calculation results for adsorption energy, along with corresponding vibrational energy and entropy. As shown in Figure S35, there exist two distinct configurations when three H atoms are adsorbed on Ptadj. One of these configurations can trigger the Tafel reaction, while the other cannot. The energy difference between these configurations is small, allowing for the mutual conversion. Figure S36 shows the influence of varying environments on H adsorption energy on Ptadj. Specifically in Structure IV, there is a Ptiso site situated near the Ptadj. The Structure 3H@IV is referred to the case where three H atoms already adsorb on the Ptiso within Structure IV. Data presented in Table S12 highlights certain difference in H adsorption energy between Structure II and IV, while the results for Structure II and 3H@IV are remarkable resemblance. Given that Ptiso exhibits affinity for H adsorption compared to the top H on Ptadj, we believe that whenever top-H adsorption occurs on Ptadj, the Ptiso is already in a state of saturated H adsorption. Therefore, the Structure 3H@IV is more aligned with physical pictures. The resemblance in H adsorption energy findings on Ptadj between Structure II and 3H@IV further suggests that the adsorption environment exerts a limited influence on H adsorption energy on Ptadj. 
Figures S37-S39 and Table S13 display the adsorption patterns of H on Ptiso and Ptadj based on a series of substrate materials. The representation of adsorption sites in these systems follows the method which is employed for MoS2. Our calculations reveal that the adsorption energy of top-H on Ptadj keep low data on various substrate materials, indicating excellent HER reaction activity, which agrees well with the experimental results.
Note S2.2 Additional Description of the Pt-H-Pt Three-Center Bonding.
Figure 4c displays the projected wave function derived from the PROCAR file computed by using VASP and visualized with VASPMO. This image depicts the orbitals of Pt and H atoms at an energy level of -7.35 eV relative to the Fermi energy. All pertinent calculations were anchored to the coordinate system displayed in Figure 4c, where the y-axis was aligned with Pt–H–Pt direction. Notably, the image incorporates the non-bonding 5dx2-y2 component, thereby influencing the shape of the visualized projected wave function. The “Pt–H–Pt” three-center bond had a ICOBI of 0.1053, which was comparable to that in Te–Ge–Te three-center bond (1). Figure S40 illustrates the main orbital components of the Pt-H-Pt three-center bond. Detailed analysis demonstrates that 6py-1s-6s (ICOBI=0.0721) constitutes the primary component of the three-center bond, while 6s-1s-6s (ICOBI=0.0266) also contributes to its formation. It is worth noting that although 5dyz-1s-6s (ICOBI=0.0251) of Pt 5dyz orbital makes a positive contribution to the three-center bond, 5dyz-1s-5dyz (ICOBI=-0.0388) offsets this contribution, indicating that the 5dyz orbital is unfavorable for the formation of the three-center bond. Then, we can get the conclusion that the three-center bond is formed by the H 1s orbital and two hybrid orbitals consist of Pt 6s and 6py orbitals. 
Supplementary Figures
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Fig. S1 (a) Low-magnified TEM image and (b) HR-TEM image of chemically exfoliated MoS2 (ce-MoS2). (c) Low-magnified TEM image of bulk MoS2. (d) AFM image of ultrathin MoS2 nanosheets and corresponding (e) height profiles of the regions of interest indicated in the AFM image. (f) Raman spectrum of the MoS2 sample


[image: ]
Fig. S2 (a) A 3D scheme of the electrochemical apparatus (the synthetic procedure was described in the method section). (b) CVs of the chemical exfoliated MoS2 in an Ar-saturated 0.1 M H2SO4 solution containing 2 mM CuSO4 (black line) or 0.1 M H2SO4 solution (red line) at a scan rate of 20 mV s−1. Peak a is attributed to Cu UPD, whereas peak b corresponds to the bulk deposition of Cu. (c) Corresponding chronoamperometry curves of CuSA-X/MoS2. (d) Potential-response curve of Cu adatoms within Pt precursor at the open-circuit potential
[image: ]
Fig. S3 (a) HAADF-STEM image of CuSA-0.1/MoS2, with red circles highlighting the single atoms of Cu distributed in the MoS2. (b) EDS mapping images, (c) EDS spectrum and (d) Cu 2p XPS spectrum of CuSA-0.1/MoS2 catalyst
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Fig. S4 (a) Low-magnified TEM and (b) HR-TEM images of PtSA-MoS2. (c) HAADF-STEM image of PtSA-MoS2. (d) Amplified image of the region enclosed by the green circle of (c) and schematic structure of the unit cells of the 1T-phase MoS2. (e) Amplified image of the region enclosed by the yellow rectangle in (c) and schematic structure of the unit cells of the 2H-phase MoS2. (f) Raman spectrum of the ce-MoS2 sample and PtSA-MoS2 sample
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Fig. S5 (a) HAADF-STEM image and (b) corresponding linear intensity distributions along lines of PtSA-0.1/MoS2
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Fig. S6 (a) HAADF-STEM image and (b) corresponding linear intensity distributions along lines of PtSA-0.14/MoS2 
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Fig. S7 (a) HAADF-STEM image and (b) corresponding linear intensity distributions along lines of PtSA-0.18/MoS2
[image: ]
Fig. S8 (a) HAADF-STEM image and (b) corresponding linear intensity distributions along lines of PtSA-0.24/MoS2
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Fig. S9 (a) HAADF-STEM image and (b) corresponding linear intensity distributions along lines of PtSA-0.3/MoS2
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Fig. S10 HAADF-STEM images of (a) PtSA-0.1/MoS2, (b) PtSA-0.18/MoS2 and (c) PtSA-0.3/MoS2. Inset, Ptiso sites and Ptadj sites are respectively represented in green circle and yellow rectangle
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Fig. S11 (a) Mo 3d and (b) S 2p XPS spectra of PtSA-0.1/MoS2 and ce-MoS2. (c) Pt 4f XPS spectra of PtSA-0.1/MoS2 and commercial Pt/C
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Fig. S12 (a) Cu 2p, (b) Mo 3d and (c) S 2p XPS spectra of PtSA-X/MoS2
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Fig. S13 (a) Fitting of the magnitude of the Fourier transform of the k3-weighted EXAFS (data-blue and fit-red) for PtSA-0.1/MoS2 and (b) corresponding EXAFS fitting curve at k space
[image: ]
Fig. S14 (a) Fitting of the magnitude of the Fourier transform of the k3-weighted EXAFS (data-blue and fit-red) for PtSA-0.14/MoS2 and (b) corresponding EXAFS fitting curve at k space
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Fig. S15 (a) Fitting of the magnitude of the Fourier transform of the k3-weighted EXAFS (data-blue and fit-red) for PtSA-0.18/MoS2 and (b) corresponding EXAFS fitting curve at k space
[image: ]
Fig. S16 (a) Fitting of the magnitude of the Fourier transform of the k3-weighted EXAFS (data-blue and fit-red) for PtSA-0.24/MoS2 and (b) corresponding EXAFS fitting curve at k space
[image: ]
Fig. S17 (a) Fitting of the magnitude of the Fourier transform of the k3-weighted EXAFS (data-blue and fit-red) for PtSA-0.30/MoS2 and (b) corresponding EXAFS fitting curve at k space
[image: ]
Fig. S18 (a) Fitting of the magnitude of the Fourier transform of the k3-weighted EXAFS (data-blue and fit-red) for PtSA-X/MoS2 and Pt foil and (b) corresponding EXAFS fitting curves of samples and standard at k space
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Fig. S19 Current-time curve of (a) PtSA-0.1/MoS2, (b) PtSA-0.14/MoS2, (c) PtSA-0.18/MoS2, (d) PtSA-0.24/MoS2, (e) PtSA-0.3/MoS2, and (f) ce-MoS2 before and after the injection of SCN- ions in Ar-saturated 0.5 M H2SO4 solution
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Fig. S20 Chronoamperometry test of PtSA-0.1/MoS2 at -0.03 V for 20000 s in an Ar-saturated solution of 0.5 M H2SO4
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Fig. S21 Comparison of HER activity for PtSA-0.1/MoS2 in 0.5 M H2SO4 solution with the state-of-the-art single-atom catalysts reported previously
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Fig. S22 Pt 4f HR-XPS spectra of PtSA-X/MoS2 samples
[image: ]
Fig. S23 CVs of the ce-TMDs modified GCE in an Ar-saturated solution of 0.1 M H2SO4 + 2 mM CuSO4. Inset shows the photographs of good-dispersible ce-TMDs nanosheets suspension in water
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Fig. S24 Conventional TEM images of the freshly prepared (a) PtSA-WS2, (b) PtSA-MoSe2 and (c) PtSA-WSe2 samples
[image: ]
Fig. S25 (a) HAADF-STEM images of PtSA-MoS2, PtSA-WS2, PtSA-MoSe2, and PtSA-WSe2 samples. (b) HER polarization curves of PtSA-MoS2, PtSA-WS2, PtSA-MoSe2, and PtSA-WSe2 samples in an Ar-saturated solution of 0.5 M H2SO4 at a scan rate of 50 mV s-1
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Fig. S26 (a-b) Pt 4f XPS spectra of PtSA-WS2 and PtSA-WSe2
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Fig. S27 HAADF-STEM images of (a) PtSA-0.1/WS2, (b) PtSA-0.3/WS2, (c) PtSA-0/WSe2 and (d) PtSA-0.2/WSe2 samples  
[image: ]
Fig. S28 HER polarization curves and mass activity for (a, c) PtSA-X/WS2 and (b, d) PtSA-X/WSe2 samples in an Ar-saturated solution of 0.5 M H2SO4 at a scan rate of 20 mV s-1
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Fig. S29 Four DFT slab models (a) Ptiso (Structure I), (b) Ptadj (Structure II), (c) two Ptiso (Structure III), and (d) one Ptiso plus one Ptadj (Structure IV) of various Pt loadings on MoS2
[image: ]
Fig. S30 DFT models of different numbers of (a) 3 Pt atoms, and (b) 4 Pt atoms in adjacent Pt atoms. It suggests that the adjacent effect of single atom Pt is universal
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Fig. S31 Hydrogen adsorption sites (a, b and c sites in Table S7) on isolated Pt
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Fig. S32 Four hydrogen atoms adsorption (the “a, 2b, c” structure in Table S7) on isolated Pt
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Fig. S33 Adsorption energy of different H on isolated Pt at different structures
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Fig. S34 Hydrogen adsorption sites (a-e sites in Table S10) on adjacent Pt
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Fig. S35 Two different adsorption modes of 3H adsorption on adjacent Pt. (a) Two top-H adsorbed on two Pt atoms, (b) Two top-H adsorbed on one Pt atom


[image: ]
Fig. S36 (a) Adsorption energy of different H on adjacent Pt at different structures, and (b) DFT slab model of 3H@IV
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Fig. S37 Hydrogen adsorption energies of the most stable structures on PtSA-MoSe2
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Fig. S38 Hydrogen adsorption energies of the most stable structures on PtSA-WS2
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Fig. S39 Hydrogen adsorption energies of the most stable structures on PtSA-WSe2
[image: ]
Fig. S40 Orbital-wise and total three-center COBI plots for Pt–H–Pt, corresponding to the structure of Ptadj with a bridge-H adsorption. The corresponding integrated ICOBI (ICOBI) values are given. The plot of 6py-1s-6s contains both 6py-1s-6s and 6s-1s-6py components. 5dyz-1s-6s is the same 
Supplementary Tables
	Table S1 EXAFS fitting parameters of PtSA-X/MoS2 and Pt foil

	Sample
	Path
	CNa
	R(Å)b
	σ2 (Å2)c
	ΔE0(eV)d
	R factor

	Pt L3-edge (Ѕ02=0.899)

	Pt foil
	Pt-Pt
	12*
	2.764±0.002
	0.0050
	8.2
	0.0031

	PtSA-0.10/MoS2
	Pt-S
	4.3±0.2
	2.245±0.011
	0.0081
	2.5
	0.0120

	PtSA-0.14/MoS2
	Pt-S
	3.9±0.2
	2.241±0.007
	0.0063
	0.9
	0.0065

	PtSA-0.18/MoS2
	Pt-S
	4.2±0.2
	2.234±0.010
	0.0063
	0.7
	0.0091

	PtSA-0.24/MoS2
	Pt-S
	3.9±0.1
	2.228±0.006
	0.0060
	2.6
	0.0041

	PtSA-0.30/MoS2
	Pt-S
	4.4±0.2
	2.230±0.009
	0.0062
	1.8
	0.0046


Note: aCN, coordination number; bR, the distance between absorber and backscatter atoms; cσ2, the Debye Waller factor value; dΔE0, inner potential correction to account for the difference in the inner potential between the sample and the reference compound; R factor indicates the goodness of the fit. S02 was fixed to 0.899, according to the experimental EXAFS fit of Pt foil by fixing CN as the known crystallographic value. * This value was fixed during EXAFS fitting, based on the known structure of Pt. Fitting conditions: k range：2.0 - 10.5; R range: 1.1-2.5; fitting space: R space; k-weight = 3. A reasonable range of EXAFS fitting parameters: 0.800 < Ѕ02 < 1.000; CN > 0; σ2 > 0 Å2; |ΔE0| < 10 eV; R factor < 0.02.


Table S2 Comparison of HER activity for PtSA-0.1/MoS2 in 0.5 M H2SO4 solution with the state-of-the-art single-atom catalysts reported previously
	Catalyst
	Tafel slope
(mV dec-1)
	Mass activity@ overpotential
(A mgpt-1)
	TOF@ overpotential
(s-1)
	Reference

	PtSA-0.1/MoS2
	32
	144@0.1 V
	43.1@0.05 V
	This work

	Pt@DG
	53
	26.05@0.1 V
	26.41@0.1 V
	[S2]

	Pt1/OLC
	36
	7.40@0.038 V
	90@0.2 V
	[S3]

	Pt@PCM
	63.7
	NA
	12@0.2 V
	[S4]

	Pt1/hNCNC
	24
	7.60@0.02 V
	7.67@0.02 V
	[S5]

	Pt1/NPC
	28
	2.86@0.025 V
	100@0.1 V
	[S6]

	Pt-AC/DG-150
	37.8
	11.78@0.05 V
	15.7@0.05 V
	[S7]

	Pt-AC/DG-300
	34.8
	17.93@0.05 V
	13.4@0.05 V
	[S7]

	PtNx/TiO2
	34
	136@0.1 V
	37.97@0.05 V
	[S8]

	Pt-GDY2
	46.6
	23.64@0.1 V
	23.9@0.05 V
	[bookmark: OLE_LINK4][S9]

	Os/CNS
	41
	NA
	10.55@0.05 V
	[S10]

	ALD100Pt/NGNs
	29
	NA
	2.12@0.05 V
	[S11]

	Pt1/NMHCS
	56
	2.07@0.05 V
	2.09@0.05 V
	[S12]

	Ptdoped@WCx
	20
	14.28@0.1 V
	1.04@0.05 V
	[S13]

	Pt SASs/AG
	29.33
	22.4@0.05 V
	1.63@0.04 V
	[S14]

	ALD50Pt/NGNs
	29
	NA
	10.2@0.05 V
	[S11]

	Pt1/NMC
	29
	~8@0.05 V
	8.08@0.05 V
	[S15]

	Pt1/NCP
	28.5
	6.6@0.05 V
	6.72@0.05 V
	[S16]

	NGA-COF@Pt
	21.8
	18.2@44 mV
	18.4@44 mV
	[S17]

	Pt1/N-C
	14.2
	NA
	22.07@50 mV
	[S18]

	Pt/TiBxOy
	NA
	37.8@50mV
	33.2@50 mV
	[S19]

	Pt1/NNGF
	29.1
	14.6@50mV
	14.1@50 mV
	[S20]

	Pt- PVP/TNR@GC
	27
	16.5@50mV
	16.67@50 mV
	[S21]

	PtOx/TiO2
	52
	NA
	6.95@50 mV
	[S8]

	Pt1/PI@CP
	27.5
	106.9@0.1 V
	35@0.05 V
	[S22]

	PtNx/TiO2
	34
	136@0.1 V
	37.9@0.05 V
	[S23]

	Pt/MoS2-NTA/Ti3C2
	35
	46.5@0.1 V
	47.0@0.1 V
	[S24]

	PtSA@Mo2C@NC
	26
	75.21@0.1 V
	14.4@0.1 V
	[S25]

	Pt/np-Co0.85Se
	35
	1.32@0.1 V
	3.93@0.1 V
	[S25]

	Ti3C2Tx-PtSA
	45
	23.21@0.1 V
	23.45@0.1 V
	[S27]

	PtCu/WO3@CF
	45.9
	7.3@0.1 V
	10.9@0.1 V
	[S28]

	Pt-SAs/MoSe2
	28
	34.4@0.1 V
	151@0.2 V
	[S29]

	MAC@Pt 1000
	24.9
	1.5@0.1 V
	0.52@40 mV
	[S30]

	Pt-SA0.056/Mo-L
	31.1
	2.06@0.1 V
	1.2@140 mV
	[S31]

	Pt-MoAl1-xB
	78.8
	4@0.1 V
	0.63@0.1 V
	[S32]

	0.22Pt-HMoS2
	34.83
	~2@0.1 V
	NA
	[S33]





Table S3 Average oxidation state of Pt calculated from the XPS spectra of the PtSA-X/TMDs catalysts

	Sample
	Content (%)
	Average oxidation state of Pt 

	PtSA-0.10/MoS2
	1.3 (Pt4+)
	1.97

	
	95.7 (Pt2+)
	

	
	3.0 (Pt0)
	

	PtSA-0.14/MoS2
	13.0 (Pt4+)
	2.10

	
	78.9 (Pt2+)
	

	
	8.1 (Pt0)
	

	PtSA-0.18/MoS2
	25.5 (Pt4+)
	2.22

	
	67.8 (Pt2+)
	

	
	6.7 (Pt0)
	

	PtSA-0.24/MoS2
	25.5 (Pt4+)
	2.37

	
	67.8 (Pt2+)
	

	
	6.7 (Pt0)
	

	PtSA-0.3/MoS2
	20 (Pt4+)
	2.40

	
	80 (Pt2+)
	

	PtSA-0.1/WS2
	11.5 (Pt4+)
	1.21

	
	37.5 (Pt2+)
	

	
	51 (Pt0)
	

	PtSA-0/WSe2
	31.4 (Pt4+)
	2.63

	
	68.6 (Pt2+)
	


For XPS analysis, the average oxidation state of Pt is calculated according to the below equation：


Table S4 Potential of zero charge (PZC) calculated for different model systems
	Ads. form
	
	
	(V)

	MoS2
	0
	0
	1.0638

	I
	1
	0
	0.8224

	II
	0
	2
	0.7597

	III
	2
	0
	0.5649

	IV
	1
	2
	0.5025


Note: The PZCs are presented as the potential vs SHE.
Table S5 Extra charge injected into the electrode surface from external circuit at an electrode potential of 0 V vs SHE for different electrode materials
	Ads. form
	(e)

	
	

	I
	-1.1358

	II
	-1.0909

	III
	-0.8405

	IV
	-0.7779



Table S6 Hydrogen adsorption free energies of the most stable structures on Pt
	Adsorption site
	(eV)

	
	1st H
	2nd H
	3rd H
	4th H
	5th H

	Ptiso
	-0.1426
	-0.1193
	-0.4594
	-
	-

	Ptadj
	-0.5616
	-0.0997
	-0.0722 or -0.0550
	0.1811
	0.1087



Table S7 The adsorption energies of different H adsorption on Ptiso
	H number
	Adsorption site
	Energy
	Total  (eV)
	 per atom (eV)

	0
	-
	-244.6285
	-
	-

	1
	a
	-248.4863
	-0.3707
	-0.3707

	1
	b
	-248.2980
	-0.1825
	-0.1825

	1
	c
	-248.2982
	-0.1826
	-0.1826

	2
	b, c
	-252.3179
	-0.7153
	-0.3576

	2
	a, c
	-252.3230
	-0.7203
	-0.3602

	2
	a, b
	-252.3238
	-0.7211
	-0.3606

	3
	a, b, c
	-256.5369
	-1.4471
	-0.4824

	4
	2a, b, c
	-259.2187
	-0.6418
	-0.1604

	4
	a, 2b, c
	-259.3157
	-0.7389
	-0.1847



Table S8 Adsorption energies of different H adsorption on Ptiso at different structures
	H number
	Adsorption site
	I
	IV

	1
	a
	-0.3707
	-0.3931

	2
	a, b
	-0.3504
	-0.3714

	3
	a, b, c
	-0.7260
	-0.7144



Table S9 Vibrational energies and entropies for the most stable structure on Ptiso. T=298.15 K
	Ads. form
	@Ptiso
	(eV)
	(eV)
	(J/mol K)
	(eV)
	(eV)

	I
	0
	0.1729
	0.3464
	110.4140
	0.3412
	0.0052

	
	1
	0.3751
	0.5575
	112.1344
	0.3465
	0.2110

	
	2
	0.5924
	0.7842
	117.9665
	0.3645
	0.4197

	
	3
	0.8394
	1.0357
	120.2911
	0.3717
	0.6640

	IV

	0
	0.1736
	0.3467
	109.9675
	0.3398
	0.0068

	
	1
	0.3762
	0.5575
	111.8872
	0.3457
	0.2118

	
	2
	0.5891
	0.7827
	119.6924
	0.3699
	0.4128

	
	3
	0.8413
	1.0355
	118.5289
	0.3663
	0.6693



Table S10 Adsorption energies of different H adsorption sites on Ptadj
	H number
	Adsorption site
	Energy
	Total  (eV)
	 per atom (eV)

	0
	-
	-248.5108
	-
	-

	1
	a
	-252.5213
	-0.5234
	-0.5234

	1
	c
	-252.7895
	-0.7915
	-0.7915

	2
	c, e
	-256.5853
	-1.1002
	-0.5501

	2
	c, d
	-252.5213
	-1.0195
	-0.5098

	3
	c, d, e
	-260.3675
	-1.3954
	-0.4651

	3
	c, a, e
	-260.3027
	-1.3305
	-0.4435

	3
	c, b, e
	-260.3689
	-1.3968
	-0.4656

	4
	c, b, d, e
	-264.2730
	-1.8138
	-0.4534

	5
	c, a, b, d, e
	-268.0981
	-2.1518
	-0.4304


Table S11 Vibrational energies and entropies for some structures on Ptadj. T=298.15 K
	Number of
H@Ptadj
	Adsorption site
	(eV)
	(eV)
	(J /mol K)
	(eV)
	(eV)

	0
	-
	0.3000
	0.6059
	198.2921
	0.6127
	-0.0069

	1
	c
	0.4919
	0.7983
	193.3963
	0.5976
	0.2007

	2
	c, e
	0.6886
	1.0084
	200.9849
	0.6211
	0.3874

	3
	c, d, e
	0.9104
	1.2390
	205.1213
	0.6338
	0.6052

	3
	c, a, e
	0.8902
	1.2209
	205.2180
	0.6341
	0.5868

	3
	c, b, e
	0.8923
	1.2218
	204.6922
	0.6325
	0.5893

	4
	c, b, d, e
	1.1097
	1.4482
	208.8082
	0.6452
	0.8030

	5
	c, a, b, d, e
	1.3257
	1.6747
	215.1256
	0.6648
	1.0100



Table S12 Adsorption energies of different H adsorption on aggregated Pt at different structures.
	H number
	Adsorption site
	II
	IV
	3H@IV

	1
	c
	-0.7915
	-0.7233
	-0.7692

	2
	c, e
	-0.3087
	-0.3886
	-0.3311

	3
	c, d, e
	-0.2951
	-0.2548
	-0.2893

	3
	c, a, e
	-0.2303
	-0.2181
	-0.2259

	3
	c, b, e
	-0.2965
	-0.3142
	-0.2983

	4
	c, b, d, e
	-0.4170
	-0.4007
	-0.4100

	5
	c, a, b, d, e
	-0.3380
	-0.2837
	-0.3341



Table S13 Adsorption energies of different H adsorption on Pt at different systems.
	Pt atom type  
	H number
	Adsorption site
	MoSe2
	WS2
	WSe2

	
	1
	a
	-0.3941 
	-0.3945 
	-0.4109 

	Ptiso
	2
	a, b
	-0.3976 
	-0.4624 
	-0.4882 

	
	3
	a, b, c
	-0.6046 
	-0.7696 
	-0.6212 

	
	1
	c
	-0.7186 
	-0.7985 
	-0.7226 

	
	2
	c, e
	-0.3221 
	-0.3729 
	-0.4038 

	Ptadj
	3
	c, d, e
	-0.2392 
	-0.2751 
	-0.2326 

	
	3
	c, b, e
	-0.3549 
	-0.3949 
	-0.4254 

	
	4
	c, b, d, e
	-0.3025 
	-0.3813 
	-0.3018 

	
	5
	c, a, b, d, e
	-0.3643 
	-0.4033 
	-0.4401 
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