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Supplementary Methods
Synthesis of Cl-Nb2C. Initially, 100 mL as-prepared Nb2C solution (1.85 mg/mL) was added into 250 mL round bottom flask. Then, 20 mL HCl (36%) was added to the Nb2C solution under magnetic stirring for 2 h at room temperature. Further, the precipitate was filtered and washed with double distilled water. Finally, the obtained solid precipitate was dried in a vacuum oven at 60 °C overnight.
Synthesis of Br-Nb2C. Initially, 100 mL as-prepared Nb2C solution (1.85 mg/mL) was added into 250 mL round bottom flask. Then, 20 mL HBr (48%) was added to the Nb2C solution under magnetic stirring for 2 h at room temperature. Further, the precipitate was filtered and washed with double distilled water. Finally, the obtained solid precipitate was dried in a vacuum oven at 60 °C overnight.
Synthesis of O-Nb2C. Initially, 100 mL as-prepared Nb2C solution (1.85 mg/mL) was added into 250 mL round bottom flask. Then, 20 mL H2O2 (30%) was added to the Nb2C solution under magnetic stirring for 1 h at room temperature. Further, the precipitate was filtered and washed with double distilled water. Finally, the obtained solid precipitate was dried in a vacuum oven at 60 °C overnight.
Synthesis of Pd/Cl-Nb2C, Pd/Br-Nb2C and Pd/O-Nb2C. Firstly, 150 mg as-prepared Cl-Nb2C, Br-Nb2C and O-Nb2C powder was added into 100 mL round bottom flask. Then, 50 mL deionized water was added to the Cl-Nb2C, Br-Nb2C and O-Nb2C powder under magnetic stirring for 30 min at room temperature. Further, 1.25 mL of PdCl2 (1 mg/mL) was added to the Cl-Nb2C, Br-Nb2C and O-Nb2C solution under magnetic stirring for 4 h at 35 °C, respectively. The precipitate was filtered and washed with double distilled water. Finally, the obtained solid precipitate was dried in a vacuum oven at 60 °C overnight.

Computational Details
1. Parametrization Method for the Interatomic Potential. To fit the force field parameters, DFT calculations with periodic boundary conditions were performed using the VASP code. And the fitting data was based on structures and interaction energies of Pd4 cluster supported on MXenes (Br2Nb2C, Cl2Nb2C, O2Nb2C and Nb2C) with a 3 × 3 × 1 unit cell. The interaction energy is defined as 
                              (1)
where ,  and  is total energy of 4-atom Pd cluster on substrate, 4-atom Pd cluster and substrate, respectively.
First, the four-atom Pd cluster supported on substrates were optimized by DFT calculations. Then the DFT-optimized cluster placed on the surface of substrate at a distance R without structure reoptimization, where R was varied between 1 and 6.0 Å at intervals of 0.1 Å. And a total of 36 structures were selected for each system to fit the force field parameters. 
During the fitting process, the interaction energy is the sum of all the Pd-M interactions, where M indicates each atom in the substrate with a distance smaller than 8 Å from the Pd atoms. To obtain accurate parameters effectively, we employed Levenberg-Marquardt (LM) method1,2 to solve the Morse potential function, and the function of convergence criterion for fitting was defined as
                                     (2)
where R represents the distance between the four-atom Pd cluster and the surface of substrate.  and  are the interaction energies obtained by fitting results and DFT calculations, respectively.

2. MD simulations. All MD simulations were performed using the large-scale atomic/molecular massively parallel simulator (LAMMPS) software3. Pd561 nanoparticles with the structure of cuboctahedron was selected as supported metal models. Nb2C and its derivative (Cl2Nb2C, Br2Nb2C and O2Nb2C) were selected as the substrates, whose structures were optimized by DFT calculations.
In MD simulation, the embedded-atom method (EAM) was adopted to model metal−metal interactions4,5. And the Morse potential was employed for describing the interaction between the Pd atom and substrate, which was obtained by fitting results of the DFT calculations.
[bookmark: OLE_LINK1]The MD simulation was performed in a NVT ensemble with a time step of 2.5 fs. The equilibrium structure of supported nanoparticle was obtained by annealing process. First, the initial structure was optimized at 300 K for 50 ps. Then, the nanoparticle was heated to the melting point and equilibrated at 1400 K for 50 ps. Finally, the nanoparticle was cooled to 300 K. In MD simulation, the substrate layers were fixed, and the periodic boundary conditions were applied parallel to the substrates (x and y directions), while a non-periodic boundary condition was applied perpendicular to the substrates (z direction).
3. [bookmark: OLE_LINK593]DFT Computational Methods. To study CHCR hydrogenation, two types of periodic surfaces were selected in our simulation, namely, Pd(111) and Two layers Pd(111)/Nb2C. The p(4x4) unit cell was utilized for Pd(111) and Two layers Pd(111)/Nb2C. Both models were built with a 15 Å vacuum region to avoid the neighboring slab interactions. The thickness of the surfaces was verified to be sufficient. All DFT calculations were performed with generalized gradient approximation (GGA) of the Perdew-Burke-Ernzerhof (PBE)6 functional using the VASP simulation package7,8. The approach of project-augmented-wave (PAW) was exploited to describe the interaction between core-electron and valence electron9,10. A plane-wave basis set was expanded with the kinetic cutoff energy of 400 eV on valence electronic states. The Brillouin zone samplings of k-point values were tested using CHCR chemisorption energy, and a k-point sampling of 3x3x1 was adopted with the convergence value less than 0.1 eV. The effect of vdW interaction is significant for the reaction mechanism in our previous study11-15. Therefore, the DFT-D3 method16-19 of Grimme et al. was utilized to calculate all the energetics and structures of the intermediates and transition states. The energetics and structures were calculated using the conjugate-gradient algorithm until the Hellman Feynman forces on each atom less than 0.01 eV/Å. The transition states (TSs) were searched using the method called a constrained optimization scheme20-23. The transition states were confirmed by two rules: (i) all forces on atoms have been optimized to be less than 0.01 eV/Å; (ii) the total energy is a maximum along the reaction coordinate but a minimum with respect to all other degrees of freedom. All the optimized initial states, transition states and final states were verified by frequency analysis using a finite displacement method to the mass-weighted Hessian matrix24. 
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Supplementary Fig. 1 | Interaction energies for the DFT calculations and the fitted Morse potential curve with the structures of (a) Pd4/Nb2C, (b) Pd4/O2Nb2C, Pd4/Br2Nb2C and Pd4/Cl2Nb2C.
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Supplementary Fig. 2 | SEM images of (a) Pd/Nb2C, (b) Pd/Cl-Nb2C, (c) Pd/Br-Nb2C, (d) Pd/O-Nb2C, respectively. 
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Supplementary Fig. 3 | High resolution XPS spectrum of Pd/Br-Nb2C and Pd/Cl-Nb2C. (a) Br 2p; (b) Cl 3d.
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Supplementary Fig. 4 | High resolution XPS spectra of Pd/Nb2C and Nb2C. (a) C 1s; (b) O 1s; (c) Nb 3d.
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Supplementary Fig. 5 | HRTEM images of Pd/Cl-Nb2C.
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Supplementary Fig. 6 | HRTEM images and selected area electron diffraction (SAED) pattern of Pd/Br-Nb2C.
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Supplementary Fig. 7 | TEM images and elemental mapping of Pd/O-Nb2C.
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Supplementary Fig. 8 | HRTEM images of Pd/Nb2C. 
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Supplementary Fig. 9 | TEM images of Pd/Nb2C samples with different Pd loadings. (a) 0.3% Pd/Nb2C; (b) 0.5% Pd/Nb2C; (c) 2% Pd/Nb2C; (d) 5% Pd/Nb2C.
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Supplementary Fig. 10 | Performance of Pd/Nb2C with different Pd loadings. Experimental results revealed that excessive Pd loading would decrease the selectivity of styrene. 
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Supplementary Fig. 11 | XRD patterns of the Pd/Nb2C, Nb2C and Nb2AlC.

















[image: SI-XAS Pd foil和Nb foil]Supplementary Fig. 12 | WT-EXAFS plots of Pd in the Pd foil and WT-EXAFS plots of Nb in the Nb foil. (a) Pd; (b) Nb.
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Supplementary Fig. 13 | Fourier transform spectra of Nb K-edge EXAFS for Pd/O-Nb2C and Pd/Br-Nb2C. (a, c, e) XAFS analysis of Pd/O-Nb2C, (a) R-spaced FT-EXAFS of Nb K-edge; (c) k-space; (e) WT-EXAFS plots of Nb. (b, d, f) XAFS analysis of Pd/Br-Nb2C, (b) R-spaced FT-EXAFS of Nb K-edge; (d) k-space; (f) WT-EXAFS plots of Nb.
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Supplementary Fig. 14 | The side view (up), top view (middle) and oblique view (bottom) of the simulated surfaces. (a) One layer Pd(111)+Nb2C; (b) Two layers Pd(111)+Nb2C; (c) Three layers Pd(111)+Nb2C; (d) Four layers Pd(111)+Nb2C. The dL represents simulated lattice space. , .
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Supplementary Fig. 15 | CO stripping voltammetry curves of Nb2C, Pd/Nb2C, Pd/Cl-Nb2C, and Pd/Br-Nb2C.
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Supplementary Fig. 16 | Pd 3d XPS spectra of Pd/Nb2C, Pd/Cl-Nb2C, and Pd/Br-Nb2C.
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Supplementary Fig. 17 | TOF values and the yields of products for various supported Pd catalysts. Conditions: 2 mmol of phenylacetylene, 10 mg of catalyst (0.5% Pd), 5 mL of CH3CH2OH, 298 K, 0.1 MPa of H2, 40 min.
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Supplementary Fig. 18 | NMR data for deuterated phenylacetylene catalyzed by Pd/Nb2C. NMR data for the products of deuterated phenylacetylene carried out by using Pd/Nb2C in i-proh as the solvent, and D2O as deuterium source. (Red) Phenylacetylene, the peaks around 3.47 ppm were corresponding to H atoms on carbon-carbon triple bond. (Blue) Deuterated phenylacetylene, the peaks around 3.46 ppm decreased in the intensity compared to Red. These results also confirmed the existence of hydrogen proton in the reaction mechanism for Pd/Nb2C.
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Supplementary Fig. 19 | TEM images of the used Pd/Nb2C. 
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Supplementary Fig. 20 | Side and top views of all the optimized geometries of intermediates on Pd(111). (a) CH2CH2R; (b) CH2CHR; (c) CH3CH2R; (d) CHCH2R; (e) CHCHR; (f) CHCR; (g) CHRCH3; (h) CRCH2; (i) CRCH3; (j) H. 
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Supplementary Fig. 21 | Side and top views of calculated transition state geometries on Pd(111). (a) CH2CH2R+H ⇄ CH3CH2R; (b) CH2CHR+H ⇄ CH2CH2R; (c) CH2CHR+H ⇄ CHRCH3; (d) CHCH2R+H ⇄ CH2CH2R; (e) CHCHR+H ⇄ CH2CHR; (f) CHCHR+H ⇄ CHCH2R; (g) CHCR+H ⇄ CHCHR; (h) CHCR+H ⇄ CRCH2; (i) CHRCH3+H ⇄ CH3CH2R; (j) CRCH2+H ⇄ CH2CHR; (k) CRCH2+H ⇄ CRCH3; (l) CRCH3+H ⇄ CHRCH3. 
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Supplementary Fig. 22 | Side, oblique and top views of all the optimized geometries of intermediates on Two layers Pd(111)+Nb2C. (a) CH2CH2R; (b) CH2CHR; (c) CH3CH2R; (d) CHCH2R; (e) CHCHR; (f) CHCR; (g) CHRCH3; (h) CRCH2; (i) CRCH3; (j) H. 
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Supplementary Fig. 23 | Side and top views of calculated transition state geometries on Two layers Pd(111)+Nb2C. (a) CH2CH2R+H ⇄ CH3CH2R; (b) CH2CHR+H ⇄ CH2CH2R; (c) CH2CHR+H ⇄ CHRCH3; (d) CHCH2R+H ⇄ CH2CH2R; (e) CHCHR+H ⇄ CH2CHR; (f) CHCHR+H ⇄ CHCH2R; (g) CHCR+H ⇄ CHCHR; (h) CHCR+H ⇄ CRCH2; (i) CHRCH3+H ⇄ CH3CH2R; (j) CRCH2+H ⇄ CH2CHR; (k) CRCH2+H ⇄ CRCH3; (l) CRCH3+H ⇄ CHRCH3. 






[image: ]
Supplementary Fig. 24 | Energy profiles of CHCR hydrogenation on Pd(111). The IS (Initial State) is chosen as CHCRad + 4Had. 
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Supplementary Fig. 25 | Energy profiles of CHCR hydrogenation on Two layers Pd(111)+Nb2C. The IS (Initial State) is chosen as CHCRad + 4Had. 
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Supplementary Fig. 26 | Energy profiles of reaction pathway a and reaction pathway b on Pd(111). 
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Supplementary Fig. 27 | Energy profiles of reaction pathway a and reaction pathway b on Two layers Pd(111)+Nb2C. 
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Supplementary Fig. 28 | Energy profiles of major reaction pathway (pathway a) on Pd(111) and Two layers Pd(111)+Nb2C. 
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Supplementary Fig. 29 | The barriers of significant hydrogenation pathways on Pd(111) and Pd/Nb2C respectively. Pathway 1 is CHCR+H ⇄ CHCHR; Pathway 2 is CHCHR+H ⇄ CH2CHR; Pathway 3 is CHCR+H ⇄ CRCH2; Pathway 4 is CRCH2+H ⇄ CH2CHR.












Supplementary Table 1. Morse Force Field Parameters for Pd/Nb2C, Pd/O2Nb2C, Pd/Br2Nb2C and Pd/Cl2Nb2C.
	
	
	D (eV)
	α (1/Å)
	r0 (Å)

	
Bare surface
	Pd-Nb
	1.807
	1.566
	2.30

	
	Pd-C
	0.047
	0.960
	5.30

	O group
	Pd-O
	2.913
	2.642
	1.40

	
	Pd-Nb
	0.0187
	0.520
	4.80

	
	Pd-C
	0.008
	2.191
	5.60

	Br group
	Pd-Br
	0.500
	2.097
	2.10

	
	Pd-Nb
	0.0211
	0.196
	4.70

	
	Pb-C
	0.00247
	1.417
	7.00

	Cl group
	Pd-Cl
	2.102
	2.514
	1.60

	
	Pd-Nb
	0.0220
	0.450
	4.90

	
	Pd-C
	0.00163
	2.138
	6.70














Supplementary Table 2. Structural Parameters of a series of Pd/Nb2C Extracted from the EXAFS Fitting of Pd K-edge.
	Catalyst
	Path
	CNa
	Rb(Å)
	σ2× 102 (Å2 )c
	ΔE0 (eV)

	Pd/Nb2C
	Pd-O
	2.1
	2.00
	0.001
	1.632± 0.764

	
	Pd-Pd
	3
	2.74
	0.017
	

	Pd/Br-Nb2C
	Pd-Pd
	11.1±1.0
	2.75±0.01
	0.64±0.5
	-0.1±0.8

	Pd/O-Nb2C
	Pd-Pd
	10.4±0.7
	2.76±0.01
	0.78±0.4
	1.3±0.


aCN is the coordination number; bR is interatomic distance; cσ2 is Debye-Waller factor (a measure of thermal and static disorder in absorber-scatter distances); S02 was obtained from Nb metal and fixed as 0.80; ΔE0 shift in absorption edge energy, Data ranges 3.000 ≤ k ≤ 12.651 Å-1, 1.25 ≤ R ≤ 2.70 Å. The number of variable parameters is 3, out of a total of 8.8125 independent data points, R factor for these fits are 1.79%, 0.4%, 0.6%.















Supplementary Table 3. Structural Parameters of a series of Pd/Nb2C Extracted from the EXAFS Fitting of Nb K-edge.
	Catalyst
	Path
	CNa
	Rb(Å)
	σ2× 10-2 (Å2 )c
	ΔE0 (eV)

	     
Pd/Nb2C

	Nb-C
	2.1
	2.11
	1.1
	
13.3

	
	Nb-Pd
	1.8
	2.72
	1.1
	

	
	Nb-C-Nb
	0.5
	3.11
	0.6
	

	
Pd/O-Nb2C
	Nb-C
	2.1
	2.11
	0.8
	
12.8

	
	Nb-C-Nb
	2.7
	2.74
	1.8
	

	
	Nb-Nb
	0.2
	3.17
	0.3
	

	
Pd/Br-Nb2C
	Nb-C
	2.1
	2.12
	1.1
	
10.9

	
	Nb-C-Nb
	4.4
	2.79
	2.3
	

	
	Nb-Nb
	0.5
	3.16
	0.3
	


aCN is the coordination number; bR is interatomic distance; cσ2 is Debye-Waller factor (a measure of thermal and static disorder in absorber-scatter distances); S02 was obtained from Nb metal and fixed as 0.80; ΔE0 shift in absorption edge energy, Data ranges 3.000 ≤ k ≤ 11 Å-1, 1.3 ≤ R ≤ 3.1 Å. The number of variable parameters is 3, R factor for these fits are 0.6%, 0.9%, 1.9%.











Supplementary Table 4. Full elementary steps for CHCR hydrogenation.
	Elementary Reaction Steps

	(r1) H2+*+*→H*+H*

	(r2) CHCR+*→CHCR*

	(r3) CHCR*+H*→CHCHR*+*

	(r4) CHCR*+H*→CRCH2*+*

	(r5) CHCHR*+H*→CH2CHR*+*

	(r6) CRCH2*+H*→CH2CHR*+*

	(r7) CH2CHR*→CH2CHR+*

	(r8) CHCHR*+H*→CHCH2R*+*

	(r9) CRCH2*+H*→CRCH3*+*

	(r10) CH2CHR*+H*→CH2CH2R*+*

	(r11) CH2CHR*+H*→CHRCH3*+*

	(r12) CH2CH2R*+H*→CH3CH2R*+*

	(r13) CHRCH3*+H*→CH3CH2R*+*

	(r14) CH3CH2R*→CH3CH2R+*

	(r15) CHCH2R*+H*→CH2CH2R*+*

	(r16) CRCH3*+H*→CHRCH3*+*













Supplementary Table 5. Reaction energetics of each elementary step for solving the kinetic modelling on Pd(111)
	[bookmark: _Hlk101794155]Pd(111)
	Ea
	ΔH

	H2+*+*→H*+H*
	0.00 
	-1.10 

	CHCR+*→CHCR*
	0.00 
	-3.13 

	CHCR*+H*→CHCHR*+*
	1.13 
	-0.08 

	CHCR*+H*→CRCH2*+*
	0.99 
	0.13 

	CHCHR*+H*→CH2CHR*+*
	0.84 
	-0.08 

	CRCH2*+H*→CH2CHR*+*
	0.80 
	-0.29 

	CH2CHR*→CH2CHR+*
	2.77 
	2.77 

	CHCHR*+H*→CHCH2R*+*
	1.24 
	0.48 

	CRCH2*+H*→CRCH3*+*
	0.88 
	0.31 

	CH2CHR*+H*→CH2CH2R*+*
	1.29 
	0.79 

	CH2CHR*+H*→CHRCH3*+*
	0.96 
	0.44 

	CH2CH2R*+H*→CH3CH2R*+*
	0.89 
	0.27 

	CHRCH3*+H*→CH3CH2R*+*
	0.99 
	0.62 

	CH3CH2R*→CH3CH2R+*
	1.97 
	1.97 

	CHCH2R*+H*→CH2CH2R*+*
	0.94 
	0.23 

	CRCH3*+H*→CHRCH3*+*
	1.01 
	-0.16 












Supplementary Table 6. Reaction energetics of each elementary step for solving the kinetic modelling on Pd(111)
	Two layers Pd(111) + Nb2C
	Ea
	ΔH

	H2+*+*→H*+H*
	0.00 
	-1.11

	CHCR+*→CHCR*
	0.00 
	-2.73 

	CHCR*+H*→CHCHR*+*
	1.15 
	0.13 

	CHCR*+H*→CRCH2*+*
	0.99 
	0.56 

	CHCHR*+H*→CH2CHR*+*
	0.88 
	-0.04 

	CRCH2*+H*→CH2CHR*+*
	0.82 
	-0.46 

	CH2CHR*→CH2CHR+*
	2.11 
	2.11 

	CHCHR*+H*→CHCH2R*+*
	1.16 
	0.64 

	CRCH2*+H*→CRCH3*+*
	1.06 
	0.06 

	CH2CHR*+H*→CH2CH2R*+*
	1.25 
	0.96 

	CH2CHR*+H*→CHRCH3*+*
	0.84 
	0.39 

	CH2CH2R*+H*→CH3CH2R*+*
	0.63 
	0.25 

	CHRCH3*+H*→CH3CH2R*+*
	0.83 
	0.82 

	CH3CH2R*→CH3CH2R+*
	1.17 
	1.17 

	CHCH2R*+H*→CH2CH2R*+*
	0.90 
	0.28 

	CRCH3*+H*→CHRCH3*+*
	1.01 
	-0.13 
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