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Fig. S1. Structure details of a) bulk Ni;Sn and b) bulk Ni;Sn,, and the side view of

their corresponding surfaces of c) NizSn(111), d) NizSn(001) e) NizSny(101), f)

Ni3Sn,(001), g) Ni3Sny(101)-2 and h) Ni3Sn,(001)-2 surfaces after optimization. (Ni:

blue; Sn: dark green)

Table S1. Computational tests for layer-thickness with the adsorption of C,H, as an

example. “C,H,-3L” means C,H, adsorbs on a 3-layer slab, “C,H,-4L” means C,H,

adsorbs on a 4-layer slab, and so on.

NisSn(111) | NisSn(001) | Ni;Sna(101) | NisSny(001) | NizSna(101)-2 | NisSny(001)-2
C,H,-3L -1.79 ~0.49 -1.03 -0.68 -2.35 ~1.69
C,H,-4L -1.91 ~0.56 -1.12 ~0.74 ~2.49 ~1.80
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C,H,-5L -1.90 —0.58 -1.11 —-0.75 —-2.47 —-1.83

Table S2. Surface energies (y) of Ni-Sn surfaces with different compositions. y =
(Egtab — NEpui)/24. where Eg,p, and Eyy are the total energies of the slab and one bulk
unit cell, respectively, N is the number of bulk units in the slab, and A4 is the surface

area of the slab, according to the referenceS!.

Surface Composition Absolute energy (eV) Surface energy (J/m?)

Bulk Ni;Sn Ni;Sn —21.369488

Ni;Sn(111) NizSnyp —243.97860 1.372
Ni;Sn(001) NisgSnye —317.28028 1.763

Bulk Ni3;Sn, Ni;Sn, —31.056213

Ni;Sn,(101) NiSnje —232.01315 1.246
Ni3;Sn,(001) Nip7Snig —253.23837 1.464
Niz;Sn,(101)-2 NiSnje —232.00692 1.247
Ni3;Sn,(001)-2 Nip7Snig —256.80077 1.266
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Fig. S2. Adsorption structures and energies of a) H, molecule and b) H atom on

Ni3Sn(111), Ni3Sn(001), Ni3Sny(101) and Ni3;Sny(001) surfaces.
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Fig. S3. Energy profile of H, dissociation on Ni;Sn(111), NizSn(001), Ni3;Sny(101),
Ni3Sny(001), NizSny(101)-2 and NizSn,y(001)-2 surfaces, “TS0” in the reaction
coordinate stands for the transition state of H, dissociation. (numbers of TS0 indicate

the dissociation barriers)
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Fig. S4. Summary of the possible adsorption stations of C,H, (a-f) and C,H, (g-1) on
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Ni3Sn(111) surface. H, C and Ni atoms are represented by white, gray and blue balls,

respectively, and this color mode is used throughout the context.
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Fig. S5. Summary of the possible adsorption stations of C,H, (a, b) and C,H, (¢) on

NizSn(001) surface.
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Fig. S6. Summary of the possible adsorption stations of C,H, (a-e) and C,H, (f-k) on

Ni3Sn,(101) surface.
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Fig. S7. Summary of the possible adsorption stations of C,H, (a, b) and C,H, (c, d) on

Ni3Sn,(001) surface.
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Fig. S8. Summary of the possible adsorption stations of C,H, (a, b) and C;H, (c-g) on

Ni3Sn,(101)-2 surface.
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Fig. S9. Summary of the possible adsorption stations of C,H, (a, b) and C,H, (c, d) on

Ni3Sn,(001)-2 surface.
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Fig. S10. Co-adsorption structures of H and C, species, the initial states (ISs) before

hydrogenation.
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Fig. S11. C,H,+H—C;H; on Ni3Sn(111): The hydrogen attacks the acetylene (initial
state before hydrogenation, IS) to form vinyl (final state after hydrogenation, FS) via

the transition state (TS) with a barrier of 1.25 eV.
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Fig. S12. C,H;+H—C,H,4 on Ni3Sn(111): The hydrogen attacks the vinyl (initial state
before hydrogenation, IS) to form ethylene (final state after hydrogenation, FS) via

the transition state (TS) with a barrier of 1.11 eV.

S7



1.2

1.0 1

0.8 4

0.6

Energy (eV)

0.4 -

0.2

0.0 -

Reaction coordinate

Fig. S13. C,H4+H—C,H;5 on Ni3Sn(111): The hydrogen attacks the ethylene (initial
state before hydrogenation, IS) to form ethyl (final state after hydrogenation, FS) via

the transition state (TS) with a barrier of 1.05 eV.
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Fig. S14. C,H,+H—C;H; on Ni3Sn(001): The hydrogen attacks the acetylene (initial
state before hydrogenation, IS) to form vinyl (final state after hydrogenation, FS) via

the transition state (TS) with a barrier of 0.90 eV.
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Fig. S15. C,H;+H—C,H,4 on Ni3Sn(001): The hydrogen attacks the vinyl (initial state
before hydrogenation, IS) to form ethylene (final state after hydrogenation, FS) via

the transition state (TS) with a barrier of 0.86 eV.
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Fig. S16. C,H,#H—C,H;s on NizSn(001): The hydrogen attacks the ethylene (initial
state before hydrogenation, IS) to form ethyl (final state after hydrogenation, FS) via

the transition state (TS) with a barrier of 0.97 eV.
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Fig. S17. C,;H,+H—C,H; on Ni3;Sn,(101): The hydrogen attacks the acetylene (initial
state before hydrogenation, IS) to form vinyl (final state after hydrogenation, FS) via

the transition state (TS) with a barrier of 1.23 eV.
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Fig. S18. C,H;+H—C;,H,; on Ni3;Sny(101): The hydrogen attacks the vinyl (initial
state before hydrogenation, IS) to form ethylene (final state after hydrogenation, FS)

via the transition state (TS) with a barrier of 0.76 eV.
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Fig. S19. C,H;,+H—C;,H; on Ni3Sn,(101): The hydrogen attacks the ethylene (initial
state before hydrogenation, IS) to form ethyl (final state after hydrogenation, FS) via

the transition state (TS) with a barrier of 0.94 eV.
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Fig. S20. C,H,+H—C,H; on NizSn,(001): The hydrogen attacks the acetylene (initial
state before hydrogenation, IS) to form vinyl (final state after hydrogenation, FS) via

the transition state (TS) with a barrier of 0.45 eV.
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Fig. S21. C,H;+H—C;,H4 on Ni3Sny(001): The hydrogen attacks the vinyl (initial
state before hydrogenation, IS) to form ethylene (final state after hydrogenation, FS)

via the transition state (TS) with a barrier of 0.36 eV.
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Fig. S22. C,H;+H—C,H;5 on Ni3;Sny(001): The hydrogen attacks the ethylene (initial
state before hydrogenation, IS) to form ethyl (final state after hydrogenation, FS) via

the transition state (TS) with a barrier of 0.50 eV.
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Fig. S23. C,H,+#H—C,H; on Ni3Sny(101)-2: The hydrogen attacks the acetylene
(initial state before hydrogenation, IS) to form vinyl (final state after hydrogenation,

FS) via the transition state (TS) with a barrier of 1.24 eV.
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Fig. S24. C,H;+H—C,H,4 on Ni3;Sn,(101)-2: The hydrogen attacks the vinyl (initial
state before hydrogenation, IS) to form ethylene (final state after hydrogenation, FS)

via the transition state (TS) with a barrier of 0.95 eV.
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Fig. S25. C,H,#H—C,Hs on Ni3Sny(101)-2: The hydrogen attacks the ethylene
(initial state before hydrogenation, IS) to form ethyl (final state after hydrogenation,

FS) via the transition state (TS) with a barrier of 1.14 eV.
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Fig. S26. C,H,*H—C,H; on Ni3Sny(001)-2: The hydrogen attacks the acetylene
(initial state before hydrogenation, IS) to form vinyl (final state after hydrogenation,

FS) via the transition state (TS) with a barrier of 0.28 eV.
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Fig. S27. C,H;+H—C,H,4 on Ni3;Sn,(001)-2: The hydrogen attacks the vinyl (initial

state before hydrogenation, IS) to form ethylene (final state after hydrogenation, FS)
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via the transition state (TS) with a barrier of 0.22 eV.
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Fig. S28. C,H,;#H—C,Hs on Ni3Sn,(001)-2: The hydrogen attacks the ethylene

(initial state before hydrogenation, IS) to form ethyl (final state after hydrogenation,
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FS) via the transition state (TS) with a barrier of 0.54 eV.

Table S3. The distance (dc.y /A) between the attacking H and the acceptor C atoms from the

initial state to the transition state.
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NisSn(111)  NisSn(001)  NisSny(101)  NisSny(001)  NisSna(101)-2  NisSny(001)-2

H+CH, 291—1.71 3.15—>227 2.58—1.76 2.59—>2.36 2.62—>1.17 2.50—~1.70
H+C,Hs 3.07—1.83 3.76—2.29 2.63—233 2.88—2.09 3.44—1.93 2.70—1.94
H+CHy 244—1.68 3.39—>228 2.54—154 3.96—>1.92 3.50—~1.55 3.36—>1.58

Determination of the effective barriers

The TOF can be simulated according to the energetic span theoryS>$3 as follows:

TOF ~ KoL peinr (S1)

where kg stands for the Boltzmann constant, 7 is the reaction temperature, and 4 is the
Planck constant; ES"is defined as an effective barrier of a catalysis process, based on

the previous reportsS® S7:

. E . E if TDTS appears after TDI  (a)
Eaff :{ TDTS TDI (SZ)

E s — Erp +AE if TDTS appears before TDI (b)

TDTS is the TOF determining transition state related to the hydrogenation step with
the highest hydrogenation barrier; and TDI stands for the 7OF determining
intermediate, which is the most stable adsorption state along the energy profile, and

AE is the reaction heat from reactant to TDI.

We hereby take the hydrogenation of C,H, on Ni3Sn(111) surface as an example to

eff
show how to obtain the £y from the energy profiles (Fig. 3 in the main text). The

essential aim here is to find a transition state (TS)—intermediate (I) pair with the

ff
largest energetic span (Eﬂa ). The first step is to find the TDI, which should be first

S16



checked with the most stable adsorption state along the energy profile. For the
hydrogenation of C,H, to C,H,; on Ni3Sn(111) surface, the TDI is found to be the

adsorption state of C,H,+2H. The TDTS is found to be the transition state of the C,Hj;

ff
hydrogenation. As TDTS appears after TDI, we can calculate the Eea with the eq.

ff
S2(a). The value of Eea is calculated to be 1.73 eV.

Table S4. The states of TDTS and TDI, the energies of TDTS and TDI, and the

eff
calculated £y of ethylene pathway over Ni;Sn(111), Ni;Sn(001), NizSn,(101) and

Ni3;Sn,(001) surfaces.

Ni;Sn(111)  NisSn(001) NisSny(101)  NizSny(001) NisSny(101)-2 NisSny(001)-2

TDTS TS2 TS0 TS1 TS1 TS1 TS3
Erprs (eV) -1.83 —-0.29 0.69 —-0.21 —2.18 -3.01
TDI 2H*+C,H,* H,* C,H,* C,H,* 2H*+C,H,* C,H,*
Etp1 (eV) —3.56 —-1.18 -1.12 —0.74 —-3.60 —2.46
peft 1.73 1.47 1.81 0.53 1.42 0.55

a (eV)
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Fig. S29. Adsorption sites of C,H, on Ni-Sn surfaces and the Ni-Ni distances of the

sites for calculating the average Ni-Ni distance (dyj.ni)-

Table S5. The average Ni-Ni distance (dni.n; /A) of the site for C,H4 adsorption on

each Ni-Sn surface.

NisSn(111  NisSn(001) Ni;Sny(101) NisSn,(001) NisSna(101)-2  NizSn,(001)-2
)
dini /A 2.669 3.789 3.576 4333 2.434 2.454

Table S6. The surface roughness (R) of Ni-Sn surfaces, according to eq. (6) in the

main text.
NisSn(111  NisSn(001)  NisSny(101)  NizSny(001) NisSny(101)-2  NisSny(001)-2
)
R/1073 A 8.27 7.28 34.79 29.92 14.69

22.83
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Fig. S30. Activity and selectivity of Ni3Sn and Ni3Sn, surfaces for the hydrogenation

of acetylene to ethylene plotted as a function of the surface roughness. The activity

f
and selectivity is measured by the values of = a and AE,, respectively.

Energy decomposition method

An energy decomposition method to quantitively analyze the determining factor of
the transition states of C,H4 hydrogenation on the Ni-Sn surfaces was used (Scheme
S1), which was previously proposed by Liu and Hu.5% 8% The energy barrier (E,) can

be decomposed into three terms, Ecops, £y and Ejy, as follows:

Ey = Econa + Ey + Eing (S3)

where Ecops (Ep) is the energy difference between the surface adsorption state of

C,H, (H) and the transition state without H (C,H,) and Ej is the interaction energy of
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the two reactants at the transition state. Ecyuy (Ey) can be obtained from the single
point energy of the transition state, in which only the species H (C,H4) was removed
without any structural relaxation. By using this energy decomposition method, we can
identify which one contributes the most among Econs, Ey and Ejy to the reaction

barrier E,.

Energy

Scheme S1. Reaction barrier (E,) decomposition, E, is decomposed into three terms:
Econg (Ep) is the energy cost for C;Hy (H) to move from the initial state (IS) to the
transition state (TS) without H (C,Hy). Ejy is a measure of the interaction energy

between C,H, and H at the TS.
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