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Abstract: The hydrogenation of acetylene to ethylene on the Pd(111) surface with point defect is explored by Density
Functional Theory (DFT). The results show that the binding energies of acetylene, vinyl and ethylene on the Pd(111)
and the Pd(111) with point defect are decreased as the trend of Pd(111) > Pd-fd > Pd-sd. The Pd-fd represents the point
defect on the first layer, the Pd-sd represents the point defect on the second layer. The reaction barrier of acetylene hy-
drogenation to vinyl is maximum on the Pd(111) surface and minimum on the Pd-sd surface, and the barrier of vinyl
hydrogenation to ethylene is also maximum on the Pd(111) surface but minimum on the Pd-fd surface. The result shows
that the presence of point defect in the Pd(111) surface promotes the activity of the hydrogenation of acetylene.
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Figure 1. Flat and point defect Pd surfaces. (a) Pd(111), (b) Pd-fd, (c) Pd-sd. The blue, orange, and purple balls denote the Pd in the first, the
second, and the third layer
[E 1. pd LBREMASMEREN/LALHE. () PA111), (b) Pd-fd, (c) Pd-sd. EFRAE—F Pd BT, BERNEZE Pd BT, EFkH
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Table 1. Adsorption mode, optimized geometries * and energy

characteristics for intermediates involved in acetylene hydrogena-

tion to ethylene on Pd(111), Pd-fd and Pd-sd surfaces

% 1. ZIRTE Pd(111), Pd-fd $1 Pd-sd RE LEUMEER 2 HT
REhaENmEPEEFNWMHER, JLWEE Q)MEESH

(kJ-mol™")
species  surface  C-C M-C®° BE°®

Pd(111) 1.368 2.016,2.277;2.045,2.215 215.11

C,H, Pd-fd  1.362 2.041, 2.247; 2.046, 2.238 194.89
Pd-sd  1.362 2.034,2.245;2.019, 2.194 183.06

Pd(111) 1.456 2.026, 2.029; 2.092 308.04

C,H; Pd-fd 1451 2.011,2.031; 2.086 289.28
Pd-sd  1.455 2.075, 2.020; 2.096 266.56

C,H,  Pd(111) 1.445 2.188;2.188 134.39
Pd-fd  1.460 2.099; 2.096 122.88

Pd-sd  1.447 2.189;2.190 94.56

‘A-B: JRT A I B ZIMBERS; PRS2 RINERE AL S C
BT CoH, (x =2~ &5 G iE.

Figure 2. Adsorption structures of C,H, (5*4%) on the flat and point defect surfaces. (a) Pd(111), (b) Pd-fd, (c) Pd-sd. H: white, C: grey. Other
figure is similar
B 2. CH, (*yH7E Pd B REM A 5MERE LARMHIE. (a) Pd111), (b) Pd-fd, (c) Pd-sd. BEBIKFRBRSHKE H BEFHM C BEF.
HApE M

Figure 3. Adsorption structures of C,H; (5'#%) on the flat and point defect surfaces. (a) Pd(111), (b) Pd-fd, (c) Pd-sd
3. G:H; (')TE Pd EBREMABIERA LAWMER . (a) Pd111), (b) Pd-fd, (c) Pd-sd
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Figure 4. Adsorption structures of C;H, (di-o) on the flat and point defect surfaces. (a) Pd(111), (b) Pd-fd, (c) Pd-sd
4. C;H, (di-o)#E Pd TBREN AREFRE LWWRMHE. (a) Pd111), (b) Pd-fd, (c) Pd-sd
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Table 2. Adsorption energies of C,H,, C,H; and C,H, on the
Pd(111) surface
& 2. CH,, CH;Fl C,H, 7 Pd(111)FRE LM EE(KI -mol )

CyH, C:H; CyH, B R EH
A3 21511 308.04 13439 1/4 5
Refl'"! 202 281 94 1/9 4
Ref!!"! 178 - 80 1/16 5
Ref”) 172 274 82 1/4 3

DFT 45 A ZAE 0.04 A 2 AP,

M 1T UE H O 5 R4 SRl BT
LIRSS ERE. RIS PA() R4 S Re R,
4 308.04 kJ-mol™', 5 Pd-fd Al Pd-sd &1 145 & RENI
43 P PG E] 289.28 F1 266.56 kI-mol ' 2473 5 &£ H
A RERAR A% PA(111) > Pd-fd > Pd-sd. 7E 1/9
BHE N, Basaran 2 ANV E RO N 281
kI-mol (% 2), ASCHIZEE N 308.04 kImol ™', W&
THIMESR.

¢) C,H, (di-0)

S U i RS R IR 2050 T 5
FLA di-o B AERS PAIDFRE L. 200
di-o #ERWL T ZE PA(111), Pd-fd #1 Pd-sd i i,
FAIRE TS5 MR Pd JE TR Pd-C #(E 4). &
I C-C BB K> B 1.445, 1.460 F11.447 A, C-Pd
BB AT AN 2.188, 2.097 F12.190 A, ASCHH
76 PA(111) R E 1) C-C BEEEKAESLIGME 1.42 + 0.09
AR VG

BRIV ATUEE, 2ES5RENEERILT S
IRHEN IR GG R L5 PA(111)ZR 255 Re
N 13439 kI-mol ™', 5 Pd-fd Fl Pd-sd RIHIHI4E & fie
23 B BEARF] 122.88 F1 94.56 kI-mol ™' 4S54 HEfIAS
fef#a% o Pd(111) > Pd-fd > Pd-sd, 5 Z IR 2511
AR E . fE 1/9 B E F Basaran 25 AUYAI
Moskaleva 25 AU 501 45 50 518 94 A1 90
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Table 3. Optimized geometries * and energy characteristics of TS in C,H, hydrogenation to C;H, on Pd(111), Pd-fd and Pd-sd surfaces
3. C,H, #E Pd(111), Pd-fd 1 Pd-sd EMEER C,H, FHTEAKJLTLEHR *A)FEEESB(KI -mol ')

TS surface E® ES c-C c-H* M-C¢ M-H?
Pd(111) 7.70 111.76 1.381 1.623 2.111, 2.256; 2.014, 2.240 1.609

TS1 Pd-fd 4.53 100.74 1.379 1.628 2.111,2.267; 2.017,2.243 1.613
Pd-sd —11.05 84.30 1.379 1.659 2.110,2.241;2.015, 2.190 1.597

Pd(111) —42.20 81.75 1.460 1.730 2.091, 2.084 1.597

TS2 Pd-fd —58.87 67.57 1.449 1.772 2.022,2.112 1.578
Pd-sd —49.93 72.98 1.451 1.727 2.088, 2.082 1.599

A-B, distance between A and B in TS. "Reaction energy E, for the case of co-adsorbed reactant species. “Activation energy. “Distance characterizing a bond that forms or

breaks during the reaction. “The C atom that binds to more surface atoms is listed first.

‘A-B: JRF AR B RIFIBE R CE, ARSI RRIRE; ©iEILAE: ¢ RN R L R B R s © PSR A S S B R R ARSI C IR

(@) CoHa('")—~Coba('n)Pd(111)

(b) C:Ha(7*n*)— C2Hs(n'n?)Pd-fd

CHa(’) + H TSI

C2Hs(n'n)

Figure 5. Elementary reaction for the C,H, (5#°4%) hydrogenation to C,H; (1'% on the flat and point defect surfaces. (a) Pd(111), (b) Pd-fd, (c)

5. CH; (') fE Pd FRRAHMRSRMERE_EMEER C:H; ('i)NETKM. (a) Pd(111), (b) Pd-fd, (c) Pd-sd
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(a) CoHa(% %)~ CoHy(di — 6)Pd(111)

NN

CoHy('P) +H TS2

CoHy(di— o)

Figure 6. Elementary reaction for the C,H; (5'5*) hydrogenation to C,H, (di-o) on the flat and point defect surfaces. (a) Pd(111), (b) Pd-fd,
(c) Pd-sd
B 6. C,H; ('n)%E Pd FRRAMRRIERE LMEER CH, (di-)WETRR. (a) Pd(111), (b) Pd-fd, (c) Pd-sd
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Table 4. Activation energies and reaction energies of Reaction 1*
and Reaction 2" on Pd(111)
% 4. Reaction 1° #1 Reaction 2" 7E Pd(111)FRE AL EEF R BB
(kJ-mol™)

Reaction 1* Reaction 2°

R BREH

ES EY ES E°
A3 11176 770 8175 —42.20 1/9 3
Ref[10] 87 11 74 -25 1/9 4
Ref[11] 80 7 81 -26 1/16 5

KA. BT R A R T BT C-H 8, Rk
BOIHHEFW C-C BIMKBRE LHEPN 1.445~
1.460 A, TERLVEA TS2 I, JEARTEWILGE ST =5
27 B H R 750 %) Pd JR T T4 b, i C-H 8
(SR HH AR RS A 2 B B 0 ) P i S R U1 22 ) )
PEESAN 1.727~1.772 A, 1£ Pd-fd 1 LKA 1.772 A,
7f Pd-sd T b &5 N 1.727 A.Pd - H #8KA 1.578~
1.599 A, A TS2 J5, BEE# C-H #IZE LK,
CH H: [ (1 S5 1 WAL B #2331 Pd 51 THA .

LIHFEINE N AE PA(111), Pd-fd Al Pd-sd 21
RN fE22 5 0N 81.75, 67.57 Al 72.98 kI-mol ',
SN el —42.20, —58.87 F1-49.93 kI-mol (% 3
FE 7). (£ Pd-fd 1] 1 5 B e 22 BT SR HH g
B . RUERME IS NTE RGO R A 22 1 (R I 3G 5 1
SN RER I RE ST, R 2068 3 I &UAE R 2045 S
EvEA T . 1/9 EiEE T, DFT iHHARKR
Nifig2e A 73~74 kI-mol™', RMNEUHIfEE N 25~27
kI-mol™ 'O, ARr R Nifigfa s i 52 4y, B
2 SN [ BE R A T IX e g . T 0 PR E
1/16 B, JeNifE£2 A 81 kI-mol ™', [Nt I AEE A
26 kJ-mol ' " 4),

4. Zhig

A ORI DFT % C,H, (x = 2~4) /1 [Al 447 Pd(111),
Pd-fd I Pd-sd I AT T R 7T . 3
RERFEGIN PA(11D)R G, CH,, CHs Fl CoHy 456
RERIAR LA SAAR F], B 7E PA(111)ETH &K, £ Pd-sd
T L. GH, (x = 2~4)4E A RERIE &3 — 5
i 2 R ISR B 2045 SRSE IR RE 22 o CoH INEAE A CoH
MR 22 7E PA(111)3RTH L& K, 7E Pd-sd FRIHI L 5e/h.
CoH3 INEUVE & CoHy HI R N RE 22 [FIFEFE PA(111)3R 1 -
K, {HARLE Pd-fd R LD, 5 CHy AR N A
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Pd-fd 1 Pd-sd R FIAEAFEERIBEE, FIAE
PA(111) s HRBE R TH b 2 & A 1 2005 1 R ¥ 4
BAFEFREE RS .

5. Bt

K E X E AR 4 22 (21103007, 21177008 Al
21075007). 863 IR (2012AA03A609), H 9 FRFHEA
BHIE 552 3/(ZZ123 1) 3CRF o BRI TR 5 M
LR EAE G SRR
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