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Fig. 1 Different local configurations on Pd/Au(100) surfaces
Yellow balls represent Au, blue ones are Pd atoms
The large and small balls represent surface and

subsurface atoms, respectively
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RIS

& 2 Pd/Au( 100 ) 2 [ 2,4 i F e W B 7
Fig. 2 Stable geometries of ethylene adsorbed on Pd/Au(100) alloy surfaces
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Table 1 C—C bond distance, the average distance of carbon and the corresponding surface Pd atom,

2.1.2 ZWAR (acetate) YIRHAYMRER  ARFTJEAI,
LRIy TAE Pd/ Au 5 G AL 22 I 2 i 5 T &
PRMR (acetate ) M. M it 25 J& 25 Bl n] RE 19 I B 44
B, AR5 1 PR AR E 19 A WG 5 (bi-
dentate) WEFFHATRY 12777 2L IRAR Y Bk SRR
TR RRAERR 1T Pd J B TR, 583 4 DU Wz
FEF AR 2B Au J 7 TUAL (41K (3a), (3b1),
(3cl)) 5 MRMATAEELANLA Pd (L0, LR
P 03 S R R S T LSy R RS A AH 48 A
Pd JFF UL (AN 3b2, 3¢2). AH L Y I B A 2
SRR RES T35 2 .

CEFEXIMN Pd RFEKFHEERR C—C #K

and adsorption energy of different ethylene on Pd/Au(100) alloy surfaces

Distance Adsorption energy
Model Geometry
depy/ A deo/A E,./eV
PdsnAu T 2.325 1.39 -0.68
™ 2.302 1.39 -0.73
PdinAu
20 2.244 1.42 -0.71
T 2.292 1.39 -0.79
PdislAu
20 2.215 1.43 -0.79

P 3 Pd/Au(100) 1 £ FRARY P A RS A2 % B g 72
Fig. 3 Stable geometries of acetate species adsorbed on Pd/Au(100) alloy surfaces
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% 2 Pd/Au(100) RTEH Z BRI FNIQE W MIAA B R IR B BE . B EREE SR FEXM Pd, Au JFFEAEER
Table 2 The distance between the carbonyl/hydroxyl oxygen and the corresponding surface Pd/Au atom,

adsorption energy of different acetate species on Pd/Au(100) alloy surfaces

Distance Adsorption energy
Model Geometry
d()(I—Pd]/A d()H—P(lZ/A d()HJ\u/A Ea(‘”/ev
PdsnAu a 2.176 - 2.310 -1.84
a 2.182 - 2.348 -1.88
PdfnAu
b 2.173 2.231 - -2.05
a 2.181 - 2.357 -1.89
PdislAu
b 2.188 2.219 - -2.11
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Kl 4 Pd/Au(100) 1 Z9 -5 L HRARY IR RE 5 JE0E B R 28 e 0k Ff g

Fig. 4 Stable geometries and their adsorption energies of co-adsorbed ethylene and acetate species on Pd/Au(100) alloy surfaces
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f¥) HOMO Ll X e Ay 5~ i R A B o sy, A A
THTARBPERT; T LUMO U8 X L 519 3 70 )
B, A TS R AP, X IR ILIE iR o) K
AT HARYE I, AEA s SO i e v e 3 A L B
TEH.

K5 9 L5 SRR R AE PdsnAu 11 Ff
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Molecular orbital energy level/eV
8 1

I
=
T

ethy acet ethy*@cat. acet*@cat. (ethy+acet)*@cat.

K5 ZH5 CIRARIRIAE PdsnAu 21 BF K2 305 B AijF )
HOMO , LUMO %38 GEZ¢E M AH R 1) HOMO-LUMO-gap {H
Fig.5 HOMO, LUMO orbital energy and the corresponding
HOMO-LUMO-gap (AE) of ethylene and acetate species before
and after adsorption or co-adsorption on PdsnAu alloy surface.
Ethy, acet, ethy " @ cat. , acet” @ cat. are ethylene and acetate
species before and after adsorption on the catalyst, correspon-

dingly. (Ethy+acet) " @ cat. is the ethylene and acetate co-

adsorbed system on the catalyst surface.

HIJ5 i HOMO | LUMO #iA R E. KA LIE
MM S SRR YR F E) PdsnAu i1k 7] %
Ifil)G, Moy 1) HOMO #iBRe Tt &, B AE )
W5 2064 1) HOMO $LiE 51 5 2k 2 HF-, LUMO
RESLIRAG, 5 W B A AR B I% L 25 5 15 58 i T
ZIRARY) R HOMO REZK 5 LUMO RE 7t =,
B 50 M ETAE e, H HOMO #iE T 5 2k L
T, 1M LUMO LB AR 8 xS 2 7. 0Lk, e
95 5 <0 TR AR 4 R R R T S 1 23 BE O TR BE R I
PdsnAu F P EAAE HI KR40/ T 9 Fi a1 fig
G2z WS iy EARECRIE AT UE 1, R
PR HOMO #1355 20 53 B 0 B e i £k 7
FIA R HOMO #LiE RE AR 423k, 1 LUMO #jH
5 AR YR LUMO #LEAE# ik, 456
HOMO , LUMO #Li& /)4 A & (Ul 6 fis) Al LA
I, 2% % B R R HOMO %03 3 B2l 36 1 W)
BB M o DTk, LUMO LB W] =22l L RRY)

LUMO

HOMO

Kl 6 PdsnAu £1f £ M5 CERARILI B HOMO | LUMO #iLiE
Fig. 6 The HOMO , LUMO orbital character of the ethylene and acetate co-adsorbed system on PdsnAu surface
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% 3 Pd/Au(100) REZ %5 ZE R H4AE K HOMO, LUMO #E 45K
Table 3 The HOMO, LUMO orbital character of the ethylene and acetate co-adsorbed system on different Pd/Au(100) surfaces

Ethy " Acet” (Ethy+Acet) ~ HOMO-LUMO-gap
Hodel HOMO LUMO HOMO LUMO HOMO LUMO AE
PdsnAu -4.557  -4.466 -4.631  -4.553 -4.598  -4.520 0.037
PdfnAu -4.547  -4.467 -4.643  -4.548 -4.587  -4.497 0.090
PdislAu-1 -4.569  -4.415 -4.667  -4.494 -4.539  -4.423 0.116
PdislAu-2 -4.506  —4.425 -4.667  —4.494 -4.601  —4.444 0.157

“Ethy and Acet refers to ethylene and acetate. The HOMO/LUMO orbital energies of molecule ethylene and acetate species are —
6.274/-0.445 and -7.269/-5.890 eV, respectively. The HOMO-LUMO-gap between the two molecules is 0.384 eV.

2.3 ZHEZBIRE Pd/Au(100) REK T ES

ooy T S-HLER 9 5 SR AR YR RE A
TN Bt PEAS G A AR RE 2 B KN, X T
i 32 S BB A2 S0 3 58 PR 5 e PR 3K 2
RIHE ).

S BRI R A IR 6 14 ) (Initial State) , 3 P
#3 A ( Transitional State ), 1 [a] 7= 4 #4 %! ( Final
State) M IZHFE A HEIC W TG LR 2 A 7, 8, 9
.

e ¢
e [ 8 PdinAu 4216 245 Z FRARA £ 26T IR 0 i &
!l\ Fig. 8 Potential energy profiles for the coupling elementary
!-’! \"-\' :g 2 reaction between ethylene and acetate on PdfnAu surface
iii’ R Zm ‘AGN
_,!" Ea=1.10 eV pdl g
¥«
o¥/
IS TS FS

7 PdsnAu 18 L5 LA & S0 RN RE 24

Fig. 7 Potential energy profiles for the coupling elementary

! Faz137ev

| Ea=1.67eV W
a

reaction between ethylene and acetate on PdsnAu surface
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&quﬁﬁ%\lﬁj MBI WA R, R AU, K] 9 PdislAu 251 2,5 15 2 AR A A 5L TT I e 5t i 26
J& VAH ] =) Fig. 9 Potential energy profiles for the coupling elementary

TS FS

reaction between ethylene and acetate on PdislAu surface
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DFT Study of the Catalytic Reactivity of Pd/Au(100) Alloy Surface for
Vinyl Acetate Synthesis from Acetoxylation of Ethylene

HAO Qiu-feng, ZHANG Min-hua, YU Ying-zhe "
(Key Laboratory for Green Chemical Technology of Minisiry of Education, R&D Center for Petrochemical

Technology , Tianjin University, Tianjin 300072, China)

Abstract: A density functional theory (DFT) study has been conducted to investigate the catalyst reactivity of Pd/

Au(100) surface, which is well performed for the production of vinyl acetate ( VAc) from acetoxylation of ethyl-

ene. The adsorption and co-adsorption properties of the key reagents as well as their coupling reaction were calcu-

lated and discussed. Ethylene species are weakly chemical-adsorbed on Pd/Au(100) with - and 2¢- configura-

tion ; while acetate species are strongly chemical-absorbed on the surface with Pd-Au and Pd-Pd bi-dentate configu-

rations. As the number of first-neighbor Pd atoms decreases, the molecular orbitals of the two reagents become clos-

er due to the adsorption of the Pd/Au(100). The gap between the highest occupied and the lowest unoccupied mo-

lecular orbital (HOMO-LUMO-gap) becomes larger in the co-adsorption system, which implies that the electron

transfer from HOMO to LUMO becomes more difficult. Energy barrier results of the elementary reaction are in good

agreement with the previous molecular orbital analysis, demonstrating that more first-neighbor Pd atoms on Pd/Au

(100) surface is not favor of the VAc synthesis.

Key words: vinyl acetate; Pd/Au(100) ; surface reactivity; DFT



