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fif i H, FIERFFAYS O JRF, CO &L T CO,, M
([0 %) W A AL S Bei W =: s A N T B X A e
WGSR 1 WAL AR AE— 2 4RI, 75 ZEHE
SCIIF ST A E— AN FE. SO A e LA FIORT R AR
S 3o A AT BE AT AR A AP AR A P, X s
AT DL I PSR S . B — 7, R AR
S WGSR ) SCHRRAE 5 H AL, (H 2
B 7E & R 4R o 6 4R A 4 R A R R TR F 9T
PR A R AR A I 5T A e AL R S
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Fig. 1 Top and side views of Cu,O(111) surface used for our calculations
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Fig. 2 The stable structures, corresponding parameters and adsorption energies of spices on Cu,O(111) surface

The bond lengths and adsorption energies are given in A and kJ » mol™.

[ PS: The same color scheme is applied in following figures |
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Kl 2(a) MK 2(b) B, CO S FHEESLL C Ik
BT Cugs A2, 1 H,O 43 T3t O J5-7-W 31
Cugys T2 1, Cu,O(111) HIXT CO BB RE (118 kJ -
mol ™) B i K F H,0(88 kJ - mol™") ; H,0 4T Hi &
R O—H S T 32 BRI Oy M52 B I
K, Wi — R R O—H K AR LR
B, e C—O0 KA Bk (A h s
i H,0 #1 O—H ##K4 0.972 A, €O 4»F C—0
RO 1.143 A) , XEBRSE H,0 074 CO 43 FIE
RS, ST F Co, Fl H, , HWFRES 51
11 F129 k] - mol™, YW BRI, KB CO, AN
H, 737 I\ Cu, O (111) FRHBEES, XA F) T4
EFVEPEEME T ; X T rE R, O JF+ ry s Ek
B R 3Cu A2, nE 2 (e) Fi7s, Bl O 55— Cugy
FIPHA Cucg, HIERE, WHHAE 256 kI - mol™; OH
B AR R R Cugys B2, LA O Ry 25 fish i i
R T Cu, O (111) M, £HOCu=110.2°, 40
B 2(f), O—H # K AWk Bt fE 43 518 0.975 A 1
292 kJ » mol™"; H J&F M FAEW B A7 R Cugys 7,
AT Oge 7, X5 Zhang 2512 R 45 AR
MATIAR H R FIAE Ogyp D7 RARE , Cugys 12
W, i FRATHY Mulliken B 76 4347 AT 60, W2 B RG
Cugys A Ogype Fr 1 Mulliken HL A7 43550 J2 0. 244 F1
-0.519; Wt H 25043504 -0. 054 F1-0. 478,
W RS Cugys F1 Ogyp B 23 50155 B2 HL 17 - 0. 298 F
0.041. HILAT UL, Cupys B Oy KA T B ZHYH AT

RS, BRI H R A I RR U PR b
H 7E Cugys 7 BYWZ AR Ogyp 7 BI5R.

R AR HCOO 7E Cu,0 (111) 1A M Fhfa &
FRE 43 AR A B TE A 78 B R AR (mono-HCOO)
FIUUUE 57 8 F R AR (bi-HCOO ) , i 5 A6 50 3 531 L 1%
200) ME 2(j). HEARPE —4 0 JRF 5K
WRE RAVER, MO EA R O i34 5%
Wi R AR, B R RE R 233 kJ - mol ™,
JEE W B Z E K, A 277 kJ - mol™, KL bi-
HCOO HIZ5HLE Cu,0(111) 1 b mono-HCOO %4
FE. REE COOH 5H R HCOO MRSk, H
TE Cu,O(111) R F WA PIFFEM AL, 43 3lhRic
FIMRFRIE (cis-COOH ) Fll 2 R (trans-COOH) |
mE2(k) . BI2(1), EAT3LL C i A 42 fi 250 B
F Cugys P71, cis-COOH &5 F4 iy W% B fE (212 kJ -
mol ™) M trans-COOH 2% ¥4 1) W [ i€ (204 kJ -
mol ™) W17, DRI LIX AR R B A U AE Cu,0(111) £
T Ay 55 4 AE L.

2.2 CO+H,0 7 Cu,O(111) 3K A £ 0 Bt P Fb

PRI WGSR B BB HLER X4 W B e 25
WY H,0 5 CO Zr TRy LM kAT T0F5E, %8
7 LH F1 ER WAL B A DU -4 3 AT RE A7
FER R AR, FRATTAY & T 2 AT e A g e A
HEERT R FER trans-HCOOH |, = FF ER cis-
HCOOH H1 HCOO---H 3 A5 R iy [ 4 ( WLIE 3).
3 ol e ] AR #5g J  ak H 5 3 O g T B T Cu 107

1.203

1.100 p
g

(a) trans—-HCOOH(1)
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(b) trans-HCOOH(2)
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Fig. 3 The stable structures of the spices formed by CO+0, coadsorption
trans-HCOOH( 1) ; the structure formed by CO with dissociative H,0; trans-HCOOH(2) : the structure formed by CO with
molecularly adsorbed H,O; HCOO---H: the structure formed by CO with dissociative H,0; cis-HCOOH  the structure

generated from trans-HCOOH(1) or HCOO---H. The values in square brackets denote Mulliken charges.

The bond lengths and adsorption energies are given in A and kJ + mol ™.

HCOO--- H H [a] 1& 1 W B 5 5%, HWR A trans-
HCOOH, c¢is-HCOOH 1 W Bl #% 55. H: P, trans-
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(1) ¥ BRI B BERS K 5 kT« mol ™. 3 3 43 BT P &
Rz a] LU A P, B F trans-HCOOH (2) Hf O—H
HEESEIT Cu, O(111) FR A Ogyp 7, O—H F Al
KAFLEEL 1rans-HCOOH (1) HrEE IR, PRI Fe AT 4
trans-HCOOH (2) 3% trans-HCOOH (1) & 5 fit 5 &
R AR HCOO. F5E |, trans-HCOOH (1) | trans-
HCOOH(2) Fll ¢is-HCOOH H. A [l 43 S ¥ 44 | J T Y
HERITELGE R FEW, trans-HCOOH (1) Z5 44 1] L)
%I cis-HCOOH 549, TEAHIY e L 2.3.3 7
MR B 2 3 345 | trans-HCOOH (2) 1 C—H Hi
O—H FAEEL 53 )M 0. 88 F110.59; T cis-HCOOH
ZEFH Y C—H A O—H B A543 M 0. 79 Al
0.50. XUV, MFPE5H ) C—H f1 0O—H
B AL EON T, H cis-HCOOH 25 W i) C—H
FO—H B 1958 3955 trans-HCOOH (2) B /)N, R
cis-HCOOH ) C—H F1 O—H %t () il St 5 Jo B 55,

X SR KA A Hf, cis-HCOOH H C—
H §EF O—H #4455 trans-HCOOH (2 ) B2 55 Wi 24 |
A FITF cis-HCOOH HE—2 0. 48K, X
SRR ST R A PR,
2.3 WGSR 7£ Cu,O(111) EHI R M AL IE

BT R MRS, FRATIFE T WGSR 1Y
AR FALEL | RELHLIEA P ERARALEE 3 Fp LAl (1Y
VLB, o AERR LB 5 R T LA O A A
H,0 fENRIIRES, Gead— R 900 I v fe 242 1% O,
FIH,. IE4h, HRRHVLELA % E T L CO Ml H,0 4
T LM BPE AR GR ARG O X T4 CO HiES
SRR, [FE %8 T ER A1 LH PR S %
. PO SRR, (o) RERAE, Ok
R B RIS TR
2.3.1 EALAREHLE R 1A T /AR
v £% T SN I 1 Ak RE B R R AR R T AT i

F1 WGSR BZRENEFEVER T EPEETRMNELLE(E,) MRER(E,)

Table 1 Activation barriers (E,) and reaction energy (E,) of elementary reactions of WGSR Redox mechanism

Step Elementary reaction E./ (k] - mol™) E./(k] - mol™)
(1) H,0" - OH" +Hg_ 49 33
2) OH™ +Hg — 0" +H,(g) 254 205
or: OH™ +Hg =~ — 0" +2H;_ 187 145
(3) 2Hg .~ He, o + Hoy 96 -70
(4) He, o * Hoy, = Hy 62 -6
(5) CO(g) + 0" —CO; 114 -239

FNEHLERL L 43 7 W BfF ) H,O0 I IRAS, B AN [ R
AT 5. 81 BTN R H,0 1fFE,
fREAL T TR 49 kT - mol™ MUREZR, MRESFEAEI H
JRF IR Oge 7. B, H,0 57 Cu,0(111)
IR AR ES ) X Mishra 28 WS AHTR]. 55 2
RN OH B 43 i, FRAT5 08 T WA 7 il B A% .
—J& OH S5 WM H O A W i O RIS H,,,
FEARHY O JET W RAE 3Cu i 2 O—H 4§ & A B
24, R R O BT H R, O BT IR B AR
3Cu i, W24/ H T WIIREHEE Ogye 7. PN
I TE AL BEERAR 5 (254 vs. 187 kJ - mol™), AR
7 15 FE AR (205 vs. 145 kJ - mol™"). AL, OH 3
R0 7E Cu,O(111) 1 F AR MEREAT Y. 55 3 4
FICR N H R FiER, H B Oy, MiE# 3

Cuys P EEMT — A KAIHER (96 k] - mol ™),
BN R R R, B B AR 70 k) - mol ™
U H e R AT, ZE P H RF R
Tt — N EAR A AE R (62 kI - mol™) BI AT 45 598
B H,. e, W O JRF1T 5 CO 4313l
it ER SR A A 0 B CO,, N RE 22 K
114 kJ « mol ™, H N iy BE AR AR, ik Hh i #4 5oh
239 kJ - mol™'. 2.1 RS RIAL, H, Fl CO, 1
Cu,O(111) FRIE R AR 55 () Py BRI, R7E 2 M3
TR, AT ARG A L0 70 R R A . 28 1 Prads
WGSR 7E Cu,O(111) FR1 b 1 & AR JEALEL H 46
2 4 OH 1RXES AN AT AT

2.3.2 RAENH  HEALCJENLEAERE], RIEHL
B LAWY H, 0 fE N RO RES, 55 1 25 O
[FIFER H,O By 5. ARBYE, 55 2 2R A CO
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5 H,0 /% s OH KW A Y cis-COOH , #2 F &
cis-COOH 25 ¥4 it — 25 8 25 il [6) 43 S W AR 1Y) trans-
COOH, #RJG &4 trans-COOH Y43, TS

CO, FIMZRRF ) H 5, MR 2 A~ HJBT RO A
YIBRZ Y Wy, S8 AR I N R, B 4 45
T cis-COOH % AT 1) A= B i 42 16, i B4 7] DL

(a)

2.736 0.987

1.151:- !.'bA)//um

. )
. ‘ 1.493

(b)

CO* + OH* + H*

cis—COOH* + H*

A
]
I
|
Y

CO* + OH* + H* — cis—COOH* + H*

Bl 4 B eis-COOH A1 S s 1 el
Fig. 4 The reaction profiles for the formation of the ¢is-COOH group

(a) ER mechanism; (b) LH mechanism. The lengths and energies are given in A and kJ * mol™

CO 5 OH Riw]i# it ER HLHH AT 3@ LH HLEE R
A BfE Y ¢is-COOH. ER ALE A (LK 4 (a)),
CO 73 F M EZS g2 33 OH JEHT, I Cugye—
O i, i 2 i 4 mm by 2, JB T R (cis-
COOH) , SOW AL Bk i — B AR A BE 22 (42 KJ -
mol ™), TN 42 kJ - mol™. LH HLEL( WL 4(b) )Y
R FES ER FEARKRL, HIERIIFLGE, CO

OH LW R T Cu,0(111) K. AHLL ER HLEE, LH
PUHL TS EE T A RE 22 T 1 (149 kJ - mol ™), HL Y
KRS, WA P 64 kT - mol . R, X
F ¢is-COOH M4 p, ER HLERAE LH HLERE JA F).
HA b, BATEFEILT CO 20 TH H,0 20 TAE
NI A A L COOH FEH B 1AL, (RIS I
53] COOH M, M %3] Cue—CO+04,—H,0
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S &
H & 2 (k) AT, cis-COOH 45 ¥ i) H IE 55
Oy D7, XFPETHGA M T cis-COOH o O—H §E (1Y

Wrad, FRATHEM X PSS AR ME . S92 b, i
BIALERMEMW , cis-COOH 43 A AL CO, 1 H
(1) 51V BE 42 =5 3k 323 kJ + mol ™ (WLEEIS (a) ),

(a)

(b) 1217

cis—-COOH*

cis—-COOH* — trans—COOH*

trans-COOH*

trans-COOH* — CO,(g) + H*

Pl 5 cis-COOH JEA53fift () | cis-COOH HEH 0] trans-COOH JEVF: 7% (b) Fl trans-COOH HePH 5% (o) 1 SN A2 1]
Fig.5 The reaction profiles for the dissociation of the cis-COOH group (a), the transformation from cis-COOH to irans-COOH

(b) and the dissociation of the trans-COOH group (c). The lengths and energies are given in A and kJ + mol™

AW A NE5H B A, X F cis-COOH, trans-
COOH #EL (WP 2 (1)) H i H JR T I Oy
ff, XFPEEAPEEAE F) T trans-COOH By — 2553,
O FRATIRIE T cis-COOH —>trans-COOH 1 4514
At A, K S (b) AT, ¢is-COOH JEH 28 O—H
BERASH trans-COOH FEH], W HE22AUH 46 k] -
mol™ |, X A /N BE 22 A Fl T c¢is-COOH —> trans-
COOH 4y B 5 A% 35 B R g itk — 20 B B trans-
COOH y73fi#, MKl 5(c) mlHn, fifid #r, Cu,0
(111) F M _EW Oy JEF 5] trans-COOH 1) H
JEF, fi O—H W%, 298 AR COo, FIK
BRHE H B, %5 i RN AR B TE AL BE L HE cis-
COOH 4 ff s AL BEIRIF 2, AU 63 k) + mol ™. I
Jei %A RN 5 SRR JEALER A5 (3) — (4 ) 2 AT,
REAR, WGSR MR ILHLHLE Cu, O (111) F1i L&
AT, PR VAL IR RE 2, AR LG H

(IERS ISR s A, IERERE22 0 96 k] - mol ™.

2.3.3 HERHLEE P S R B A A 5 45 SR T
CO 5 73 W B sl ik 25 W B 9 H,0 L2 B 7T 8 1
trans-HCOOH (1) . trans-HCOOH (2) Hl HCOO---H 3
Rl a iR, 7EHE W BRARPLELZ A, FRATEHRITX
3 Rl AT B B, X AR b ) A, Y%
TATREM T A SN A%, 45 ER A1 LH MLBEE. 3£ 2
O34 T A2 8 trans-HCOOH (1) | trans-HCOOH
(2) F1 HCOO---H 1% Al GE [ A% K AH IV 19 1% 16 BE i Js
M XF T trans-HCOOH (1) WA, ZEFRATTHT %
JEI) 4 FRTTREREAE T, path 1(a) A1 1(b) B4 20T
’/ﬁ‘ﬁg, 1] path 1 (¢) A 1(d) Z:ﬂ‘ﬁ?, YL trans-
HCOOH (1) AT il 4 CO 57 550 4 H,0 £
ARG, WIAREE L CO 5 F B H,0 /EHI4:
. HE—25Hr2 2 opath 1(a) F11(b) B EHE AT
I, path1 (a) F 5 B9 76 fL RE AR , AL 23K -
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2 X trans-HCOOH (1) | trans-HCOOH (2) 1 HCOO---H HEERIiELEE (E, ) R R (E,)
Table 2 Activation barriers (E,) and reaction energies (E,) for the formation of trans-HCOOH(1) ,
trans-HCOOH(2) and HCOO---H intermediates.
Path E./(kJ - mol™) E./(k] - mol™)
(1a) CO(g) + OH" + H" — trans-HCOOH " (1) 23 -46
(1b) CO”"+ OH" + H"* — trans-HCOOH " (1) 129 63
(1c) CO" + H,0" — trans-HCOOH " (1) 173 95
(1d) CO(g) + H,0" — trans-HCOOH " (1) 182 -14
(2a) CO* + H,0" — trans-HCOOH " (2) 153 90
(2b) CO(g) + H,0° — trans-HCOOH " (2) 187 -18
(3a) CO"+ OH"+ H"— (HCOO---H) * 128 -17
(3b) CO(g) + OH" + H"— (HCOO---H) * 231 -123

N R HCIR WE (=46 kJ - mol™ ) ; path 1
(b)l@?ﬁﬁﬂkﬂ% A2, THABBEN 129 k] - mol ™',
H WA R (63 kI - mol ™). fREIR, Nig
MR 220728 J27 1) path 1 (a) % path 1(b) 5
Ayyittr, B, ER AR LH ML AT F1]. Xt
T trans-HCOOH (2) Hrfalf4, FAMLH & T CO 541
TR H,0 VEF (W2 2 W path 2(a) AT 2(b) ),
R I path 2 (a) 8¢ path 2(b) BEOAATH], iy 52
#3153 kJ - mol™ HYREZE, A 90 kJ + mol ™' ;
e SR AN, [HREZ 5K 187 k] « mol ™,
AFT RN AT, HCOO---H ek (W5 2
path 3(a) H13 (b)) N2 iE it CO #I H,0 fift &
W) OH FEHAI75E], KB path 3 (a) T 2w IR HE2:
Lt path 3 (b) K132, GE2 4510 128 F1231 k] -

H M AT 400, trans-HCOOH (1) F1 HCOO---H

mol ™",

mol™"'. H

WIRR e B R 8 1 CO SR W B Y H,0 S A
A, T trans-HCOOH (2) M23# 15 CO 543 F W [
H,0 S A= . b3 & I I g I A2 1Y fE 22 K
Blirans-HCOOH ( 1) " [a] 1K e 25 5 A2 i, HkKh
HCOO---H, trans-HCOOH (2 ) Fe XA k.
IEGFRATAE 2.2 53T S , trans-HCOOH (1)
I HCOO---H 4547 OH [ iy H BRI Oy, N1%EL
I R EOREE AR MESE— 2L 40 A2 L CO, FIH,, fig
2% 9 B ik 322 1 216 kJ - SR,
HCOOH (2) Fll ¢is-HCOOH Z5#5 K OH |/ H B 5%
ST, FFAFRAT% & trans-HCOOH (1) 1 HCOO---
H X P Fr 45 44 43 51 %% A6 B trans-HCOOH (2) Al
cis-HCOOH Z5#8) SR J5 Pt — 20 73 il I SN i 8. 3R
3G T A S5 G AR I BN g 42 M RO R, FR AR 3
Al 1, FECu, O (111) F 0, trans- HCOOH ( 1) Al

-1
mol ™. trans-

% 3 Trans-HCOOH (1) 1 HCOO---H 51343 7 [6 trans-HCOOH (2) # cis-HCOOH
HEMRTHRNEESR(E,) RN (E,)
Table 3 Activation barriers (E,) and reaction energies (E,) of the structure

transition from trans-HCOOH (1) and HCOO---H to trans-HCOOH(2) and c¢is-HCOOH on Cu,O(111)

Path E,/(kJ - mol™) E/(kJ+-mol™)
trans-HCOOH " (1) — trans-HCOOH " (2) 5 -6
trans-HCOOH " (1) — cis-HCOOH " 59 1
(HCOO-+-H) " — trans-HCOOH * (2) 91 63
(HCOO-+-H) * — cis-HCOOH * 110 80

HCOO -+ H ¥ 0] LL %% 7% jif trans-HCOOH (2) Al
cis-HCOOH 254, %:Hb | trans-HCOOH (1) —>trans-

HCOOH (2) e i R 7 it — MR/ RE22 (5 k) -
mol™), MM F A KN, H N A R,



e B Cu,O(1T) REFK T LI B T8 s61

trans-HCOOH ( 1) —¢is-HCOOH [z i ) fig 22 IR A~
=, AN 59 kJ - mol™'. AXFTF trans-HCOOH (1)
I AR, HCOO---H #7485 trans-HCOOH (2)
il cis-HCOOH AH X ¥ 8, B 22 7351 2 91 A1 110
kI - mol™, {H H:fE 22 {8 175 7€ J I W] 3% i 1Y 31 ]

ZW.

FH R AR AL EE U 43 3] LA trans-HCOOH (2) Fll cis-
HCOOH ¥l A R N W1 IR 24, BRI 46 245 53 501l 7%
T AR RN ) 422 i W A [ ) B A, DL I
6 FIE 7, e 245 ] CO, FTH, . 24 LA trans - HCOOH

(a)

(b) TS1

mono-HCOO*

’/F\ mono-HCOO* + H*
Y

CO,(g) +H*

trans—-HCOOH*(2) — mono-HCOO* + H* & mono-HCOO* — CO,(g) +H*

€1 6 trans-HCOOH (2) JE—SEAMIE M CO, I H, 1) 1 2
Fig. 6 The reaction profiles for the further dissociation of trans-HCOOH(2) to form CO, and H,

The lengths and energies are given in A and kJ + mol™
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(a)

0.750 &~ 1.169 :'

(b)

cis—-HCOOH*

bi-HCOO* + H*

CO,(g) +H*

bi-HCOO*

cis-HCOOH* — bi-HCOO* + H* & bi-HCOO* — CO,(g) +H*

17 cis-HCOOH #E— I3l i CO, Al H, SR e A2 8]
Fig. 7 The reaction profiles for the further dissociation of cis-HCOOH to form CO, and H,

The lengths and energies are given in A and kJ + mol™

(2) AWIGRASET, %W i A O—H Fl C—H 4 B SN I HEAT. trans-HCOOH (2) 19 6] 42 43
()[R B BT 24 B2 4 AR B CO, AT H, MRB &S s MRERARILIE 6(b) , trans-HCOOH (2) e85 TS1 Wi
266 kJ - mol ' (WL 6(a)), MM EHGEAAF T R O—H &, A W mono-HCOO FNZKT ) H



L] B RS Cuy O(111) MK B4 S B LR Y BB BT 5T 563

JEF. XA AE AN 26 K - mol ™' $E ROk A
B mono-HCOO &A1 2: 7 TS2 W% C—H 4, 15
AR CO, MMM H JF T 3% 50 o 5
A EEAAE22 (109 kI - mol ™) 3 TR A A Y
BN 58 AR IR AL ER A 55 (3) = (4) 2B AT (L&
1), & H, INFTH MR 2N B 28 3R A
N, PG 18 k) - mol ™. X BEHUHE 2 B %
RN AR JRETAT Y, o TS2 MY RE &2 f e, UL
mono-HCOO I ff B3 A 4 A SO ()4 20 3R

Y5 trans-HCOOH (2) AN[Al, ¢is-HCOOH (1) & %
SrEBEARIE FIAT Y 5 IS AR A bi-HCOO, F
— 51 bi-HCOO FERTE AL CO, F1 H, A% 57
FEAEANTIAT. W 7, R/ R RE & — AN B/INMWE
(35 kI = mol™"). BRI, X FJ5#, BIRFE LRI
(cis-HCOOH —bi-HCOO™ +H" ) IR 25 5 ¥E4T, fE 21X
15 kI - mol ™, {HIEZE 28 KW (bi-HCOO™ —CO,
(g)+H") RMESAT, HBEL ik 315 kJ - mol ™. 1]
UL, trans-HCOOH (2) B [B] £ 73 fi# Fl cis-HCOOH 1)
IR P RRARYLEE A T 15 A, HE#E
ARG AT, X 5RATTE 2.2 WAL P T
ekt —.

ZEA LA EAYHT, 1E Cu,0(111) fi#4k WGSR 1Y 3
P EALEE A LS JEALEE T OH 3 14119 43 fift
T —MEE R RE 2 MR A AT, REMLH A
FRARMLERS AT A7, HAp R IE 0 ) s i 428 Hp
HFEITTR T

(1) H,0" —OH™ +H;_ E =49k - mol™
(2) CO(g) +OH" — cis -COOH" E,=42kJ - mol™
(3) cis -COOH" —> trans -COOH* E,= 46 kJ - mol™
(4) trans-COOH" — CO,(g) +H;_ E,= 63 kJ » mol™
(5) Hog, +Ho  —Hg,  +Ho Es=9kJ - mol™
(6) He, +Ho —Hy Eg=62kJ + mol™
(7) Hy —H,(g) E,=25k] - mol™

F R AR ML LA AT 1) ) BN B A2 PP 2 ST ORI R
(1) H,0" —OH" +H,

Osur

E,=49Kk] - mol™
(2) CO(g) +OH" +Hg_ > trans -HCOOH (1) £, = 23 kJ - mol”
(3) trans-HCOOH" (1) — cis -HCOOH * Ey;=59 k] - mol™
(4) cissHCOOH® — CO; + H,(g)

MEESE AT, HRRAR HLER R BEHL B Sy
AR, HF A E L YR trans-HCOOH™ (1) —>cis-

E,=35Kk]- mol™

HCOOH", HAELU M 59 kJ - mol™ 5 T 5 3 145 3k
ACURIN K H T8, I RE2 N 96 kI - mol ™.

3 &ig

K GGA-BLYP (W73, il iR HLIS
X Cu, O (11T ) A Ak 7K R A2 46 s 7 7 s vy B B8
AT TGS, FRATT % R 3 R i ALEE A, R
WAL A F], RIEHLBK 2, AR JEHLEEAR
AT, B FRARAILEE R R FEAILEE A4 A 1) S 1 % A2 34 4R
T H,0 5 F 1R E, S HE& R 49 kI - mol™'. X
FREHLHL, RS, CO HE OH 3 [ B JE L cis-
COOH, JIVifig&a k42 kJ - mol™. I L cis-
COOH 5 trans-COOH J& F [ 43 A A, M 25#4 I
FH,JGHEMK O—H #H i H R 5 A7 & i
Cu,O(111) 1w, MIA FIFJ5 & 05 k. Hit,
cis-COOH Z5 #4944 i — 20 5% 28 Sy trans-COOH 45 4,
HASREL K 46 k] - mol™. ZJ5, trans-COOH %5 #4)
FHERAT 63 kJ - mol™' HYRE 22 /A URAS ) CO, FI
MR H T, fe e, WASIRE Y H R T e E R
JEE A Hy. H TR R LU A 4 A IR
REL2ANET, 96 kJ + mol ™.

XFTHRRARMLEE, #2772k CO 5 H,0 fif B4
() OH Al H 1 H s i — N/ MR BE 22 (23 kT -
mol ™) B 0] 2E B trans-HCOOH (1) Hr[al{&, % i [a]
K AT i — 2D K0 T AR 1 trans-HCOOH (2) il cis-
HCOOH Wifh 45ty , iR ae22 435k 5 159 kJ -
mol . HHEE AT Al A1, cis-HCOOH Z5#4%5% trans-
HCOOH (2) 45t 545 5y Jc = C—H F1 O—H $H# i1
2 TN I U S A A R R S T X AL cis-
HCOOH W B #z 4 fi#  CO, 1 H,, e &L N
35 kJ + mol™". trans-HCOOH (2) ) B #2277 it B A2 A
AT, M4 M trans-HCOOH ™ (2) —mono-HCOO ™ +
H"—CO0,(g)+H"+H"—>C0,(g)+H, " —>CO0,(g) +H,
() M TE) o) fff AR AT AT I, SO 0L T 7 ) e i e
2270109 kJ - mol™", ¥ cis-HCOOH " —CO, * +H,(g)
FLR e, R, R AR ML EE A A O s g AR R
H,0"—>H" +O0H"; CO(g) +OH" + H" — trans-
HCOOH " (1) —>¢is-HCOOH * —»CO, * +H, (g) —CO,
(g)+H,(g). ZIEEYH L IE trans-HCOOH ™ (1) ¥%
A5 cis-HCOOH ™ [ 2, 1EALAEN 59 kI « mol ™.
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Reaction Mechanisms of WGSR Catalyzed by
Cu, O(111) ;. A Theoretical Study

LIANG Sheng', HE Qiu-yue’, SUN Bao-zhen' >
(1. School of Chemistry and Chemical Engineering, Guangxi University, Nanning 530004, China;
2. Department of Physics, Laboratory of Computational Materials Physics, Jiangxi Normal University,
Nanchang 330022, China)

Abstract: The detailed mechanisms of water-gas shift reaction (WGSR) on Cu,0(111) have been investigated by
periodic density functional theory ( DFT). Three typical WGSR mechanisms, i. e. , the redox, carboxyl and for-
mate ones, are explored. Our transition state calculations reveal that the carboxyl and formate mechanisms are both
viable for WGSR on Cu,0(111) ; but formate mechanism preferentially operates. For the formate mechanism, the
most feasible reaction pathway is H,0"—>H"+OH"; CO(g)+H"+OH"—>trans-HCOOH (1) —cis-HCOOH"—CO, "+
H,(g). The rate-limiting step is trans-HCOOH" (1) —>¢is-HCOOH", in which only a moderate energy barrier
(59 kJ + mol™) needs to be overcome. When WGSR takes place along the carboxyl mechanism, the most feasible
pathway is also started from the dissociation of H,0. But next, CO(g) +OH"—¢is-COOH" —trans-COOH™ —CO,
(g)+H". Finally, the formed H atoms occur migration and then react to form H,. The migration of H atom is the
rate-limiting step. The barrier involved in this step is 96 kJ « mol™'. The redox mechanism is unfeasible due to the
high energy barrier of OH dissociation (254 vs. 187 kJ « mol™").
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