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KH GGA-BLYP Ji ik it B RIH CO 40 T4 | SRR MR SR TR 1. R 1 Al 0,
GGA-BLYP M+ B E T L5 {E. [F#E, X Cu,0 Table 1 Bond length (d), bond dissociation energy

SRILHIAEAT T DA, ORI S 3 50K 0. 4430 (BDE) and stretching frequency (») for
nm, 52%\{5(0 4270 nm''’ )*HJE 8 BH A S g% free CO molecule
i GGA-BLYP J5 ¥k KA XS HUZ T HERY. Method de_o/nm  BDE/(kJ - mol ') v _g/em”!
2.2 CO/Cu 0( 111 ) u})-“;ﬁ GGA-BLYP 0.1143 1091.24 2128
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M4 (W) B RS CO A3 FFAT T Cu,0(111) Fifif, J, M2 4 CO ' C 5 Cucg M1 O 55 Cugg, 19
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M2 1 CO MRFFFE Cuy B R AT BISEL AT LI, CO LA C 3] T[] Cugy T ELAEM ( =
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Fig.2 Different adsorption model of CO on Cu,0(111) surface
(A) M1; (B) M2; (C) M3; (D) M4.
Table 2 Predicted geometrical parameter, the adsorption energies and CO net charge for M1

adsorption model at the four selected sites

Adsorption site de_x/nm de_o/nm o/ (°) qco E ./ (kJ - mol~")
Cueyg 0. 1841 0.1148 179.10 0.386 162.37
Cuegy 0. 1865 0.1152 176.70 0.297 56.79
Ogyy 0.3205 0.1142 98.96 -0.009 60.48
Ogp 0.3869 0.1153 118.98 0.356 75.61

# dc—0)y, d(c—x), @ and g¢q stand for the C—O bond length, the adsorbed distances, the angle between adsorbed site and CO molecule

and the net charge of CO after adsorption.
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Fig.3 M2—M4 adsorption model of CO on Cu,0(111) surface after geometry optimization
(A) M2; (B) M3; (C) M4.
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G Cuge i T2, B CH,O 78 Cuy O(111) R IEXAFLE Cugys M1 Cugg, 7 ERPIRIIR R, 3 44
T CH, O 7EX WSR2 EREER ALY d o, de, o, o, Ey FIRKHE CHLO BT (g ) -
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No. 6 FHAF. COA CH,0 £ Cu,0(111) & &R M 45 M 2 3k ok Mo 2 BF 7 1249

Table 3 Geometrical parameter, the adsorption energies and CO net charge at the adsorption sites

Adsorption site dg,_o/nm de_o/nm a/(°) 90 E ./ (k] + mol -
Cueys 0.1832 0.1428 128.46 -0.222 238.96
Cuggy 0.1920 0. 1442 118.84 -0.259 244.28

(238.96 kJ/mol) , AJEMFHINAI Cugysfii. HIE,
ST CH, O 7E Cuge, SRR BASHL (1 4). HIE 4

C
AL, PEAEHT CH,0 2 T Cu,O (111) FRIHHY Cugg, o
£, HRPEALIS CH,0 1 O JR 45 Cug 8 F-H1 2 0172 . 02342 mm
A Cuggy T HIRANEI, BLALT 3 AT Q¢ e
REELRR . IR BB R B CH,O AE Cuyg, 729 T Cucsa - Cucss
iy s Cuc&\’fﬁéﬁﬁﬂg Cu E%ﬂﬁ%xﬁ;ﬁéww ﬁfﬁﬁ A Fig.4 Optimized configuration of atomic O
KIGTTHR, 755 T BOW B 3 Hi far 7 7% 5 A9 185 Jn. coordinated of CH,O at Cu,, site

CH, O M L7 7R Cug o A% 0. 222 ANHLF, 1T Cug (GRS 0. 259 LT, 25U T Cugg N7
SRATHY Cu JEFXH R EHE R DTk, X —Z518 5 30k 21 ] P& A O R F IR FHFE Cu,0(111) 3
[ 1) Cu s, DA R E ARV A
2.4 CO #1 CH,O WFH45 13T Cu,0(111) RE LA

175t P4 AR AP AR R — b UG, T IR b I8 il T3 i R I Ak i e A7 A 85 5 AR A A
v 7 350 1 DV T TR0 1) A 2z AbR R AR AS . R4 BT Cu,0(111) FRIAIAY 4 AR K
BREETR 2 AR | AN ) IR A7 Do [ 18 B4 B — 2328 () 1) 5 A stb 74 i s i BEA S T HAR(E A B CO W1
Cugys 1 CH,O WM T Cu oy REF Y Cu, O(111) F 1R BB IR S 5L

Table 4 Relative displacements of perfect surface after CO and CH,O adsorption on Cu,O(111) surface’

Perfect surface Perfect surface-CO Perfect surface-OCH;
Adsorption site  Before relaxation After Change After Change After Change
relaxation percent( % ) relaxation percent( % ) relaxation percent( % )
Cueps” 0.2250 0.2312 2.76 0.2348 4.36 0.2351 4.49
Cuggy -1 0.2250 0.2523 12.13 0.2440 8.44 0.2514 11.73
Cuggy -2 0.2250 0.2517 11.87 0.2432 8.09 0.2432 8.09
Cucgs -3 0.2250 0.2538 12.80 0.2421 7.60 0.2529 12.40
Ogur 0.2699 0.3045 12.82 0.2952 9.37 0.3003 11.26
Ogyp 0. 1800 0.2011 11.72 0.1942 7.89 0.1993 10.72
Cucys—Ogyp 0.1849 0.2022 9.36 0. 1986 7.41 0.1952 5.57
Ogyr—Cucgy 0.1849 0.1863 0.76 0.1856 0.38 0.1859 0.54
Ogyp—Cuggy-1 0.1849 0.1898 2.65 0.1891 2.27 0.1928 4.27
Ogyp—Cuggs 2 0.1849 0. 1900 2.76 0.1892 2.33 0. 1896 2.54
Ogup—Cuggs -3 0.1849 0.1902 2.87 0.1896 2.54 0.1928 4.27
3-layer( nm) 0.3698 0.4173 12.84 0.4044 9.36 0.4057 11.65

a. The unit for atoms are in fractional coordination; b. the subscripts for adsorption site can be seen in Fig. 1.

M 4 ]I, SRS TE Cu,O(111) Kl b 4 MR, BRT Cug o, Hax 3 ALY
2 AR ARMEYIA BH B, AR RN S Ogur > Cugy > Ogyy > Cugy, Oy I 2 1 A2 AH A A W
B, XS TRA R R Cu,0(111) 3R, z AFREZSE T 12.82% . AHRIHE, J5—1A] B I B & 2F
T @M, Cugs—Og, HEA M 0.1849 nm {1 F] 0.2022 nm, 284k T 9.36% , B4k W] 2 ;
Ogys—Cu HERKABTE 2. 65% ~2.87% JERIN, shiFASEIRK, 1M Oy —Cu, K ILTEEEL.
T W PR =243 [B] (3-layer) SER BSE M, ARG SCHR 13 ] LI =24 B S A —)2 Ca* FIZ
O* Ry MR Horh Cu™ J2IZRTEM )2 07 Z M (ANIE 1 Fios i) 3-layer) . sbigJ5, —J225MIAFE B A
0.3698 nm HMNE] 0. 4173 nm, 2L T 12. 84% , FEGE WA WG AT EE. MSCHR[ 13 ] H4RIE NO 7
Cu, O(111) KM, F MG A T 2%, Fk, CO M CH,O R M 7 2 i A &b i, i
SRR —F G, BT RAS RARIESE T AFSE Cu, O(111) B 5 e s iR P 4.
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[, 2 4 Bdic R W, 1 CO/Cu,0(111) Fl CH,0/Cu,O (111) W FHA Z b, B 1 Hic 457 A 4 A
Cugy R F IR MINEZ NS, BRI R m R m a7 — & B g, JF Rl B A = 2 23 [A]
A B S ARG, et P 2 L R T B S 2R . T LAHET, BT CO Ml CHLO MM B4R FE T Cu,O
(111) F iR W BR S 25 1 A ot 75 0 5 ) i3

ZE EAMr, CO MR T Cu,O(111) F I AY Cugys AT CHLO BT Cu,O (111) B Cug, 7 A9 B fiE
R, R R AR e, B IR A2 R, HLR BN IS Cu, O (111) 2 1 st B I 4 W I el %

2.5 (CO +CH,0)/Cu,O(111) % pff

IR B CO A1 CH,O 43 5 UAE 45 Y Scfe 8 TR B 67, A5 (CO + CH,0)/Cu, O (111) F IR B 14
R, UG SR A B AN 5 iR, AHREIY () o (B)

S TR S. e *

IR A Z 5 CO A CH, O (AR T AR 1 AT LA
WAL AR T 8], HBUE K /NAT LR R & A
M EAER M55 .« E, =E, (CO)+E,, (CH0) -
E . (CO+CH,0), rh, E, /R CO Fl CH,0 1)
MHEAEHTT; E, (CO) Fom LM FHA ZR b A% &
CHsolﬁ , CO 5 Cu,O(111) ORI) ﬁﬁ, I7) M, E ads  Fig.5 Optimized co-adsorbed structure of CO and
(CH,0) Fn It fiH A &2 4 CH,0 5 Cu,O(111) 1 CH, O over Cu,0(111) surface
WBRE ; E . (CO +CH,0) Fm LW FHA R Co (A) Side view; (B) top view.

M CH,0 5Cu,0(111) LM g, £, (H, WA ZR P CO FI CH,0 MEAEMME; Rk, CO Al
CH,O MM EAERI S, TR L RS TS,

A5 Bem AT 0L, R0 A 2 SR E 43 CO FIl CHL0 S5 #HJE Cu JET AU HE 543 51 AA 0. 1841 F0I
0.1920 nm } K3 0. 1888 F10. 2123 nm, FM CO A1 CH,0 5JEH Cu, 0 (111 ) 1 AW I REVRE/IN. 152 Fff
AETT 25 3 R SE W A 2 O HI CH,0 5 Cu,O(111) ZETH AW B AE 121. 51 1 207. 89 kJ/mol L
B RS 162. 37 1 244. 28 kJ/mol Wi/, FEMERTEF , CH,0 5 Cu,O0(111) B IRER D, Fem] St
B CO 4fi A Cu—OCH, JEJ CH,0CO MIXf %55, RS, S CO i C—O0 H#K 0. 1153 nm HHLH
W BT 79 0. 1148 nm 8K, RHH CO 1 C—O HESREEHEHI S5, CO o F#iEfb; LW Xt CH,0 Hiiw
C—Of KA. L AR CO M CH,0 AYAHEAEH T35 75. 89 kI/mol, IR F 40. 0 kJ/mol,
Uil CH,0 5 CO MfE MR, K8 T ER R E, A8 TREYF CH,0CO MIE M. CHk
[12,28 | YBh J12 e 4 AR R, 78 Cu-Y 43 FififbAIEHT , CH,0 &% 5 CO MEAEHIE K
CH,0COOH. &5 i farfidin ], HLIgRHA ZR A CO Fi CH,O MY HLfar 8 it 347 Lb B g 6 Bp s 20>
HA g 5 A% it 1 /b e B IL I B AR 2R R CO A CHL,0 5 Cu, O (111) 1 AOVE FH 0855, 55 W I 25 RN
FRFRET T 25 SR A — 2K

Table 5 Comparison of theoretical calculation results between (CO + CH,0)/Cu,0(111) co-adsorption and
CO/Cu,0(111) as well as CH,0/Cu,0(111) single adsorption

System de,_x/nm  de_o/nm a/(°) Net charge K,/ (kJ-mol - E g,/ (kJ-mol - E;,./ (kJ-mol -
Co-adsorption co 0.1888 0.1153 165.33 0.327 121.51 253.51 75.89
CH;0 0.2123 0. 1442 128. 88 -0.257 207.89
Single adsorption  CO 0.1841 0.1148 179.10 0.386 162.37 — —
CH;0 0.1920 0.1442 118.84 -0.259 244.28 — —
5 X X M
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Theoretical Study on the Properties of CO and CH, O Adsorption
on Cu,0(111) Surface and Co-adsorption

ZHANG Ri-Guang, ZHENG Hua-Yan, WANG Bao-Jun, LI Zhong"

(Key Laboratory of Coal Science and Technology of Ministry of Education and Shanxi Province,
Taiyuan University of Technology, Taiyuan 030024, China)

Abstract Based on density functional theory in the generalized gradient approximation, together with periodic
slab model, CO and CH,O adsorption and co-adsorption on Cu,O(111) non-polar surface were systematically
investigated. Four molecular orientations of CO and O-down orientation of CH,O over different adsorption
sites, Cucys, Cupgy, Oy and Oy, of the Cu, O(111) surface were considered. The adsorption energy, geo-
metrical parameter and Mulliken charge indicate that Cugyg is the active site for CO adsorption, Cug, is the
active site for CH,0 adsorption. CO and CH,O adsorption mode improves the relaxation of Cu,O0(111) sur-
face. In co-adsorption system, the interaction between CO and CH,0 is 75. 89 kJ/mol, which help to product
CH,0CO, the calculated results are in agreement with experimental facts.
Keywords Carbon monoxide; Methoxide; Cu,O(111) surface; Adsorption; Density functional theory
(Ed.: Y, 1, Z)
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