F21 5 A5
2007 4£ 10 H

G

i fb Vol.21,No. 5

JOURNAL OF MOLECULAR CATALYSIS( CHINA) Oct. 2007

XEHS: 1001-3555(2007 ) 05-0463-06

FHEEE

iz HIBL S NO £ CuCl(111)

2% TH b B I B

2 =
I OE, RBE, HES, KhE

(L FEMORE AR R, Amgd i 3500025 2. WiVLE;% TE‘E%T" e

, MR
. WL Hie 325204)

B E: )T ORI KBS (GGA) [ RPBE Jr kg & RSP AR B, 76 DNP B0, BF5¢ 1 NO LA N
1O S PRI IR 7 CuCl (111) R 0AT b AR B 388 3 oF A [ W RS AN [ 288 5 2 T 1149 05 B B A L i Ay 7 225
AR LR B : NO WHHHE CuCl (111) 0f Cu J5i5~ 1Y top 7 I RS2 R MR ;s #2355 0. 25 mlL f il ff 1

BRdsE ;s NO B N i Ee O Sl B AT A, N S RIS g fl

M BRSO iR S ISF kg 0 BLORE . A1 Js 3 A 4 SR 22 ]

AR R A TN Cu J5U7 1) NO 73 TR A6 RS, H. O S s i AT B s 2. N s BEA O s BT ARF, N

- O SRR INBR I, [FE O v iy L i 2.
s TG s NO; CuCl (111) 2276

X B W WEZRME
HESES: 0643 SMERFRIRED: A

AR, T REAY) (NO,) 45 A2 2 R ik il
TrEEE Y, A R T A%
SER ARSI TAEE B BOGBRIRE Z —. A
NI E, EEARIRE T, X T N, # O,
NO BATEE R, AL 7 il ¥ N 2 BR 25 NO i de ]
RIS Cu™ S NO W BRI £ 43 i 11 75
HL T IR Cu T AT P — R Y
oM, AHE X CuCl ST 45 44 I WT TS AT5 A A 3 i —
T RN ECAL AR Cu” B 2518, HHET, NO
FE— M ECALARM RN Cu ™ AR BT T 2 7 1 Y
5. M. Casarin 2 N1 R EVZ bR 45 A AR Jy
AR T NO LIAFAAE Cu, O(11T) Z 0 F AW
BF, &I N s Rz BB 5 (N g A2 2 18 TR FfF BE 15 8
163 kJ/mol, O =S R e A 71 kJ/mol) , H.{#
GERAR K L0 5 P. Treesukol 25 A\ £
BRI J5 23451 NO A1 CO 7 Cu ™ 434 E AR,
AR N s f S5, i iy W ey 92. 4 I/
mol, HAPZEIR SR %5; Davidova M. 25 A
WEZ RS T T NO 7EW A1 B/ Cu ™ IR
oL, RIS NO A4k sl R & A 2045 5 Umama-
heswari V25 A F R 0 LR 6 3% 1) 07 W AT

YRS H A 2006-1107; £[E HHA: 2007-03-21.
EEWH : {R A RB AR ST R o [ TRV B & s

T NO £ Cu” 7010 ERYIREE, 45RF%M NO 71
TR W AE Cu™ b (HJ2 i T2 R Y Cu ™ 19

SORTEMSLIR HAL T BLA R FR1E, ZEMSEE 45
NO 73715 Cu " 107 A4 B 7 I8 A4 B
PIAE, FTLABRA TR EWFFE T NO 4315 CuCl 3%
T 2 [B] AR A . AN SOR 28 2 s BB 25 5
PRI TT %, AL NO 7 CuCL( 111 ) T i W
BE4T 2. % NO 7E CuCLC111L) 7 - 4 A 7] I8¢ £ A1
ANTR)BE B AR B AR A T A LA AR L K
AR AT TR, e T PIRR IR R T (N S A
O i ) % 15 B A7 Fr) A 2 18 R 5 S A LA AV 45 i 50 4
ARG O, A fE oo A 2 A R R 2R
Hh R A ) B RS 1 D

1 RN ETE

CuCl J& 1.0 ) a =0. 54057 nm, Cu
A1 CL ¥R BT o AR i A7 2. A SCFE T3 P e B
CuCl(111)-1 x 1, CuCl(111)-2 x2 Fl CuCl(111)-
V3 X B3ARJE VMR HAFE NO 435I LA N 3551 O Ui
76 CuCl(111) Fi AW M 3. CuCl(111)-1 x 1,

(10676007 ) , F&HE:4S Bk L W34 (2005HZ01-2-6) |

TR W SRR I AT AN A SRR R AR N KR R R 44 (2005-XQ-03) BB i H .-

EEE T £ &, &, AT 19814, fidsk.

* IR R A, Tel: (0591)87893235-8313; Fax: (0591)87892522; E-mail: qc2008@ fzu. edu. en.



464

7 A (1

21 %

CuCl(111)-/3 xB3F1 CuCl( 1) -2 x2 #B & o fe 5
WK 1 .
SR T OB 5 B 12 pR BIS AP AU 7Ry At

i

6 NO 7 CuCl( 111 ) T8 (¥ W B, 74 1155 i Dmol®
A S B I oR B B E W A5 LA H Ak

B 1 CuCl(111)-1 x1, CuCl(111)-/3 x 31 CuCl(111)-2 x2 i 5 Hu sy
Fig. 1 Supercell models of CuCl(111)-1 x1, CuCl(111)-/3 x./3 and CuCl(111)-2 x2
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Table 1 Bond length and binding energy of free NO molecule

Method Ry_o(nm) BE (kJ/mol)
LDA-PWC 0.1154 824.0
LDA-VWN 0.1154 822.1
GGA-PWI1 0.1163 730. 4

GGA-BP 0.1165 709.2
GGA-PBE 0.1164 732.3
GGA-BLYP 0.1169 701.5
GGA-VWN-BP 0.1165 708.2
GGA-RPBE 0.1168 693.8
Exp. 0.1151" 627211
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Fig. 2 Calculation models

( Big circles (black) represent Cu atoms, big circles (light) represent Cl atom,

small circles (light) represent O and N atoms)

R 2 TR ALH AR SHF 45 45E(0.33 mL)

Table 2 The predicted geometrical parameter and the binding energies at the four selected sites

Top site Hollow site Bridge site Cl site
N-end 0-end N-end 0-end N-end 0-end N-end 0-end
R, (nm) 0.1922 0.2161 0.2652 0.2881 0.2594 0.2811 0.3026 0.3335
Ry_o(nm) 0.1199 0.1209 0.1204 0. 1209 0.1204 0. 1205 0.1188 0.1191
Eads/ (kJ mol ™") 72.7 21.4 62.4 23.5 62.3 22.4 33.3 16.6
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Table 3 The predicted geometrical parameters for NO adsorption over CuCl(111) surface

Coverage( 0) 0.25 0.33 0.50 0.67 1.00
(mL) N-end  O-end N-end  O-end N-end  O-end N-end  O-end N-end  O-end
R_,(nm) 0.1923 0.2148 0.1922 0.2161 0.1906 0.2267 0.1907 0.2404 0.1923 0.2175
Ry_o(nm) 0.1202 0.1212 0.1199 0.1209 0.1190 0.1192 0.1187 0.1188 0.1185 0.1194

Eads (kJ/mol)  74.4 23.0 72.7 21.4

50.8 -6.3 50.5 -5.2 65.2 17.8
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Table 4 The Mulliken charges for N and O atoms

in NO molecule

N-end 0O-end Free NO
qn 0.013 -0.017 0.050
do -0.118 -0.184 -0.050
dno -0.105 -0.201 0.00
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A DFT Study on the Adsorption of NO over CuCl (111) Surface

WANG Xia', DENG Zhao-pu”, SUN Bao-zhen', XU Xiang-lan' , CHEN Wen-kai'*
(1. Department of Chemistry, Fuzhou University, Fuzhou 350002, China;
2. Ruian Institute of Testing for Qulity and Technical Supervision, Ruian 325204, China)

Abstract: The adsorption of NO molecule on CuCl (111) surface has been studied with periodic slab model by
RPBE approach of GGA within the framework of density functional theory ( DFT). Two molecular orientations, N-
end and O-end, over various adsorption sites, top, hollow, bridge and Cl site of CuCl (111) surface have been
considered. Two molecular orientations under different coverage of CuCl (111) surface also have been considered.
The optimized results indicate that the N-end adsorption models are more stable than the O-end ones. The adsorp-
tion of N-end modes over CuCl (111) surface are chemisorption while the adsorption of O-end modes over CuCl
(111) surface are physical adsorption. The N-O stretching vibrational frequencies are significantly red-shifted upon
coordination for N-end. The population analysis indicates that the charges transfer from Cu atoms to NO molecule.

Key words: DFT; Periodic slab model; Nitrogen oxide; Adsorption; CuCl (111) surface



