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CuO HmWrdHE® Cu-0 MEH 1.96A0° B H (110) BEB Y H CusOs BFW
B 1({a) BT : 'I‘E-‘i.t)—?:#ﬁﬂ BHEHE Cu(l) RFHEE, TRTEARAETFHL

rEHED, REELHHETF, CORNOAMUCH (ENN EERAMELREY
A8 Cu(l) BF L, AMEAERT Cop SEHME. C-O F##KY 112834 N-O #
1.15084A.

Cu, O H ks 44 Bl Cu-0 EFE 4 1.85A6] 33 (110) @WHBCH 8 CuyOs H
#wm 1b) fim. B CuO A, YEEELLHEE, CO R NO 25 b C % (5 N %)
FERMELEFR S CuEFE, RMERY C; ABxHE.

AXRFA A EABEES - BEEES® (DV-LDF)X, # & (01 ¥ &7 Hamil-
ton B4 H % 54 £ F von Barth-Hedin $#£ H 98 & 2. A F ot pr s, HE
FRTHEANME. FERSHE Cu b 3s,3p3das foap i, O, CRNMHY 2:2p 0
3s B, BMAMESBAENY: KRR TFH <600, XX EHFHARSATAERY 107% B
A A B A BB (13] B X, I+ 7T Lorentzian & E £ ¥ o XA 0.3. &
S B R Rt (4] PR, AHKITHIEE, KXRAT Guenzburger f Ellis
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Fig.1 Cluster models; (a) CuO(110)-NO(or Fig.2 Relation between adsorbed

distance (r) and adsorbed
energy (E)

2 ITRERFAR

AT#HE CO RNO UM LFARMERELS, &1 CORANO KO RERL

W4 CuO B Cu,O F i EyHARATTHE, RARLLSEM O 5 Cu LERNE
Eim, LFELAMEHHA EREXACORNO S FETERUC AN WAMER
BERELY, BT O HFAN, DREBERMEEMNHRETA. Uk 7] HiFRREU
O AMEA—MLL C RN RAMARS ARKHH, ATEES THENWEE KX
Mk, HEpk, LEFEAUCEANSRHEZES.
2.1 BESSRRE

B 245487 CO % NO & CuD R Cu,0 # (110) @Bl C & N AR R
HREK (r)REEAE (FB) WXR (Y EAERHE UL MR RRMTH L& Eo).

HE2TL: CO#& NO f# CuO & Cu0 kT HRAMHHEH, EARKETH
7. CO 7 Cu0 AW LHRWHHLE CuO ZEELRAMHERES, T NO £ Cul
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FEHBRHBBELE Cu0 AH FTHERES. NEFRARMAFHENRK (r)
AL AR (B FIAE L .

MT YR BN, RMASHAATHEAER EEAR LN ERAUERE
FEER HTHAHEHARMTHEEL6, SNEAMESHELSFRITE, ¥
148 Atk it A RBH A ERREE (Bop— o0), EHELERBFAR L+, &
FRMBEF K, LHREN-O L C-O @ KkA L% EhBNEZRAHRK r. T
B, BEC-O B N-O [l thig ¥, SRR IHBHTH I PHRKESEE
# By fortBith C-0, N-O #% Rx_o. $RMEFNA: E.=FEc-By, K1HHT#
R REEE E, .

MAEL1TE: CO % Cu0 LRH#RHfE (2.0493eV) ATIHAE CuO XELHR
Fték (1.4808eV), NO # CuO # 7 bR M 4R M §2 (2.6098eV) A Fif# Cu0 Kl LY
o M 8k (1.9418eV), # 8 CO & Cup0 FERME, T NO 7 CuO EmHRME, €1
M BN FE %0 CuO-NO>Cuy0-CO>Cuz0-NO>CuO-CO, Wi fF B Uik [7) sy R
41 oly 4

#* 1 HREdSMITNER
Table 1 The calculated results from potential curve
system Cu0-CO Cu0-NO Cu; 0-CO Cuz0-NO
re/A 2.2490 2.1167 1.7198 1.8522
EqjeV -146.3477 -144.8849 -122.7125 ~121.2407
EijeV 1470100 -146.8596 -123.8868 1231472
EyfeV =147, 8285 -147.4947 124.7618 -123.1915
Ry_afA 1.2077 1.3096 1.2871 1.2566
ARx.o/A 0.0794 0.1588 0.1588 0.1058
E,/eV 1.4808 2.6098 2.0493 1.9418

B4R, B TR TEMRL WRHREH K $HT C-0 & N-0 #HTREEH
§i%, @48 C-0 B N-OMEAFME, X1 FHT ENHEE AR X TEHHE, €
filid oy @ mEHHAE: COFE Cu0 T LAK B C-O ek InE (ARc o)
e CuO %G PR HER, EilHHRERK (r.) LEFELH, TR EHT CO £ Cu0
FEER B, FE, BT NO & CuO %@ EHAMETHEE Ci,0 REEAHR
M. M N-O K HHME (ARN o) BA—2. AFHTIHEEAAFCRIERAR
H#KS N-O X CORKEMHRERMTSE, ENCHNER (LK LFTF) HTH
WTAIE A AR M AR B
2.2 RN

| B E T CaO(110) i RH CO & NO 2T W56 4 A% K (TDOS)

& 3(a) WA #E CuO & Fermi 824 LT £E4 2 Mg (8130 H My f M),
iE My E & Oty 2s2p Fa 5 Cu 8y 3s3p LARAH KL, BM; HEER Cuth3d 5
O 47 2s2p S AWK, hid Cu #y3d EHMYANLE, TH 45 fo dp £FHE
FRTW Y., TamE3b) #(c) Th: CuO FRM CORNO ERABAERLETE
o W6y B AN, SUERETHH. AT CuO-NO # A (H3(b)), 30 ¥EERL NO
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B 30 A FHEHTHR, M LEL Cul M, 4 (B 3(a)), 40", 17", 50, 2 My’
2 H T NO 8y 40, 1x, 5o f2 CuO 8§ M,. fixfF 2x°, Al £ 5 NO & 2r 4F
MBS CuO # Cu WIS d, Fo dy, BAWEE. S8 3(b) 58 3(a) ALTH, &
WA, BTHETMA Cu b NO MR 2r 8l LB (5 Cu £ 4 4EH), AT HEH
%, N-O @K H; CuO-CO K% (H3(c) 5§ CuO-NO k& X4, FiF L CO#
Rk or R4 M. BT NO & Fermi g (i HAE# -5.5537eV) s CO # Fermi %
(T EAE A -7.7357eV) F#if CuO # Fermi 84 (—4.9232eV), MH NO W& F#4 T
il (2r) LRA—AETF, BREXAT CuO & Fermi #E 2T, ik, A0 than 54
bR CuO L& F A NO fyRIHE 2r LB, $H N-O ik & #KHX,
M & CuO-NO, ATk CuO-NO A EMIK, T CO, #F it Fermi 4
% CuO # Fermi A0 £ K&, £&# 5 #H# (HOMO)5s &%, CuO LehdT Afh
M3 K 2 Bl (LUMO)2r 468, b F AR NO 5§ CuO 494, A A7 TEH T
@ NO 5 CuO @ M4k, Eik, & CuO XERH CO RMLRAM NO EF. HHEH:
KU, CO fo NO Ly i M MAF 4 0.1311e 7 0.2712e. R—% £ 5 CuO LA
R M ek e R — B 8.
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Fig.3 Total density of states for (a) Fig.4 Total density of states for (a)
Cu0(110) system, (b) Cu0-NO Cu,0(110) system, (b} Cu;0-CO
system and (c) CuQ-CO system system and (¢) Cup0-NO system

EiE, B4#HHT Cu,0(110) EEAM CO B NO 4 FHEHEAFE (TDOS).

BE 4(a) TE: Cuy0 & Fermi A UTEEHR 3 MNE (258N PP, Py), #
Py TERE O 8 2s2p &iFfn Cu 87 3s3p - F @ T, P, #5 Cul #8 M,
fil, TER b Cuthddf Ot 2s2p BAFEE, BT Cu0 # Cu 8y 3d 25, ik
wEEE Cu ffy 3d 8- FHTE, 5 CuO TEHE, Cu0 % Fermu SR A — i
Py, KT Cotyadih, HasFdp e FHARMELEAE, HETHL, Cuw0 ¥ 45
Fap BN HERBAET —EHEH. LB 4(b) f (c) THL: & Cu0 £@ LR H CO fo
NO GAEERLEL THEM Hd 30, 40, I BP) S HEEENO M 30, 40,
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lx %1 CuaO 8 Py 57Tkt (RHILE 4(a)). T P’ f Py’ A TR MRMATAHFT
Bl: #F Cup0-CO #RHi#h%K, Py £EEZf CO # 50(HOMO) 5§ Cu,0 # P2(3d
#) R Y, Py A CO HRE#EHi# 2r(LUMO) 5§ Cus0 # Ps R HER;
77 2 F Cu,O-NO REF, £ 50’ L EE NO & 50 i, Py ##4 Cu0 85 Py
W, Py ditd NO H# % &%t 2x(HOMO) 5 Cu,0 # Py i4 & M. BT CO#
Fermi §f 4% (~7.7357eV) th, NO #y Fermi f 4% (-5.5537eV) EH i F Cuy0 £ Fermi #f4&
(-6.6858eV). H CO #y Fermi £ &I F Cu,0 2T, @ NO HUAF Cu0 2 £, CO
5 CupO # KM H A Cup0-CO #) Fermi $648 4 -6.7502eV, R HHIT# Cu0 E1E, &
FHM Cu0 7 CO 8 2r R LEHY, #48 C-0 MHRE B, AFATAM: TNOH
Fermi # &4 F Cup,O # Fermi $6 % 2 b, CAIRA L 44T &, i NO & 2r 3
W CusO L##%, #FRMEE Cu0-NO ) Fermi #£4 (-6.6422eV) H Cu0 HEF,
FFFRM. BT CuO HEAFEEHTH, A HHEEH Cutfs NO & 2r I CR ]
#odes v dy: B NO LEMEFHE dr R A BB IR, NTEERAAFLBE
MG NO BB & HHAW: RHE, NO L &#Hin 0.2494e, CO L B HH
0.2070e, 5 & CuO £ LR M4, NO L&KM mER L, T CO Ly EHHmEN
FHTE—F EXHEN COECu0 ERMELAE CuO W L RWEE, NO #E Cul
Fl ERM LA CuO F il FRM B, £F —+ K Cu0 F, R CO LhRH NO EE
B dh#iwb G BN P AR d R R
2.3 Cu Y d $hiki SR B E kY Tk

RTFRH A Cu bty d $hall 9EF M AL FFE 694 #: Gandhi v Shelefl” 4
HNO £ CuO AW AW FRRNHE LS, RERAWE Cu 834" &7 5 NO &y 27 K
WEHEB LS, T Cox fr Schulz'® i 3 #4487 8 (TDS) o 4 & #i 2f CO #
Cu,O(100) FE R ERHAEA, 5 CO ABMERAHE Cu i ds T dp &F, WMH
£ 3d #F; Bagus f Pacchionil!” R§ M kit ® ##5% 7 CO #£ Li, Na & Cu(100)
FEEORM, A4 Cu bty dsdp d Tt 3d R FrIEGEHTHA, CORGHRMIER
T 4sdp & -F #5165 : Pacchioni , Cogliandro #n Bagus!'® ## % 7 CO # Mg0(100)
# NiO(100) #& i Ex CO Bt F0H, #5250 CO guFHALH LHRAGHAR
W, AR T 2RBaAEHEA HRLTEECAEL L o i, * NIO 474
T R g RINESALTESER RN U e atakASSRAHNE
B Cufyap $hill, MFE Cufy 3d$hal. AT E Bmbladf, 2480 TN
PTEMAEFREFHERAMALTNORCO RS EMNERRALRAEAHHELH Cu B
F R T (AO) # &l & #4 F 4.8 (HOMO) &7, 2+ Cul f Cu® B3 H 4T
CENBEWUEAMEN CaRT, LEHLIATHLEN= A Cu T, B4HHAERT
Gl —a# e, H—3itd Cu’. A F CuO-NO #hE, BF ML HOMO EFH N RO
B AO Wk, #EmEFETARS SEHE 288, AT HE R

Hk 2 TELEY: & CuO(110) #ERH CO ENO,0, CEN £££ 2p EF4
HESREY, ERECOBNO 4 FH 2r 1. M THEHC' L C* BT (FAE
1), #5RBNEER Cu 8y 3d hill. H 4sdp MANEZH 3d 8 1/10, FE7E Cu® &
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Ad TR Cn! HES HA M, TEHT C® H3dfiEs CO R NO # 2
ElEedd. THS Co' #ith, B 4p BHF—FHREH, Cu® Has i — &
BT (AR 3d 85 1/10); T AT Cu0(110) HmRH CO & NO 9 AR H A
FE: kO BEER 2p il 55 AR, C & NG Cu0-NO AT EE4A4 0) il
TER s hiis5Es WATFCu, 25BN TER4p R 4s . 3dPEEH—
TR, BRI ds fo dp Hrali iy 1/2, X —E 5008 [16,17) B —FK#; AT Co,
AEEEAMTEE 3d i, 4s Fo dp REHTWMED, AT Cu0-NO K& R 47 2 8%
B—ih, W TN: ERMAESY, CodREHERAASTE FREFE (CuO F
Cu,0) R WK (NO B CO) ik, MHS Cuo £HEFHRAMAEMX.

* 2 BHSFRFHEPEREARTH A0 M HOMO AR

Table 2 The main AO contribution of adsorbates and Cu of adsorbents for HOMO
system Cu0-CO CuQ-NO CuzQ-CO Cus O-NO
HOMO 28B,., 28B, 2045, 43A 444,
No. of occupied electron 2 2 1 2 1
Eigenvalue (a.u.) -0.18715  -0.18806  -0.18658 -0.24841 -0.24421
02, %10° : - - 0.00032 6.3756
Oqp x 10° 76.618 171.72 - 0.14657 1.2578
03, x10" - - - 0.00177 0.04722
Nior C)s, =107 - - - 1.0388 4.7222
Nior C)zp»10° 113.05 233.44 - 0.4128 3.9829
Nior Cla.=10" . - - 0.01943 0.2182
Cul =107 29.761 34.180 63.717 0.8921 1.2951
Cujy, =10 - - 0.1745 0.9253
Cu,ypx10° 2.8382 4.4577 - 1.3440 2.2253
Culy = 10° 70.474 53.883 242.89 26.710 2.8154
Cuj, «10° 2.8294 3.1130 - n.0914 3.8024
Cuj, = 107 7.1004 5.4007 8.3089 0.2689 1.9725

3 &

el S AL CuO(110) &3 NO #R Hi thxt CO R M E 58, W& Cu,0(110)
£ 02 CO HhoR 38 T3 NO WRH, RMAF (COfNO) ZEZUC AN RHEMR
WA ERTE Co BF Ee: ENENREGENEZER NO & 2 X CO #) 5o f 2
SFmESFETLTIHA Cal RMEA Cu® #h3d R 4s o dp S A M, T
CuO-NO(# -CO) RH&EE, Cu' fu Cu’ #H3d HBTRA, 4s o dp AW @
7T Cu,0-CO(% -NO) BB A, Cul 8 4s fo dp Shli AT H 3d M TR, T Cu’
& 3d s At AT H 4s Fo dp RAE BT

B ey — (BE%) HME HASHARBE ARSI NERPS THAIHINFRITE, B#T
RELHEARY DHEN TERENRE L RERFRETD.
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Quantum Chemical Studies of the Chemisorbed Selectivity of CO and NO on Cu0

and Cuz0(110) Surfaces

Duan Yuhua Zhang Kaiming

{ Department of Physics, Fudan University Shanghai 200433)

Fu Yilu

( Department of Chemical Physics, University of Science and Technology of China Hefei 230026)

Abstract The characteristics of CO and NO adsorptions on surfaces of CuO(110) and
Cuz0(110) have been studied by using Self-Consistent-Charge Discrete Variational X,
Method (SCC-DV-X,, for short). The calculated results show that the molecules CO
and NO are perpendicularly adsorbed on cuprous of Cu,0O and cupric of CuO bonded
with C and N atoms respectively. The order of chemisorption potential of the four ad-
sorbed systems are: CuQ-NO>Cuy0-C0O>Cuy0-NO>Cu0-CO. For CO or NO molecule
chemisorbed on cupric oxide, the chemisorbed bonds are mainly contributed by the inter-
actions of 3d orbitals of cupric with 2x molecular orbital (MO) of the adsorbates. While
for CO or NO molecule chemisorbed on cuprous oxide, the chemisorbed bonds are mainly
formed by the interactions of 3d orbitals of the top site Cut and 4s, 4p orbitals of the side
site Cu™ with 5¢ and 27 MO of adsorbates. These conclusions coincide with the experi-
mental observationsl! =), The selective chemisorptions of CO and NO on the (110) surface
of cupric and cuprous oxides are discussed by analysis of the potential curve, density of
states (DOS), bonding characters and the electrons transfers.

Wwoon =) & A oW 2B
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Keywords: DV-X,, CO and NO chemisorbed selectivity, CuO and Cu;0(110)

surfaces
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