57 4 2008 4 Vol.57 No.4 April 2008
1000-3290/2008/57 04 /2145-07 ACTA PHYSICA SINICA (©2008 Chin. Phys. Soc.

AlO, ALO :

12 1 1 2 2 7
1 550001
2 610065
2007 7 3 2007 10 23
B3LYP 6311 ++G™ AlO, ALO
AlO, ALO D., . AlO, X, Ry = 0.1661 nm D, =
8.9217 eV ALO X's, Ron =0.1731 nm D, =10.5269 eV.
AlO,  ALO AlO,  ALO

AlO, ALO Murrell-Sorbie
PACC 3130 3120A 3520D 3520G

1. AlO, XII, ALO

AlO, ALO

AlO,

1 2.1.A10 Al, O,
. 23 Hartree-Fock HF

Méller-Plesset MP2 6-31G B3LYP

d ALO, x=1—2 y=1—4 QCISD T D95 cc-pVIZ 6-
ALO, «x= 311 ++ G 3df 3pd AlO AL, O,
1—2 y=1—4 . B3LYP/6-
. 4 311 ++ G 3df 3pd AlO Al QCISD T /6-
DFT ALO, x=1—2 y=1-3 311 ++ G 3df 3pd O,
AlO,  ALO
Murrell-Sorbie M-S >

V=-D, 1+a1p+a2p2+a3p3 exp — a;p

H Gaussian03 ¢c=R-R. R R.
DFT  B3LYP 6-311 ++ G™ a, a, as . AlO Al 0,
AlO, AL O 1. D,
* 10574096 20050610010

2005105

F . E-mail xdyang@scu. edu. cn



2146 57
R, 1 10
1 A0 AL, O, M-S 4l
AlO Al 0, I
D, JeV 5.303 1.575 5.226 E
S ol
D, 10 /eV 5.2904 1.5716 5.2131 - o
' 2
R, /nm 0.1602 0.2465 0.1215 -
R, 10 /nm 0.1618 0.2466 0.1207 nl
a/nm™! 23.92 4.3366 54.6871
ay/nm™> -6 - 183.954 791.0 0.1 0.3 0.5
as/nm~> 1116.2 1260.17 6412.92 R/nm
1 0,
M-S
> AlO Al 0,
2. 2
10 4r
-
L
2 A0 AL, O, § ok
AlO Al 0, ~ I
W, fem™! 978.02 351.53 1572.26
we 10 /em™! 979.23 350.01 1580.193 T
e, fem™! 6.932 2.031 12.0142 s : ' : '
0.1 0.3 0.5
W, 10 /em™! 6.970 2.022 11.981 R/nm
B, fem™! 0.6382 0.2104 1.4426
B, 10 /em™' 0.64136 0.2054 1.4456 2 A0 AL
a. fem™! 0.0042 0.0011 0.0152
. 10 /em™! 0.0058 0.0012 0.0159
“ om 2.2.A10, ALO
AIOZ AIZO CZn Cocl Dooh
1 ) 3. 3
AlO, ALO D.,
M-S 0, AlO 4
Al
3 AlO,
R. /nm 4  /nm E /a.u. E 4 J/a.u.
AlO, X4I, 0-AL-0 C,, Ron =0.1973 — -392.853 —
Ro =0.1771
0-0-Al C.., — -392.835 —
Roo=0.3144
0-AL-0 D, Ro.u =0.1661 Ro.u =0.1661 ~392.891 -392.89
ALO XS Al-O-Al C,, Ro.a =0.1825 — - 560.2235 —
Ron =0.1752
Al-AL-O C.., — - 560.2071 —
Rua =0.1731
Al-O-Al D.., Rao =0.1731 Rao=0.1732 ~560.249 ~560.25




4 AlO, ALO 2147
AlO, X I, " D.,
AL°P, +0°P, +0°P, ALO X'S,
AP, + AP, +0°P, 'S, 0 ==}
D.  B3LYP/6-311 ++ G” AlO, D, 0 >3 + ', +'A,
X, ALO XX, O N
-392.8914 - 560.2495 a. u. A0 X Al °P,
Al °P, 0°P, D.,
AlO, X, D,=Ey+2E, - Ey PN IPOMEON
=8.9217 eV ALO X', D, =E, (= + L, +A) S 4L + A,
+2Ey - Eyo=10.52600eV. 4 e (2 7)) S0 7,
AlO, ALO o P,
a 0—Al Al—0 Al—0 0 P, Al X!
0—Al AlO, D.,
4 A0, ALO 0 + A0 — AlO, .
AlO, ALO A0 X ZE:
Riom Ro.a =0.1661 Ro.a =0.1731 , ! 0 3Pg Al
Roo=0.3322 Rua =0.3462 P, AlO, D,
o e 180 180 I, . " AlO, X1,
D./eV 8.9217 10.5269
fula.u. 0.2724 0.2367 AlO, X1, —~Al°P, +0, X%, 2
fo/a.u. 0.2724 0.2367 AlO, XTI, —0°P, +AlO X3 3
fila.u. 0.0843 0.0163 AlO, XTI, —AlL°P, +0 X°P, +0°P, .4
Sala.u. 0.0691 0.0271 2 — 4
11
ALO X',
ALO XS, —AL X, +0°P, 5
! AlO,  ALO ALO X'S, —AL’P, +AlO X! 6
: ALO X'S, —Al°P, +AL°P, +0°P, . 7
Al P, AlO, ' '
‘ 2.3.A10, ALO
tp, Do) A0,  ALO
P, Al =0 L. 5
0, Xz, Al °P,
D, VR R, R =V> R, +V> R, +V* R,
T I+, >+ +V® R R R 8
I, 0, X, V> R, V> R, V® R,
Al °P, AlO, D, M-S )
Al + 0, = AlO, . AlO, X’II,
0 'S, D, °P, R} = R} = Ryn RS = Ry
AlO, ALO X'S, R)=R)=R,, RS



2148 57
=Ry ;=R - R/ 0-Al-0 AlO
0O OUV2  1Y2 oo O 4 ALO @ y—o—n = 180°
Eszg= El/ﬁ —- 142 055025- 9 O—Al
s, 0 0O g 0 IDD{O3 O 4 B Ron = Ryo =
S, =8,=8=0 8 0.1731 nm
V® R R, R, 10.5269 eV AlLO
vV R R, R, = PT. 10 Al Al-O-Al AlO
P T
P=C + CS, +CyS; + C,S; + CsS, S, 11
T = 1—-tanh 7,S,/2 1 - tanh 7,52 12 0.8
S, R, R, R,
R, 0.6
S £
Vio, wo Ri Ry R; 5 C, %
C, C; C, Cs Y175 )
5
c, C, C; C, Cs
4 AlO, ALO
5.
5 A0, ALO
AlO, ALO 3 AlO, Al—O
CyleV 16.128 5.3954 0.8
C,/e¥ nm~! -16.81 2.4695
Cs/eV nm™> - 10.663 6.8498
Cy/eV¥ nm™! -5.0476 -1.2253 0.6
Cs/eV nm™> 12.0588 0.0345 g
7 1.7 1.65 >
72 0.85 0.85 < 0.4l
3. 0.2}
8
3 4 eV 3
AlO, Qono = 4 ALO  O—Al
180° A0 5 QCISD T 0
3 AIO 0-Al-0 0 + AlO—
AlO, Dy A AlO, .6 Al AlO
Ryo=Roxn=0.1661 nm Al-0-Al Al + AIO— AL O
8.9217 eV 0-Al-O .5 6
AlO, QCISD T . 5
3 0 6 0 + AlI0—AIO, Al + AlI0—AlL0O



4 Al0, ALO

2149

3 4
0 L
.
~
=
~
,8 .
0.I2 O.I4 0.6
Raro/nm
5 0+ AlIO—>AIO,
O -
% sl
=
5
S L
_8 -
,12 1 1 1
0.2 0.4 0.6 0.8
Ro.Al/nm
6 Al+ AlIO—>ALO
7 8 A0, ALO
.7
A, AlO, B, C,
AlO, 0°pP, A0 XX}
0OAl O
D, AlO,
0+Al+0 .7 AlO,
1 A,—B, A—
o
AlO, XTI, —0°P, +AlO X5
2 A—D,
AlO, XTI, —AL°P, +0°P, +0°P, .

3 B,—>D, C,—D,
AlO X°SF — Al °P,
8 ALO

3
+0°P,

V(R)/eV

7 Alo, Al—O

""“U"""]”"""JIIIIEIIIIIIlIlII\Illlllll

7

il

o

V(R)/eV

8 ALO O—Al

A,
AL,O B, C, AL,O
Al °P, AlO XS Al O Al
D,
Al,O Al+0+ Al
) 1 A,—B, A,—C,
AlO, X', —AL°P, +Al0 X}
2 A—D,
ALO X'S, —Al°P, +Al°P, +0°P,
3  B,~>D, C,—>D,
AlO X737 —AL°P, +0°P, .
4.
B3LYP/6-311++ G~ AlO,
ALO



2150 57

D ®© h
0+ AIO>AI0,  Al+ Al0—~ALO
AIO AL, O, M-S :
0 + AI0O—AIO, Al + AI0—AL O
A0,  ALO
Henrich V. E  Cox P A 1994 The Surface Science of Metal Oxides 7 WuDL Chen XL Yang XD Xie AD YuX G Deng X H
New York Cambridge University Press 2007 Acta Phys. Sin. 55 147 in Chinese
Nemukhin A V. Weinhold F 2004 J. Chem. Phys. 97 3420 2007 55 147
Jacox M E 1994 J. Phys. Chem. Ref. Data Monograph 3 3752 8 Yan S Y 2006 Acta Phys. Sin. 55 3408 in Chinese
Chen XH GaoT LuoSZ MaMZ Xie AD Zhu Z H 2006 2006 55 3408
Acta Phys . Sin. 55 1113 in Chinese 9 LuYF XaHJ WuYN Sun]JF CongSL Han K L 2004
2006 551113 Acta Phys . Sin. 53 1749 in Chinese
ZhuZ H Yu H G 1997 Molecular Structure and Potential Energy 2004 53 1749
Function Beijing Science Press  in Chinese 10 Huber K P Hertzberg G 1979 Molecular Spectrum and Molecular
1997 Structure I New York Van Nostrand Reinhold Company
Sun JF Wang JM Shi DH Zhang J C 2006 Acta Phys. Sin. 55 11 Zhu Z H 1996 Atomic and Molecular Reaction Static — Beijing
4490 in Chinese 2006 Science Press  in Chinese 1996

55 4490



4 A0,  ALO 2151

Structure and analytic potential energy functions of
the molecules AlO, and Al, O~

Lii Bing' *  Linghu Rong-Feng'  Zhou Xun'  Cheng Xin-Iu®  Yang Xiang-Dong®

1 School of Physics and Chemisiry — Guizhou Normal University ~Guiyang 550001  China
2 Institute of Atomic and Molecular Physics ~ Sichuan University ~Chengdu 610065  China
Received 3 July 2007 revised manuscript received 23 October 2007

Abstract
The density function B3LYP method has been used to optimize the possible ground-state structures of AlO, and Al,O
molecules. The results show that the ground state of AlO, molecule has D, ;, symmetry and is in the X 2II, state. The parameters
of structure are R,.o =0.1661 nm and D, = 8.9217 €V respectively. The results also show that the ground state of Al,O
molecule has D, symmetry and is in the X lzg state. The parameters of structure are Ry 4 =0.1731 nm and D, = 10.5269
eV respectively. The potential energy functions of AlO, and Al,O have been derived from the many-body expansion theory. The

contours describe correctly the configurations and the dissociation energies of the two ground-state molecules.
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