56 8 2007 8
1000-3290/2007/56 08 /4441-07

ACTA PHYSICA SINICA

Vol.56 No.8 August 2007
©2007 Chin. Phys. Soc.

He-HI

123 3 37
1 246011
2 241000
3 610065
2006 12 11 3 16
CCSD T 3s3p2d1f
He-HI 2 He-lH  He-H-I
4.473  2.996 meV He R 0.363  0.442 nm.
Barker Fisher ~ Watts BFW He HI
close-coupling He-HI 100 meV
He-HX X=F Cl Br CCSD T
He-HI
He-HI
PACC 3440 3430 3450E
CCSD T
I. He-HI
He-HI
Barker Fisher = Watts BFW
? He HI
- He-HI 100 meV
He-HX X =F C(Cl Br
symmetry-adapted perturbation theory CCSD T
SAPT ° He-HI
single and double excitations coupled-cluster
with a noniterative perturbation treatment of triple
excitations CCsD T 7. CCSD T
2.He-HI
Germit * CCSD T He-0,
0 2.1.
Ne-HCI
Prosmiti " Ar-HI He-HI CCSD T
He-HI H He augmented correlation-consistent
* 10676025 10574096 20050610010
070416236 2006KJO72A 044-K06016000007

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



4442 56

polarized valence triple-zeta aug-cc-PVTZ H HI E s
6s3p2d / 4s3p2d He 7s3p2d / BSSE Boys  Bernardi ”
4s3p2d I augmented correlation- counterpoise method .
consistent polarized valence quadruple-zeta — aug-cc-
PVQZ 12s6p3d2f / Ss4p3d2f . 2.2
3s3p2d1f 35 3pa
=0.90.30.12d «a=0.6 0.2 If a=0.3 "
He HI HI VRO . VR 0 Legendre
He-HI P, cosl
He "
VRO =DV, R P, cosl . 2
i=0
Jacobi R 0 av R 0, O
1. 1 R VR, =
O !
He HI R HI Ov R 0, O
6 0=0° I-H-He . E ] E
HI r I—H = 0.160902 nm Ov R 9, O
CCSD T /aug-cc-PVQZ oP, 0, P, 0, P, 6, P, 0, O
o 01;160916 nm ';I N 8.7 x B—Po 9, P, 0, P, o0, P, 0, g
=0p, 6, P, 0, P, 0, P, 0, U
0.2646 nm< R < 1.3229 nm 0.2646 nm< R U 0 | 0 n n t
< 0.5292 nm AR = 0.005292—0.015875 nm Ap, o, P, 0, P, 0, P o, %
0.5292 nm< R < 1.3229 nm AR =0.10584 nm.
0 0°—I180° 1 AD = SZ" i .
30° 384 gt O
Gaussian 03 X EVZ R E 3
" e
v, R O
3 P!
: Vi R =PV RO 4
g BFW :
I H 3
" VRO =¢lexpa l-x >4, x-1"
n=0
C C
s -: s i -f 5] >
- x:RLi R, € a A,
A A, Ay Cg Cg 6
5 CCSD T /aug-ce-PVQZ
Via He-HI He-HI
11 0=0°
Vie R 0 = Eyew - Epsse — Eve — En 1 90° 180° 3 2

Epew Eu. Eu He-HI He 1. 4



He-HI 4443
11 R 3
5 Vi R 2=01234 2.
20 —— 20
i 0’
1 <A 907 51
¢ 4 — -0 — 180°
> 10 . s 10}
o L
g A &
= >
x !
~ 5} N bF
of ol
-5 -5 1 ] I
0. 25 0. 25 0. 45 0. 65
R/nm R/nm
2 6=0°90° 180° 3 He-HI
1  He-HI
al ° e/meV R,,/nm a Ay Ay Ay As Ce Cg 5
0 -2.9959 0.4416 13.0130 3.0257 15.3571 12.4996 0.2296 -3.9294 5.9597 0.0034
20 -2.9786 0.4339 11.5221 4.9675 15.5677 9.5980 0.0551 —4.9537 8.9192 0.0036
40 —2.8000 0.4173 10.8636 3.1145 10.4902 7.9222 1.3309 -3.3590 5.4732 0.0037
60 -2.2306 0.4192 10.6551 2.6970 8.9760 8.0688 0.2099 -3.2067 4.9022 0.0028
80 -1.8700 0.4276 10.9585 2.9010 9.8446 9.7348 0.1176 —-3.4775 5.3726 0.0022
90 —1.7998 0.4291 9.6721 3.9741 9.9870 9.6006 0.9729 -2.7097 5.6216 0.0022
100 - 1.8001 0.4287 10.9538 3.1238 10.2040 9.7548 0.1213 -3.6243 5.7414 0.0022
120 —1.9400 0.4208 10.3596 2.9604 8.6878 5.8666 0.1507 —3.2755 5.2328 0.0027
140 -2.4137 0.4022 6.5778 5.1328 - 1.1509 2.5769 9.8900 -1.0978 5.2435 0.0039
160 -3.5317 0.3767 5.9556 5.0742 -5.3198 6.7589 0.4399 —1.5952 5.6964 0.0060
180 —4.4730 0.3627 6.0620 5.1231 -5.1910 6.7416 0.1027 -1.7762 5.9325 0.0078
2 He-HI
e/meV R,./nm a Ag Ay A, Az Ce Cg o
Vo -2.1897 0.4220 14.2273 5.5813 26.9555 55.6157 42.8161 -7.2796 11.9335 0.0027
Vi —-0.3880 0.4480 12.7650 5.5804 22.4515 24.6245 8.4601 -6.2295 10.8346 0.0033
V, -0.8893 0.3980 10.9053 10.7578 29.8174 30.9684 31.5701 -5.4918 15.3490 0.0104
Vi -0.1888 0.4620 15.3173 2.5297 13.6302 7.0254 -10.1940 -9.9977 11.5406 0.0038
Vy -0.0804 0.4660 13.1770 10.9315 33.4327 -0.1680 —31.4272 - 16.5689 26.6022 0.0021
4— 8 He-HI He-HX X=F Cl Br R, c
CCSD T 4 14 15
3 o 4— Vo R €



4444

56
20 20
He-HF He-HF
15} -- - - He-HCI 15 s- -0 - HeHC
— — — He-HBr — — — He-HBr
> 10F E 10F
£ £
S &
< st =~ or
or T OF ' \ K papresssessoscoessnseeens
_5 1 1 1 1 -5 1 1 1 1
0.2 0.4 0.6 0.2 0.4 0.6
R/nm R/nm
4 He-HX X=F Cl Br I Vo 6 He-HX X=F Cl Br I v,
20 20
He-HF He-HF
15} - = == - He-HCI 15 - - - - He-HCI
— — — He-HBr — — — He-HBr
—e— He-HI
5 10F 5 10F
[} [}
g g
p =
& X
> Sk g 5F
oF 4 o o= ewm= o iiiiiiiiioie b
_5 1 1 1 1 75 L L 1 1
0.2 0.4 0.6 0.2 0.4 0.6
R/nm R/nm
5 He-HX X=F Cl Br I v, 7 He-HX X=F Cl Br I Vs
3 HeHX X=F Cl Br I
He-HF ' He-HCl* He-HBr®  He-HI 3.
R, /nm 0.315 0.375 0.396  0.422
Vo e/meV  -2.822 -2.321  -2.190 -2.190
o/nm 0.280 0.335 0.354  0.377
Ru/mm  0.338 0.391 0.418  0.448 He-HI 100 meV
Vi e/meV -0.363 -0.415 -0.437 -0.388 He-HX X=F Cl Br
o/nm 0.305 0.355 0.380  0.409 .
16 A+ BC v, j, A
R,/nm 0.296 0.346 0.372  0.398
£ e/meV  -1.324 -1.224 -0.982 -0.889 + BC vy js
o/nm 0.265 0.314 0.340  0.365 d
Al 1 ks
R,/nm 0.339 0.404 0.431 0.462 e PR g
Vs e/meV  —0.335  —0.271  -0.222 —0.189 dQ 2+ 1 ke
Al 2
o/nm 0.306 0.369 0.395 0.428 % L | f»giwg il 0 ¢ | 6
R,./nm 0.327 0.406 0.437 0.466 URTA
A e/meV -0.142 -0.042 -0.101 -0.080 vij M
o/nm 0.296 0.384 0.399  0.433




He-HI 4445
20
He-HF
15} - - - - - He-HCI He-HF
— — — He-HBr 7° 12° 17° 22° 27° He-HCI 6° 10° 14° 18° 22°
- 26° He-HBr  5° 9° 13° 16° 20° 24° He-HI ~ 4°
£ 8° 12° 15° 19° 23° 26° .
@ 17
£ sf
. nmh
sin =~ ——— 9
ol S Temeceosmssssssssesnenes o 2uk
0 .
" L L E - Vo R
0.2 0.4 0.6
R/nm
-
8 He-HX X=F Cl Br I A 41\3\“ He-HF
) e He-HCl
VOJQM& VigjﬁMig I(? — -0 — He-HBr
¥ i — - - — He-HI
N
=0
f;xi}/;?WII? v M g ¢ g 102
4 12 S-S VA A VA NG~ a
=(kzﬂ) D) 20+ 1A v, S
a l,g
. 0 L L L L L
QVRIBMR YlﬂMa».ewﬂ 0 ¢ 7 10 0 10 20 30
0/()
A vy M, = vgM,
['f OJ Wt 100meV  He-HI He-HX X=F Cl Br
= Z/] M, = MM [ JM, T, w8
L J 10— 13 100 meV  He-HI
J
Yl,gMa -, g ¢ T, My He-HX X=F Cl Br
0 . 10—
9 100 meV He-HI He-HX 13 4
X=F Cl Br CCSD T smn
9 4 0*
O S & BAER M R
o 0 ) — o - MR
30° g al pex Gig 4]
vo 10
~
=
w
R
9 B8
Rm G 1 1 1 1 1 1 1 1
0 60 120 180
3 6/C)
10 100 meV  He-HF



4446

WA/ al st

B EE/ al st

W

56
o 0 88° 55° 39°
He-HI 0 >30°
| O AR AT
—-o- - BRI
_ ‘El"
102 (C i)
10"
| S AR I
) — o - BB
7 9 — BESRm
¥ 10
L L L L L L 1 1 @
0 60 ] 120 180 &
0/() R
&
11 100 meV  He-HCI
0 60 120 180
6/()
10*
...... M o AR T 13 100 meV ~ He-HI
—-o- - PRMERSE
p — B
10
4.
CCSD T 3s3p2d1f
N He-HI
0 60 120 180 )
/()
R, =0.363 nm 4.473 meV
12 100 meV  He-HBr He-I-H R, =0.442
nm 2.996 meV He-H-I
He-HX X=F Cl Br CCSD T
He-HI
. He-HX X=F Cl Br
Battaglia ¥ Gianturco F A Palma A 1984 J. Chem. Phys. 80 6 Moszynski R~ Wormer P E S Jeziorski B Avoird A 1994 J.
4997 Chem . Phys. 101 2811
Barker J A Fisher R A Watts R O 1971 Mol. Phys. 21 657 7 ZhangY Shi HY Wang W Z 2001 Acta Phys. Chim. Sin. 17
Jiang G Xie HP Tan M L Zhu Z H 2000 Acta Phys. Sin. 49 1013 in Chinese 2001
665 in Chinese 2000 17 1013
49 665 8 Gerrit G C Lzabeka S M 2000 J. Chem. Phys. 113 9562
YuCR HuangSZ Feng EY Wang R K Cheng X L Yang X 9 LiJ ZhwH XieDQ Yan GS2003 Chem. J. Chin. Univ. 24
D 2006 Acta Phys. Sin. 552215 in Chinese 686 in Chinese 2003
2006 55 2215 24 686
YuCR Feng EY Wang R K Yang X D 2006 Chin. Phys. 15 10 Prosmiti R Lopez LS Garca V A2004 J. Chem. Phys.120 6471

2571

Tao F M Pan L G 1995 Sci. China B 25 1016


Absent Image
File: WJH


He-HI 4447
12 Huber K P Herzberg G 1979 Molecular Spectra and Molecular 56 2577
Structure I\ Constant of Diatomic Molecules New York Van 15 Yu C R2006 J. At. Mol. Phys. 23 310 in Chinese
Norstrand Reinhold Company p325 2006 23 310
13 Boys SF Bemardi F 1970 Mol. Phys. 19 553 16  Choi BH Tang KT 1975 J. Chem. Phys. 63 1775
14  YuCR Wang RK Cheng X L Yang X D 2007 Acta Phys. Sin. 17 Bemnstein R B 1979 Atom-Molecule Collision Theory A Guide for the

56 2577 in Chinese 2007 Experimentalist New York Plenum Press p33

Theoretical study of the potential energy surface and differential
scattering cross sections of He-HI complex ™

Yu Chun-Ri' °  Feng Er-Yin>  Cheng Xin-Lu®
1 School of Physics and Electric Engineering Anging Teachers College Anging 246011 China
2 Department of Physics Anhui Normal University ~Wuhu 241000 China
3 Institute of Atomic and Molecular Physics Sichuan University Chengdu 610065 China
Received 11 December 2006 revised manuscript received 16 March 2007

Yang Xiang—Dongﬁ f

Abstract

The intermolecular potential energy surface for He-HI complex has been first calculated by employing supermolecule method
and the single and double excitation coupled-cluster with a noniterative perturbation treatment of triple excitation CCSD T
approach using a large basis set containing the bond function set 3s3p2d1f. The potential energy surface has two potential wells.
The global minimum with a well depth of 4.473 meV has been found for the linear He-I-H configuration with R the distance of
the He atom and the center of mass of the HI molecule of 0.363 nm. In addition to the global minimum there is a second
minimum corresponding to the linear He-H-I configuration with a well depth of 2.996 meV and R of 0.442 nm. Then the analytic
expression of the interaction potential for the He-HI complex of the ground state has been obtained by utilizing the Barker
potential-type analytic function to fit the calculated intermolecular energy data. On the basis of the above results the differential
scattering cross sections DCS at the energy of 100 meV for collision between He atom and HI molecule have been calculated
using the quantum close-coupling method. Finally the validity of the potential energy surface of the He-HI system has been

verified by comparing it with the CCSD T potential energy surface of the He-HX X =F Cl Br systems and by comparing

their DCS at the same collision energy.

Keywords He-HI complex potential energy surface differential scattering cross sections
PACC 3440 3430 3450E

* Project supported by the National Natural Science Foundation of China Grant Nos. 10676025 10574096  the Doctoral Program Foundation of Institute
of Higher Education of China Grant No. 20050610010  the Natural Science Foundation of Anhui Province China Grant No. 070416236  the Natural
Science Foundation of the Education Bureau of Anhui Province China Grant No. 2006KJO72A and the Discipline Foundation of Anqing Teachers

College China Grant No. 044-K06016000007 .

T Corresponding author. E-mail xdyang@scu.edu.cn



