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Table 1.  Molecular structure of SF.

k 7 /a.. Y/ z/au.
S 1 0 0 0
F 2 2.923 0 0
F 3 -2.923 0 0
F 4 0 2.923 0
F 5 0 -2.923 0
F 6 0 0 2.923
F 7 0 0 -2.923

2 6-311GHEA RS Bk

Table 2. Parameters of Gaussian functions of 6-
311G* basis.

i 1 2 3 4 5 6
¢;  0.035461 0.237451 0.820458 1.0 1.0 1.0
a;/au. 554441 12.6323 3.71756 1.16545 0.321892 1.75

A5, BUEAERRBUNIUE. ¥, TE vy BTN
L SRR NAAEIEE AR 7345 (K 1(c)), AP
R, A EEBCA L (K 1(a), (b)). Ug,,

LU

z/a.u. y/a.u.

z/a.u.

(a) ¥p,, 7z = 0.8 awb i g2 BT Al ; (b) g, 1F y = 0.8 audb iy 2z # K ;

(¢) VB, AE 2= 0 awdb i oy WEE; (d) Up,, 7E y = 0 a.wfb iy 2z WEE; () Up,, 1F v = 0 a.wfb iy y2 B, () CHHEMITE

Vg, AWy = 0 aw kb 2 8T

Fig. 1. Functions of WBlg, WBzg and q’ng

: (a) ¥p,, in the yz plane for z = 0.8 a.u; (b) ¥p,, in the zz plane for y = 0.8 a.u;

(¢) ¥pB,, in the zy plane for z = 0 a.u; (d) ¥p,, in the zz plane for y = 0 a.u; (e) ¥p,, in the yz plane for z = 0 a.u; (f) the

function obtained by acting C’él on ¥p,  in the 2z plane for y = 0 a.u..
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C3
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! [ ]
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B 2 SFe MFRIRIECY, Cs, Co 1 Co (X FRAH

Fig. 2. Symmetric axes of symmetric operators C},
and Cg on SFg.
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Table 3. Part of character table of Oy, group.
Op, E 8C3 6C} 6Cy 3C3 P 654 8Ss 3o, 604
Tig 3 0 -1 1 -1 3 1 0 -1 -1
Thg 3 0 1 1 -1 3 -1 0 -1 1
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Abstract

Quantum chemical calculation is an important method to investigate the molecular structures for multi-
atom molecules. The determination of electronic configurations and the accurate description of the symmetry of
molecular orbitals are critical for understanding molecular structures. For the molecules belonging to high
symmetry group, in the quantum chemical calculation the sub-group is always adopted. Thus the symmetries of
some electric states or some molecular orbitals, which belong to different types of representations of high
symmetry group, may coincide in the sub-group presentations. Therefore, they cannot be distinguished directly
from the sub-group results. In this paper, we provide a method to identify the symmetry of molecular orbitals
from the theoretical sub-group results and use this method to determine the symmetry of the highest occupied
molecular orbitals (HOMO) of the sulfur hexafluoride SFg molecule as an example. Especially, as a good
insulating material, an important greenhouse gas and a hyper-valent molecule with the high octahedral Oy,
symmetry, SF; has received wide attention for both the fundamental scientific interest and practical industrial
applications. Theoretical work shows that the electronic configuration of ground electronic state 1A1g of SFy is
(core)??(4ayy)?(3t1y)®(2e0)* (Faig)? (4t1u)® (1tag)® (3eg)* (1t2u)° (5t1y)®(1t1,)® and the symmetry of the HOMOs is
T1,4. However, in some literature, the symmetry of HOMOs of SFg has been written as Tb, instead of T7,. The
reason for this mistake lies in the fact that in the ab initial quantum chemical calculation used is the Abelian
group Dap, which is the sub-group of Op,, to describe the symmetries of molecular orbitals of SF;. However,
there does not exist the one-to-one matching relationship between the representations of Dy group and those
of Oy, group. For example, both irreducible representations 77, and T4 of Op group are reduced to the sum of
Big4, Bag and Bzg of Dap,. So the symmetry of the orbitals needs to be investigated further to identify whether
it is T4 or Tog. In this work, we calculate the orbital functions in the equilibrium structure of ground state of
SFg by using HF/6-311G* method, which is implemented by using the Molpro software. The expressions of the
HOMO functions which are triplet degenerate in energy are obtained. Then by exerting the symmetric
operations of Op group on three HOMO functions, we obtain their matrix representations and thus their
characters. Finally, the symmetry of the HOMOs is verified to be T7,. By using this process, we may determine

the molecular orbital symmetry of any other molecules with high symmetry group.

Keywords: SFg, the highest occupied molecular orbitals, molecule with high symmetry group, orbital's

symmetry
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