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KEY WORDS: Oscillator strength, Linear Combination of
Atomic Orbitals-Molecular Orbitals
(LCAO-MO)

S.P. Tendon and S.S.L. Surana
Department of Physics
and
K. Tandon

Department of Chemistry
University of Jodhpur, Jodhpur, India.

1

The oscillator strength, £, of the A, - 1T2 (t1 - 2e)

1
transition of both chromate and permanganate ions have been
calculated by LCAO-MC method using Slater type orbitals1
(s70's) and by crystal field approachz. These computed values
do not agree with the observed oness. A detailed study of
dipole moment of permanganate ion reveals4 that STO's do not
represent true state of affalrs and more exact atomic orbitals
must be used. The double-T 3d AO's with radial functions of
the form

2
R(34) = I Cy¥gq ( Ty )

where

Kza (Cy) = [( 2T )7/ 6!]1/2 r? ST

derived by Richardson and his coworkers5 duplicate very nearly
the SCP AQ's determined by Watsons, which are quite exact. A
LCAO-MO parametric calculation in terms of single parameter,
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B, the ligend mixing coefficient using Richardson's orbitals
and both dipole velocity and dipole length operators has
been reported in the present paper.

Both chromate and permanganate ions are known to have
the shape of a regular tetrahedron. Their one electron
wave functions form bases for irreducible representations
of the peint symmetry &Troup Td' The nonbonding ti and
antibonding 2e® orbitals are given by?
=5 Py, *Py, * Py * Py, )

and

a -4 -p, =
2e® = \d,2_ 2 3 ( Py, = Py, =Py, * Py, )

' ] th
where pyi s are 2Dy A0's of the 1" oxygen atom and dxz_yz
is the 3d metal AO. The coefficients ) and | are related

to the ligand mixing coefficient B as followa7

A= BNE ’ anw= NE(]' - ﬁz)l/z

where the normalization factor
N = [1 - 28(1 - B2 Gy (d,n)]'l/2
and the Group overlap integral

¢y (4,7) = %2[(@1:, 3ax)

neglecting the ligand-ligand overlap 1ntegra18.

The oscillator strength ftheoret of the transition of

energy ) a.u. is given by*

= 2 2
L iheoret Y| < 2] | L e* > |

where the operator 8, is given by 2z in the dipole length
case and by (%) 2 in the dipole velocity case leading to
dz
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\J

the oscillator strength values f% % and ftheoret

heore
respectively.
v
The fﬁheoret and ftheoret values have been computed
as functions of ligand mixing coefficient B on the bases of
neutral atom 2p and 34 doubdle-T Richardson's orbitals, (for

chromate fon C, = 0.506, C, = 0.675, Ty = 4.95 and To= 1.80;

for permanganate ion C, = 0.547, C, = 0.605, 1;1 = 5.15

and 1:2 = 2,10). The results are shown in Fig. 1. The observed>

f-values for chromate and permanganate ions are 0.09 and 0.C4
respectively.

In LCAO-MO calculations it is assumed? that the distri-
bution of an electron around a given MO, though somewhat
modified by overlap with neighboring atoms contributing to
the same MO, is proportional to the distribution that the
electron would have in the uncombined AO. Since the dipole

velocity operator as compared to dipole length operator stresses

9

more the regions of space nearer an atom” where the electron

distribution presumably resembles the electron distribdbution
in the uncombined AO, the dipole velocity operator is excepted13
to yield better results than the dipole length operator. Our

finding that for most of the range of § values the fzheoret

values approximate fe values more than the f- values

Xp theoret
do (Pig. 1), is in ggreement with this. More precisely the
fL

theoret > q¢]
(~0.95) whereas fzheoret values for low B values (~0.3-0.4).

values approximate fe values for high B values
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Pig. 1

Oscillator strengths for 1A1 - 1T2 (1:1 -~ 2e) transitions
as functions of ligand mixing coefficient, B, for chromate
and permanganate ions.

VI. .
I. fexp for chromate. I iexP for permanganate
L
II.ftheoret for chromate. v. ftheoret for permanganate.

v
III.IYZheoret for chromate. VI. ftheoret for permanganate.
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