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An extention is reported of a previously proposed semiempirical approach based on geminal
functions and formulas are given for the transition moments and the electronic population analysis.

The case of pyridine is considered as an example and used to predict the n—n* or m—n*
character of its lower transition.

A semiempirical approach based on geminal functions has been recently [1]
proposed for system containing n- and n-electrons and applied in two different
levels of approximation to molecules containing separated pairs of n- and
n-electrons.

An extension of the procedure appeared desirable in order to verify its
applicability to heteroaromatic sytems including all the n- and n-electrons and
to see to what extent it could be used to predict the value and the nature of their
electronic transitions (both n—r* and n— z*).

As a part of this work we report here some formulas for the transition
moment and for the population analysis of electronic states when a geminal
formulation is used for the molecular wave-function, and an example of their
application to the simple case of pyridine.

The molecular, wave-function

Y(1,2,...,N)=8,8,... 0y, (1)

has been taken as the simple product of geminal functions @(1, 2) which are the
correct linear combinations of molecular biorbitals — antisymmetrized products
of MO’s — as defined by Egs. (9)—(12) of Ref. [1]. We here adopt a notation
which is better suited to the present development by putting

NB
P(L,2)= Y Uyd(1,2), (s=1,2,..,NG), 2

t=1
where NG is the total‘number of geminals and N B the total number of molecular

biorbitals ¢, (expressed previously as A;; and 7;; pair-singlet or pair-triplet
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functions [ 1]) defined by
¢, =Ny [tm(1) 20(2) £ 2 (2) (D1 (1, 2) . 3)

Here N, is the normalization factor, #(1,2) the spin part of the biorbital and
U,, are the eigenvectors determined by the usual variational procedure’. The
functions y are molecular orbitals taken as linear combinations of atomic
orbitals ¢ for each group of n- and =m-clectrons. Substituting these ¢’s into
Eq. (3) and the result into Eq. (2) one obtains

‘1%(1,2):11(1,2);212Cskzcok(l)wz@), )

where Cy, = + C, (+ for singlet and — for triplet states).
The transition moment between molecular states differing by the geminals
&, and @, takes the form

By =L Plr + 13| P> =2 Z Z CaaCorrr S St R » &)

k0

where the S;; are the overlap integrals between the AO’s and the Ry, are the
momentum integrals

Ry =< pilv| @) . (6)

Eq. (5) gives also the n- and the n-electron density contribution to the dipole
moment by putting s=t and summing the contributions of the individual
geminals for the molecular wave-function (1)

occ

H,=e Z Hgs » (7)

where the summation runs over the N/2 geminals occupied in the state considered.
The pair-density function of a molecular state may be defined as

occ oce

01, 2= Y ®2=Y {Z[Z CaiCaer 91(2) <p,/(2)}pk(1)<pkf(1)}. (8)

s kR

Starting with this expression and introducing the matrix

oce

Pye=2 Z Dk’ ©)
where
Dskrr = 2 CoaCoer <0120 (2)) (10)
15
the one-electron density takes the form

0= {o(1,2)dv, + [o(1,2)dv; = Y Py oo - (11)
e

From Eqgs. (9) and (10) it is possible to get the partitioning of the electronic
population into different groups according to the nature of the atomic orbitals.

! The index t corresponds to a given combination of two orbital indices m, n.
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Table. Biorbital population analysis of lower states of pyridine

State Energy Population Change
eV (m,m) (mm) (n,n) in (%, 7)
0 0. 376 3.05 1.19 —
1 2.7 420 246 134 +0.44
2 3.1 446 235 119 +0.70
3 33 413 253 134 +0.37
4 3.8 446 235 119 +0.70
5 4.1 246 435 119 —-1.30
6 53 438 234 1.28 +0.62
7 5.7 464 224 112 +0.88
8 6.0 432 241 127 +0.56
9 6.5 464 224 112 +0.88

Having started with atomic orbitals of the type n and = there are three groups
of atomic biorbitals, (n, n), (n, 7) and (zn, n), and therefore three fractions of the
electronic population in each molecular state.

This subdivision of the electronic population may be illustrated in the case
of pyridine. Assuming eight electrons and seven atomic orbitals (six 2pn- and
one n-orbital) we characterize the ground state and the excited states by product
functions of the type (1) containing four geminal factors, each filled with two
electrons.

The simplest Hiickel MO’s were taken as the basis set, and the molecular
biorbitals formed with all the 28 possible y,x, products. The one-clectron
integrals, scaled to o-=0, were evaluated by taking f..= —2.60eV, giving
—1.56 for oy, and —3.12 ¢V for ay,. The two-electron integrals were calculated
for an hexagonal frame with side 1.394 A using Slater AO’s and Roothaan’s
formulas, as done before [1].

The electronic population analysis for the ground state and for the excited
states is given in the Table together with the population change in the (z, 7)
biorbitals with respect to the ground state. There are four states with energies
between 2.7 and 3.8 eV above the ground state and showing a similar population
shift from (n, 7) to (w, ) biorbitals. These energy levels could give origin to the low
energy side of the observed absorption band, usually assigned to n—n*
transitions [2]. The next calculated excited state at 4.1eV shows instead a
decrease in the electronic population of the (r, 7) biorbitals, and might be respon-
sible for the main portion of the observed band, commonly assigned to z—n*
transitions [2]. Other excited states are predicted between 5.3 and 6.5 eV, with
their population shifted from (n, 7) to (=, n) biorbitals.

It is not surprising that, when the approximations made are considered, the
calculated transition energies are about 1eV smaller than the experimental
values [2]. An optimization of the procedure is being attempted by a systematic
examination of our approximations applied to the series of the aromatic azines.
The results will be reported later and compared with those available in the
literature [3].
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