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ABSTRACT

A simple perturbation method has been worked out for the process of removal of a bond in
a cyclioc conjugated system. The agreement between the total #-electron energy calculated by
M.O. and perturbation method has been found to be fair. This also provides us with a rapid
method for the calculation of #-electron energy of unsymmetrical systems,

The molecular orbital method has been successfully used to account for the
physical and the chemical behaviours of conjugated organic molecules. Unfortu-
nately, in many cases the straightforward L.C.A.0. M.O. method loses much of its
appeal because the calculations involved are tedious. In such cases it has been
established that considerable simplifications may be introduced by the use of per-
turbation method, which at the same time is sufficiently general to serve as a basis
for theoretical study of many organic compounds.

Dewar and Pettit (1954), Bhattacharya and Basu (1958) and Peters (1958) have
shown that the establishment of a bond between two carbon atoms in the same
conjugated molecule, cyclic or open chain, may be looked upon as a perturbation
problem. For example, Bhattacharya and Basu (1958) calculated the m-electronic
energy, resonance energy, etc., of condensed polynuclear hydrocarbons starting from
linear polyenes. The present paper suggests a perturbation calculation for the
reverse process, namely, to the process of removal of a bond or bonds in cyclic
systems.

As already mentioned, unsymmetrical hvdrocarbons are difficult to treat by
M.O. method. Often, however, they can be formed from symmetrical hydrocarbons
by the removal of a bond. Bond perturbation caleulation will be useful in such cases.
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For example, straightforward M.O. calculation with the hydrocarbon

requires the solution of two 14th order equations. With the help of the present
method this energy can be easily calculated starting from a more symmetrical
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cightll order and two sixth order equations.

METHOD 0¥ CALCULATION

The familiar equation of the first order perturbation theory is

W= fl/,jﬂl/,j dr = Wﬁ’+J g H dr )
where W', = perturbed energy, W‘f = unperturbed energy,

H’ = perturbing part of the Hamiltoman operator,
(’/;’;,’ = corresponding unperturbed M.O. expresses inear combination of atomic
orbitals 5[;;’ = Zci’gbs, where ¢, refers to the carbon 2p, wave function
: of the sth atom.
For the case of removal of a bond, we write the following expression for pertur-
bation energy

o o »

ngmH ¢, dr = —B, if m and » are unbonded *

= (), otherwise. J

Substituting Zc‘:g‘)é for ¢ in equation (1) and evaluating the integrals by equation

- -l) (8} 0 .
(2). weget W, =1 S—2c, ¢ B where the bond between m and =» is broken.

REsULTS

The above equation was utilized to caleulate the energy levels of several open-
chain and condensed hvdrocarbons from another closed svstem. The total #-eclec-
tronic energy calculated by straightforward M.O. and perturbation method are
summarized in Tables I, II and TII. The cases involving the removal of one
bond are listed in Table I, and those involving more than one bond in Table 1L
Further m-electronic energy of a number of compounds were calculated starting
from different parent hydrocarbons, and are given in Table III. The energies are
expressed as (E—£Ey)/8, where E, is the Coulomb integral for carbon and g the
resonance integral of a ¢'— (' bond.

DiscussioN

It is obvious from the above tables that the calculated perturbation energies are
not exactly equal to the M.O. energies, although the agreement is fairly close. It
was pointed out by Bhattacharya and Basu (1958) that in their calculation there
exists a linear relation between the energies calculated by the two methods. In the
present case also the plot of perturbation energy against M.O. energy is a straight
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Perturbation calculation for the removal of ane bond only

Total energy
(E—Ey)/B

Molecule Parent

Perturbation

3334 34496
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line (Fig. 1).
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where ©+ = M.O. energy, ¥ = perturbation energy.

be evident from Table II.

Parent

CALCULATION OF 7-ELECTRONIC

Total energy
(B~ Eo)(B

Perturbation

9071

7989

9-264

11-815

14-899

14979

15-286

The perturbation energy can thus be easily converted to M.O. energy.
The equation, however, needs modification when more than one bond is broken.
The value of x—y systematically increases with the number of bonds broken,

Molecular
orbital

J
|
{

9:276

8192

9-439

© 114970

15:151

15-468

Analytically, the relation may be presented by the following equation
for the cases listed in Table I :

as will
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TABLE JI

Perturbation calculation for the removal of more than one bond

Total energy (E— E,)/8

Molecule Parent 1
Perturbation ! Molecular orbital

i ———

| i --- 5-714 6-032
NN\ {

‘ g §8-101 8:567

NSNS\ ‘ ‘

. f 10-456 11-116
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(Dotted lines indicate the bonds which are broken.)

I!/ NN\ ‘
N\

12-862 13-640

In Table III, the m-electronic energy of the same molecule has been calculated
starting from different parent hydrocarbons. Although the parent differs the final
value is almost the same, showing thereby that the method has some justification
at least for practical purpose.
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Tapre 11

Convergeice of perturbation caleulation

Molecule Parent ‘ Total energy (E—E,)/B

P ANIANFIRN 8685
Ty /\/
§-642
I N N . 10:954
NONSNS S
\ 10-978
11-004

In conclusion it may be mentioned that theoretical justification for the calcu-
lation is better if the eigen functions are considered as bond orbitals rather than
molecular orbitals of L.CCA.O. form.
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