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An improved I0C-w tochnique *discussed in provious papers of this
series has been further extendéd to oxygen containing compounds,
aromatic aminos and to nitrogen containing compounds in which
nitrogen atom contributes two m®lectrons to the system. Tho values
of m-bond energies and heats of formation of these molecules have
been calculated and the success of the techniquoe is again supported. by
the comparison of calculated and experimental values. The technique
has also been employed on non-benzenoids to calculate their ioniza-
tion potentials and heats of formation and the results have been
compared with those obtained by s. ¢. f. methods.

1. INTRODUOTION

In previous papors (Sharma et al, 1975, 1976) of this scries, we have discussed
in detail an improved IOC-w technique and obtaincd encouraging results for
various properties (e.g., ionization potentials, electron affinities, 7-bond encrgies,
heats of formation and resonance encrgies) of alternant and non-alternant hydro-
carbons and nitrogen containing heterocyclic molecules in which hetero atom
contributes one electron to the system. This inspired us to apply the same method
to non-benzenoid hydrocarbons such as Hafner’s hydrocarbons (a,ceazﬁlylene
and aceheptylene), pyracyheptylene, di-pleiapentalene, iso-pyrene and azunelo-
heptalene and nitrogen and oxygen containing molecules and aromatic amines
and to compare the results with those obtained by s.c.f. methods. In the
present communication, we have restricted our discussion to non-benzenoid
hydrocarbons with five or seven membered rings.

In the present method we have used the following matrix elements (eqn. 1 :
Krishna & Gupta, 1970; eqn. 2 : Boyd & Singer, 1966) and the method of cal-
culation has already been discussed in detail in previous papers (Sharma et al.
1975, 1976) and hence is not repeated here.

Hy =op+ow[ 1—3 % (PrySrs+PyrSyr)] (1)
Hyy = B, 0xp.(0-55 Py;—0-3666). (2)
* Present address : Naval Chemrical & Motallurgical Laboratory, Bombay 400023,
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2. CHOYCE OF THE PARAMETERS

When a molecule is derived from a conjugated hydrocarbon by the introduc-
tion of a hetero atom, it is no longer reasonable to take all a’s equal for atoms
of conjugated system. A hetero atom ought to be characterized by a parameter
 different from that of a carbon atom. Tt might also be expected that resonance
intogral, Hys botween a hetero atom and a neighbouring carbon atom would
bo differont from the resonance integral which characterizes a pair of carbon

atoms.

According to Wheland & Pauling (1935) these changes in the values of o
and £ can be incorporated in units of standard a, and f,e, usually of benzene,
by the use of the definitions :

ax = ac+hxfoc e (3)
Bex = Kcex fec. v (4)

Here X roprosonts tho hetero atom.

When nitrogen atom is contributing two clectrons to the z-system, these
% and K parameters will certainly differ from parameters carlier taken for nitrogen
atoms contributing one olectron to the m-system. For aromatie amines and
nitrogen containing molecules we have taken, 4 = 1, and K = 1, in this work,
which are vory close to generally used values (Matsen, 1950; Srivastava & Krishna,
1973). However, less consistency has been shown for the oxygen paramoters.
The following valuos which have been found suitable for approximate work by
many workors (Kuboyama et al, 1954, 1958) have been used.

k. =1, h; =2 and K¢o = 1.

In the calculations, we have used, @ — —8-45 eV, which is however, very
close to the value suggested by Jug (1970). A, has been taken as —2:39 eV as
used by Pariser & Parr (1953). Overlap integral 8, as usual has been taken
88 025 and w has been assigned a value —5-43. These are the exactly similar
a8 onos used in our previous papers (Sharma et al 1975, 1976). « for hetero atom,
ax has been calculated with the help of eq. (3). The values of various bond
onergy terms required for the evaluation of heats of formation are those obtained
by Dewar & Gleicher (1966) from heats of formation measurements.

3. Hears or FORMATION OF HeTEROOYOLIO MOLROUBSS

The rosults of our caleulations using an improved I0C-w technique for the
calculation of heats of formation of aromatic amines and nitrogen and oxygen
containing heterocyclic molecules have been reported in table 1. The results
are seen to correlate very well with the experimental value (Dewar, 1969) and
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Table 1. Heats of formation of some nitrogen and oxygen containing molecules

Heat of formation, eV

Molecule n-Bond
energy This Dewar Dewar Exporimental
Enb, work and and values
eV Hargot. Morita (Dewar,
: (1970) (1969) (1969)
Pyrrole 5.716 46.33@ 44.40 44.47 44.94
Indole 11.137  78.50% 78.16 78.44 78.39
Tso-Indole 10.904 78.274 — — —
Carbazole 16.040 111.3@5 111.99 112.18 111.91
Aniline 8.366 64. 6&4 64.37 64.39 64.31
¢
p-Naphthylamine 13.812 97.385 97.82 97.81 98.78
3
Benzofuran 10.369 75.080 76.34 75.38 -
Dibenzo-furan 16.442 109.048 109.19 109.22 109.18
a-Naphthol 13.546 94,868 95.04 95.12 —
B-Naphthol 14.424 95.746 95.04 95.12 —
Benzaldohydo 8.366 68.908 68.27 68.51 68.27

are almost as good as obtained by Dewar et al (1969, 1970) using an improved
s.c.f. treatment, oxcept in the case of pyrrole.

4. Hears or FORMATION oF NON-BENZENOID HYDROCARBONS

Recently Das Gupta & Das Gupta (1972) and Birss & Das Gupta (1971)
have reported the results of their calculations on some non-benzenoid and semi-
benzenoid molecules, giving their # and o bond energies, heats of atomization
and resonance stabilization energies and studied their aromaticity. We list
their values in table 2, designated as s.c.f. (a) and s.c.f., (b), for comparison with
our calculated values of heats of formation. The two s.c.f. methods differ only
in way of calculation of resonance integrals. In the first method named as s.c.f.
(2), & value dependent on bond lengths as proposed by Lo & Whitehead (1968)
was used, while in the second method, s.c.f. (b), & constant value of g, —1-7801 eV
determined by the method of Chung & Dewar (1965). The values obtained
by Das Gupta e al (1971, 1972) are in excellent agreement with our culculated
values., Thus we conclude that results obtained by present method are equally
competent to a modified PPP methods (1971, 1972) which involve many of-the
two electron repulsion integrals, which have been previously neglected by
Heilbronner & Co-workers (1965) for calculations on these molecules.
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Caleulated heats of formation of some non-benzenoid hydrocarbon

Table 2.

T 7:1;0,1(1 Heoat of formation, eV

Moloc e e T
el work

Acoplowndylone  20.369  137.172  138.043 136.787
Pyracohoptylona 19.913 136.716 137.090 136.463
Diploinpontalono 20.046 136.849 136.895 136.860
Diploiadadiono 23.475 156.777 155.924 156.110
Acoszulyleno 14.641 103.509 104.021 103.596
Acohoptylono 17.300 122.657 122.896 121.935
Azulonohoptalone 21.994 155.296 155.493 1565.675
Isopyrono 19.246 136.049 136.404 136.371
Ploiadiono 18.393 123.760 123.212 123.440
Benzoploiadiono 25.314 156.616 156.142 156.421
Naphthoazulone 20.624 137.427 137.667 137.126

6. [lonmzatioNn PorenTisLsS Or NON-BENZENOID HYDROCARBONS

Table 3 reports ionization potontials of some scmi-benzenoid and non-
benzonoid hydrocarbons calculated by present method and three s.c.f. methods

Table 3. Tonization Potontials of Non-benzenoid Hydrocarbons

Ionization {onization Potential, ¢V
Potontial, - - — e
Moloculo Presont Uncorroctod COorrectod
work, ¢V e

8.CF. S.CF. SCF. B8.0F S.OF SCF.
(a) (b) (© () (b) (0

.02 9.36 9.23 9.38 8.03 7.90 7.49

Acoazulylono 7

Aocheptylene 6.98 8.86 8.58 8.85 7.53 7.25 6.94
Pyracohoptylone 7.18 8.75 8.82 8.72 7.42 7.49 7.16
Dipleiapentalono 7.85 9.10 8.05 9.19 7.77 7.62 7.40
Tsopyrone 6.50 7.82 790 8.02 6.49 ¢.57 6.38
Azulonoheptalono 6.79 8.28 8.31 8.46 6.95 6.98 6.65
Aceploiadylone 7.56 9.14 8.94 - — 7.61 —_—
Naphthoazuleno 7.28 8.92 8.78 — — 7.42 —_—

(a) Corroction mado according to Bloor’s formula,
(b) Correction made according to Kuni and Kureda’s formula,
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(Das Gupta et al 1971, 1974; Dewar & Harget, 1970). The two methods, s.c.f. (a)

and s.c.f. (b) have already been described. The remaining method, s.c.f. (c¢)
is due to Dewar & Harget (1970).

It has commonly been observed (Moser, 1955) that the values of ionization
potentials obtained by Koopman’s theorem (1934) using s.c.f. methods aro 1 to 2
oV too high. Hoyland & Goodman (1960) have shown this discripancy can be
accounted for by o core contraction and m-orbital deformation in the ijonized
molecule. In context of the constant'# calculations s.c.f. (b) Bloor (1965)
has proposed a general corrected ignization onergy for hydrocarbons as
—(en+1-33) oV, where ey is the highost! occupied molecular orbital energy. For

“p variable” method ionization energy isgiven by the following equation proposed
by Kuni & Kuroda (1968) '

I = —(ea41-06)

€p, 1s as defined aboveo.

The table 3 also contains tho values of ionization potentials corrected by Bloor’s
(1965) mothod and Kuni & Kuroda’s (1968) formula. It is amply clear that
our calculated values are much closer to corrected ionization potentials than
the uncorrected values.

The work reported here seems to suggest that our treatment can be extended
to the systems containing hetero atoms which contribute two 7 electrons, with
the results of sufficient accuracy to bo useful for chemical purposes.
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