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Introduction of a substituent group for
hydrogen in a benzene ring generally resulted
a small but detectable change in various
physical constants. But the nature of the
effect depended much on the position of the
group in the ring, and also on the substituting
group itself. When a large group like that of
the nitro group is substituted in the benzene
ring, such changes are found to be large and
detectable. Certain anomalous effects were
also noticed by different workers, in the case
of nitro group. Abe!? found that m-dinitro-
benzene showed the maximum absorption
band at shorter wavelengths than nitrobenzene.
Such a result was also confirmed by Semba.?
He also measured the equilibrium constants of
isomeric nitroanilines and found that the meta
compound had a very high value compared with
other two isomers. These differences were
attributed to the meta-directing property of
the nitro group. The resonance structures of
the nitro group was also found to contribute
largely to the observed changes in the ultra-
violet spectrum. Jatkar and Phansalker®? from
their measurements of dipole moments of the
nitro-substituted compounds confirmed that
the meta directing inductive effect of the nitro
group had a considerable influence on the
dipole moment.

1) T. Abe, This Bulletin, 33, 220 (1960).

2) K. Semba, ibid., 33, 1640 (1960).
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1962, 22 part II 57.

Bhatnagar and his collaborators® detected a
variation in the diamagnetic susceptibility de-
pending on the position of the substituting
group in the benzene ring, ortho showing a
maximum value. Later Cabrera and Fahlen-
brach® found that in nitrotoluenes the meta
compound had a higher value of Xy than the
other two isomers. French,®? after studying a
large number of compounds, noticed an anomal-
ous effect in the case of nitro-substituted com-
pounds. This anomaly was explained by Baddar
and Mikhail™ and later by Mikhail®, as arising
from the contribution of the quinonoid struc-
tures of the nitro group to the normal structure.
The contribution of the nitro group to the dia-
magnetic susceptibility was found to vary from
145 to 11.74 by Shah et al.®> But Sriraman
and Sabesan!® found that the behavior of the
nitro group, when substituted in the benzene
ring, fell generally in line with the observations
made by Mikhail,®> and no serious irregulari-
ties were noticed by them. The large changes
reported by Shah et al.® could not be explained

4) S. S. Bhatnagar et al., Phil. Mag., 10, 101 (1930); 11,
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satisfactorily, and therefore it was believed that
a careful examination of the diamagnetic con-
tribution of the nitro group, taking some more
compounds also, might be of interest.

Experimental

The investigations were carried out with a Curie
balance.’> A, R. benzene dried over sodium and
distilled over phosphorus pentoxide was used as
standard. Its specific susceptibility was taken as
—0.702x 10-¢ units. Liquids and solids were puri-
fied by standard methods and the purification was
continued till specimens of constant susceptibility
were obtained. The purified substance was filled
in thin-walled glass bulbs, the remaining portion
of the bulb being completely evacuated. The solids
are powdered and then filled up in the bulb to
eliminate orientation effects.

Results

Magnetic susceptibilities of seventeen sub-
stances are given in Table I. The observed
values are the mean of eight very closely
agreeing values, the maximum deviation being
shown in the same table. The last column
refers to the Xy values recorded by other
workers and is given for the sake of compari-
son. The theoretical values were calculated
by taking atomic and bond values as given by
Ingold.!®

Discussion

In all the nitro compounds studied it is seen
that in all cases the meta compound has a
higher Xy value than the other two isomers.
Such a result is normally expected as already
explained by Sriraman and Sabesan'®>. Also
the difference between the experimental values
of ¥m and theoretically calculated values are
less than two units in most cases and for only
a few compounds 4Xyx exceeds three units.
This definitely shows that there is no large ir-
regularity in the behavior of the nitrosub-
stituted compounds and these small differences

12) C. K. Ingold, * Structure and Mechanism in Organic
Chemistry,” Cornell University Press, New York (1953),
p. 193,

13) K. Kido, Sci. Rep. Tohoku. Imp. Univ., 24, 701 (1936).

14) A. Bose, Phil. Mag., 21, 1119 (1936).
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are explicable by taking into account the in-
ductive and resonance effects'®.

The Contribution of the Group (NO:)!'*.—
Sriraman and Shanmugasundaram'® calculated
the contribution of the (NH:)!'* value to
the diamagnetic susceptibility by treating the
shared electrons of the covalent bond as
ionic as suggested by Yang®>. A similar at-
tempt is made to calculate the contribution of
(NO)!'* by taking Angus’ modified ionic
valuel™.

It has been found that the contribution of
(NO:)'* group to the diamagnetic susceptibility,
when substituted in the meta position is about
eight units and the average contribution is 6.7
units. The atomic contribution of nitro group in
organic nitrates was found to be 5.6 by Voiget!®
but in organic nitro compounds he obtained a
value of 8.7 units. But the present value of
6.7 units (on the average) for (NO:)!'* is in
accordance with the value given by Yang!®?
(6.57 units).

The Xx value of CH: when it combined with
O?~ was taken by Yang as 10.78 units. It is
worthy to note that in our present investiga-
tion, (Xx nitroanisole — Xy nitrophenol) in
ortho and para isomeric compounds are 11.01
and 10.64 respectively, making an average of
10.83, a value very similar to the one obtained
by Yang. This arguement cannot be substan-
tiated at this stage until more work is done
in this direction.

Summary

The magnetic susceptibilities of several di-
substituted aromatic nitro compounds were
determined by Curie retorsion method. The
contribution of the (NO:)'* to the diamagne-
tic susceptibility was evaluated by the method
suggested by Yang, taking Angus’ modified
ionic values.
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