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CALCULATIONS OF THE DIPOLE MOMENTS OF TRI-
SUBSTITUTED BENZENES.—I, 2, 3-, I, 2, 4-AND
, 3, 5-SUBSTITUTIONS
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Puysics DEPARTMENT, ANDURA [INIVERSITY, WALTAIR

(Recetved for pubhication October 12, 1958)

ABSTRACT. Tho previous ealculations of tho author on the dipole moments of 1, 2, 4
tri-substituted benzenes are now extended to tho other two—I1, 2, 3 und 1, 3, 0 substi-
tutions. The equations of Frank are used in computing the induced moments since the
dielectric constant of the internuclear space is introduced directly in these equations to socco-
unt for its effect on the induced moments. Previous caloulations on 1, 2, 4 substitution are
also revised. The equation are applied 1n the first instance to a few typical molecules for which
observed moments are available in the literaturo. Ag t bet tho colculated and
observed values 1s found to be satisfactory for a majority of cases investigated. The caloulated
values also comparod woll with those deduced empirically hy a previous workor.

INTRODUCTION

A general method was given by the anthor (Narag.mpa Rao, 1956) for
calculating the dipole- moments of 1. 2. 4 tri-substituted benzenes assumng
the group moments as may be obtained from tho observations on the corres-
ponding mono-substituted compounds. ‘The equations of Smallwood Herzfeld
(1930) were used in computing the mutual induction of the three primary dipoles
on one another and also the moments induced in the -CH and -C-C bonds of
the h ydrocarbon residue by the primary dipoles. The effect of the dielectric
constant of the internucloar space was not considered in these equations. To
allow for this effect the author has applied a correction by multiplying the
total induced moment by the factor e+-2/3¢ where ¢ is the dielectric constant
of the internuclear space assumed as 2.40 following Le Fovre and Le Fevre
(1937). Tt was found that improved values could be obtained for the calculated
moments when- this correction was applied.

The calculations are now extended to the other two substitutions also, 1, 2
3,and 1, 3, 5. The field equations of Frank (1935) are ‘used in computing the
induced moments since the dielectric constant of the internuclear space is directly
involved in these equations 8o that no correction need be applied at the .end.
The previous calculations on 1, 2, 4 substitution are also revised and presented
in the following pages,. - o
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CALCULATIONS

1, 2, 3 substitution. TFigure 1 represents the case of a 1, 2, 3 substituted
compound. The appropriate angles and distances are shown in the figure.
&1, & and £, are the X-components, 7, 7,, and 7, are the Y-components of m,,

Y
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Fig. 1. 1: 2: 3 substitution.

l

Mge &nd mg respectively (the actual group moment m, is gi‘ven as m, - 1,843m,
where m, is the moment of the mono-substituted compound). Applying the
equations of Frank, the interaction of the three primary dipoles gives the follow-
equations :

&) + 0.1528a,¢," — 0.7039a,7"y — 0.7640a,¢'; — 0.793%y"s = £,
7'y — 0.7939a,£y — 0.7640a,7'y — 0.7939a¢" -+ 0.1528a41's = 7,
0.1528b,¢", — 0.79395,9", + &'y — 1.2224b,', = ¢,

0.7939b,¢'; + 0.7640b,", — 7'y — 0.8112b,"y = —7,

0.7640cy¢’; + 0.7939c,n"; + 1.2224c,8'y — &'y = — &

— 0.7939¢c,£’, + 0.1528c47’; + 0.6112¢,7’y +9'y = 7, .o )
where gt =0y, o’y =a, olrly=ay

ayfry =by,  ayfrly =1y ayfr’y =10,

aglrdy =0, oyfr¥y =105  ag/r’y =, - (2)

&, &g, ay are the polarisabilities of the three substituent groups. In setting up
these equations the fields of the induced moments are also considered since we
have written £’ = £ + £ and 9’ = 9 + 7. Thus as a result of dipolar induction
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each ¢ is modified to a certain ¢’ and each 7 to & certain 3. In order to obtain
the numerical values of ¢’ and 7, the six equations (I') are solved by the method of

post-multiplication (Frazer, Duncan and Collar-1938) giving the values of the six
variables.

The induced moments in the remaining —-CH groups at 4, 5, 6 positions
are caloulated along similar lines.

Values of tho necessary angles and distances
are given in Table T below.

TABLE I
Group (2) (6) (8)
1 r 4.6 3.9 2.26 A
» 0° ~30°  --60°
2 r 3.9 4.5 39
v —30° 60° -90°

3 r 2.26 3.9 46
—680° —90° —120°

Tho final values are given as

T£,=0.008424¢", —0.05439',--0.0005861£',—0.014457’,—0.01663¢',—0.039857",
Ty, =—0.05433£',-+-0.037805', — 0.01445¢' ,-+0.017287',—0.03985¢;-0.062847’,
(3)

In evaluating the induced moments in the —(—~C bonds the various angles and chs-
tances are shown in Table II.

TABLE 1T
Group 1) 2) (3) (4) (5) 6)
1or 1.3 2.6 3.438 3.438 2.6 1.3
” 30° 30° 10°64’ —10°64’ —30° —30°
" 1.3 2.6 3.438 3.438 2.6 13

v —30°  —30° —49°6" --70°64’ -~90° —90°

3 r 13 2.6 3.438 3.438 26 1.3
» —80° —90° -109°6’-130°64' —150° ~150°

The sum of the induced moments in ~C—C bonds ig given as
B¢, = 0.8265§',4-0.07124¢',—0.43597'310.07124£',4-0.43697',
Zy'y= —0.1806y",—0.4359¢',+0.57467',+0.43698'31-0.57467"y . (4)
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The total contribution due to induction in the unsubstituted —C—H groups and
in the —C—C bonds is obtained as

Z(§,+£",) = 0.8349¢", —0.054337', +-0.7183¢',—0.4504y’,+-0.05461¢'3--0.39617 'y
S(gi+7) = —0.05433&'1—0.14271)’1—0.45045',+0.69191,’2+0.3961g',,+0.6374'q’,,-
Finally the resultant moment of the molecule is given as (5.)
p= (M, + 7,0
where M, = Z(§; + &) + &1 + &2+ £
= 1.8349¢',—0.064337';4-1.07183¢'3—0.45049 ;1 1.06461¢';+0.39617',

My= Zmg+7"0+7"1 +7'2+7's
=—0.05433¢',+0.85737', —0.4504¢",+1.59199',+0.3961¢ ', +1.63747’,
' )
1:2:4 Substitution. Figure 2 gives a pioture of this type of ¢ompound.
A consideration of the interaction of the three primary dipoles gives the relations
£',40.1628a,¢',—0.7939a,7'3— 1.22240,¢"y=¢,

Fig. 2. 1 :2: 4 substitution
7', —0.7939%a,£',—0.7640a,7’,+0.6112a47 3=,
0.1628b,£', —0.7939b,’ ¢ ;—0.7640b,¢ ", +0.7930b,7 3 =§,
—0.79390,¢', —0.7640611/'1+'r]',+0.7939b.ﬁ’a+0.1528b,1”,=1;,
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—1.22240,¢", —0.7640c,¢' 3 +0.7930cyn s +£ s =&
0.6112¢4m',+0.7939¢,¢ ", 4-0.1628¢,%" 4+ g =15 e (7)

In this case the sum of the contributions of the induced moment in the unsubsti-
tuted —C—H and —C—C bonds (the necessary distances and angles are given
in Tables I and II of the previous paper —Narasinha Rao 1955) is

Z(¢; +&) = 0.8343'¢,40.045687";+0.1337¢"; — 0.44167',+0.8149¢",+0.0087527,
(7' )= —0.04558£'; —0.14007", —0.4416¢",-+0.5584);,+0.008752¢', —
0094607, -

The resultant moment is again

(8)

p= QM)

with M, = 1.8343£';4-0.04558y",+1.1337¢',—0.44169',4- 1. 8149¢', +0.008752y",
M= —0.04558¢",+0.8600y", —0.4416£',+ 155847 ,-+-0.008752¢",4-0.90567',

e (9)

1, 3, 6 substitution. The method of calculation may be understood from

figure 3. The induced effects in the primary dipoles give the following equations.

Fig, 3. 1 3; b5 substitution

£'1—0.7640a4¢'y—0.7930a47';—0.7640a,¢"y-+0.7930ax's =4,
7'1~—0.7939a.£' 3 +0.1528a,7',+-0.7939a,¢ '3+ 0.1628a,7"y =17,
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—0.7640b,¢",—0.7939b,7", +&'5+0.6112b,8"s =¢,

07939, +-0.1528bg"y +7's— 12224’y = 75

—0.7640¢,¢",+ 0.7939047",-+0.61120,¢ o +£'3=£5

0.79890,4",+0.1528c47", — 1.2224057'e+7' s =175 v (10)

In computing the induced moments in the unsubstituted ~C~H groups and ~C-C
bonds the angles and distances are given in Tables IIT and IV respectively.

TABLE 1II
Group (2) (4) (8)
1o 2,26 4.5 2,268
@ 60° 0° —60°
3 2.26 2.25 4.5
180°  —60° —120°
3 4.5 2,95  2.26
) 120% 60° 180°
TABLE IV
Giroup (1) (2) 3) (4) (6) (6)
1o 13 2.8 3.438 3.438 2.6 1.38
v 30° 30° 10°64’  —10°54' —30° —30°
2 ? 1.3 2.6 3.438 3.438 246 1.3 |
TR —0° —100°¢" —130°64" —150¢  —150°!
3 1.3 26 3 438 3.438 2.4 1.3
v 150° 160° 180°64’  109°6¢ 90~ 90°

For this substitution
I(¢,+-£;) = 0.8179£',4-0.1316¢",-1-0.396179',+0.1315¢',—0.39617 ",
S +7';) =—0.1381y',4-0.3961£',4-0.58877',—0.39615',+-0.58879', e (1)
Finally the total moment of the molecule is given as
b= (M2+MPM with
M, = 1.8179¢'4-1.1315¢',+0.30617'5+1.1315¢', —0.30617",
M, = 0.8634y",1-0.3961¢',+1.58879",—0.3961¢',1-T.68877'y . (12)
RESULTS AND DISBCUSBSION

The method described above is applied to specific cases in the first instance
to. a few typical molecules for. which the observed values are obtained from the
compilation of Wesson (1948) and listed in the following Table V. The deviations
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A = pop- B froutea B0 8 = 3, P hyper,, 80 8180 given in the table for comparison.
A particular point to he noted is the choice of the moment m, of the mono-
substituted benzene to be used in the calculation, since for the same molecule
various values have heen reported in the literature, Values of m, considered

to be the most probable by the author and hence used throughout are given
in Table VI,

TABLE V

Compound Hobs:  Moaled-  Mveotor A 3

2, 3-Dichloronitrobenzenc 3.86 4.34D0 4.78 0 48 0.92
2, 4-Dichloronitrobenzene 2.606 3.01 3 45 0.35 0.79
2, 5-Dichloronitrobenzone 3 45 3.64 3 96 019 0.50

2, 6-Dichloromtrobenzene  £.18 4.76 b 50 0.58 1 32

3, b-Dichloronitrobenzenc 2 66 2.49 2.40 0.17 0.26
1. 3-5, Trichlorohenzenc 0.28 0.00 0.90 0 28 0.28
1, 3-5, "Trirodobenzenc 0 24 0.00 0.00 0.24 0.24
3, b-Dinitrotolueno 4 05 4.10 4.34 011 0 29
TABLE VI

Group mg

NO, -3.95

Cl —1.66

1 —1.20

CH, 10.39

NH. +1.53

Conventionally the group moment is considered positive when the dipole moment
voctor of the group is directed towards the centre of the benzene ring and negative
when it is directed away from the centre. The polarisability values o of the
various groups are agsumed from Smallwood and Herzfeld’s results (1930). Judged
from the magnitudes of A and ¢ in Table V it may be seen that for all the molecules
studied the calculated moments are nearer the observed values wheu the induced
moments are taken into account. For the two symmetric substitutions, 1, 3, 6
tri-chloro- and 1, 3, b tri-iodo benzenes, the induced momentr. get cancelled
and the author’s detailed calculation also gives a zero moment. The reported
3
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values may be due perhaps to the neglect of atom polarisation as in the similar
cage sym- tri-nitrobenzene.

The first five molecules listed in the table are the subject of investigation
by Thomson (1944)-—a sixth isomer is also studied by him— to ascertain whether
there is any steric inhibition of resonance of the nitro group due to vicinal Cl
groups. The molecular solution volumes and molecular refractivities support
the view that in 2, 8-dichloronitrobenzene where there are two Cl groups ortho
to NO, group, resonance between the NO, group and benzene ring is to a large
extent inhibited. It is suggested that even one Cl ortho to NO, will have a
certain inhibitory effect on the resonance. Variations in the parachors are of
the same magnitude and sign as variations in molecular solution volumes. It
may hence be expected that the dipole moment of 2, 6-dichloronitrobenzenc
will be lower than the calculated value even after allowance for inductive effects.
He points out that values found for dipole moments '“are not incongistont with
this view”’. Calculated moments are obtained by Thomson using certagn empirical
rules regarding the interaction of Cl and NQO, groups. (a) Each chlprine ortho
to a nitro group will result in a diminution of moment of 0.59D. This\correction
includes at least two factors- the effect of induction and the effect of \i
of resonance. (b) A chlorine meta to a nitro- group will result in an i
moment by 0.15. In his calculations the assumed values of moments are
CH;NO,—3.97, 0-CyH,ClL,—2.25, wm-CgH,Cl,—1.48, »p-CH,Cl,, A com-
parison is made between the values calculated by the author and those of
Thomson in Table VII below.

TABLE VIL .
(Thomson) (author)
Compound Mealead- Mealed- A
2, 3.Dichloromiirobenzene  3.97 4.34 0.37

2, 4-Dichloronitrobenzene 3.03 3.01 0.02
2, G-Dichlorunitrobenzene 3.38 3.64 0.20
9

, 6-Dichloromtrobenzene 4.27 4.76 0.49

3, b6-Dichloronitrobenzene 2.49 2.49 0.00

The difference between the two types of calculation is shown under A’ in the table.
A’ may be taken as an extent of the inhibition of resonance, since a correction for
this effect is applied by Thomson inherent in rule (&) whereas the author’s values
take account of induction only. There is no method at present to make an
exact estimate of this effect by simple theory. As a logical consequence of the
arguments of Thomson, we may expect that in 2 :6 dichloronitrobenzene in
which the proposed effect must be most pronounced, the nitro-group moment
may have approximately the same value as the corresponding aliphatioc compound-
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nitromethane. If now the calculations are repeated using this value for m,
the observed moment may be explained. Such a procedure has been worked out
agsuming m, = 3.10D and as per our predictions the calculated moment turns
out as 3.94 D which is slightly less than the observed value 4.18 indicating

that resonance of the NO, group 1s inhibitéd to a large extent, thus establishing the
essential point of Thomson.

In 3, 5-dinitro-toluene no such complications are expected since thore are
no methyl or Cl groups ortho to the NO, group and as expected the agreement
hetween calculated and observed values is within exporimental error.

A critical account of the assumptions made in the procedure worked out for

calculating the induced moments and their validity has been given in the previous
paper by the author.
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