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Abstract A conformational analysis of dimethyl azoxy-

benzene has been performed using a quantic semi-empi-
rical method: PCILO. The results allow us to deduce the
low energy zones and the most stable conformations. A
comparison between these results and those for the aro-

matic core of PAA is made.

TTRODUCTION

Many experimental studies have emphasized the role of inter-
nal rotations in mesogen molecules like ’I'BBAl—4 and PAA5—8.
In precedent studies, we performed a theoretical conforma-
tional analysis on these isolated moleculesg—‘lo to roughly
estimate the intramolecular contribution of these motions

from an energetic point of view. Now we are interested by
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the roticns in nematic polyesters and especially for the
mesogen moiety of these polymers,the dimethyl azoxy benzene.
As it was noted before for the PAA and TBBA molecules, the con-—
formational changes of the core have no influence on the con-
formational changes of the chains and vice versa.We will com-
pare the possibilities of motion in this molecule to those

in the azoxy benzene,aromatic core of PAA.

METHCD AND GEOMETRY
The calculations were carried out using a quantic semi-empi-
rical method,the PCILO one: this is a perturbational method

in which the wavefunction is built fram orbitals localized

on the chemical bonds.It was shown that this method lead to
satisfying results when it is employed for conjugated mole-
cules of similar structurell.

The precise geometry of the dimethyl azoxy benzene is unknown
so we used standard geometry for the benzene rings and the me-
thyl groups i.e.thebenzene groups are hexagonal with C-C bonds
of 1.39 & and C-H bonds of 1.08R,and the methyl groups
are tetrahedral with C~C bonds of 1.54 & and c-H
bonds of 1.09 &.The geometry of the central azoxy group was
assumed to be the same as that of the PAA determined by RX12:

& o o
ro = 1.496 & ro = 1.218A 1, =1.279 A

112° ,N=N-C =115° ,N-C-4 = 131°,

IN=N
$—C-N = 123 ° ,C-N=N

It

C-N-O =118° .
We considered the rotations around the two C-N bonds and tho-
se of the methyl groups around the C-C bonds. (Cn the figu-

re 1 all the torsional angles are at 0°.)
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FIGURE 1. The dimethyl azoxy benzene moliecule.

RESULTS OF THE CALCULATIONS
The energy map E=£(6,¢) is presented in fiqure 2 for the po-

sitions of the methyl groups which lead to lowest eneray.We
will discuss about these positions later.

FIGURE 2. Energy map E=f (s, ) for dimethyl azoxy benzene.

A very important result is that the rotations around the C-N
bonds are no more independent.This fact is in opposition to

the conclusions of the precedent study on the pAal0,
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We can see on this figure three low energy zones (correspon-—
ding to energy less than 2 Kj/mole,the thermal agitation ener-
gy kT)and two high energy zones(above 15 Kj/mole):

~the first one (I)spreads around the minimum energy (at 6=60°
and ¢ =30°)fram 30° to 75° for 6and fram 15° to 45° for e.
~the two other low enercy zones (IT and IIT)are similar each
other,extended from 110° to 130° for 6 (respectively from
230° to 250°)and from 0° to 40° for e.

~the largest high energy zone (IV) is for all the ¢ values
and for 6 values between 160° and 210°:a close position of
the oxygen atom and a methyl group is forbidden.

-the other one(V) spreads around the highest energy position
(e =30°,8 = 300°,E = 20 Kj/mole)i.e from 15° to 60° for e,
and from 285° to 310° for u.In this zone the interaction bet-
ween the methyl groups remains always strong whatever be
their positions.

It is interesting to compare these results with those obtai-
ned for the azoxy benzerne so we show in figures 3 and 4 the
energy curves E =f(8) for €min and E =f(g) for emin for

the two molecules.
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FIGURE 3. Enexgy curve E=f(8) for €min =30°.



Downloaded by [Tomsk State University of Control Systems and Radio] at 13:15 20 February 2013

CONFORMATION OF DIMETHYL AZOXY BENZENE MOLECULE 273

EKJ/ Mole

A\
?

&an
T
i
!
\
/
{
]
i

60 120 180 €

FIGURE 4. Energy curve E=£(e) for 8 in= 60°.
{ —— )dimethyl azoxy benzene; ( —s—+)azoxy benzene

We can note twe points:
-the enerqgy curves E=f(¢),c varying between 90° and 180°
are quite the same but the energy minimum in this zone,for
the dimethyl azoxy benzene,is about 4 Kj/mole above the ab-
solute minimum enerqgy.
—-the energy curves E=f(8) and E=f (¢) (¢ between 0° and 90°)
present several differences,at first,the low enerqgy zones
are thiner and the minima are lightly shifted; in another
part, the coplanar positions ( 6=0° or ¢=0°) are less favou-
red than for the azoxy benzene and the barrier heights are
near thbose of the perpendicular conformations(about 4-8 Kj).
This last fact is more evident if we consider all the
positions of the methyl groups and not only the prefered
ones.We calculated all energies E=f(yl,y2)for each 6,¢ and
we observed important variations in the energy differences
between the more and less favoured positions of the methyl
groups.For example,the energy difference is about 120 Kj
for 6=e=0°,it reduces to 40 Kj/mole when 8=60° and ¢=0°,it
becames 20 Kj/mole when e::30° and 6=0° and is only 6.5 Kj
for the minimumm position.Thus the rotations of the methyl

groups become much easier when the molecule is distorted.
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CONCIISTON

If we summarize these results we can say that the presence
of the methyl groups in ortho-positions to the azoxy group
hinders the possibilities of motions around the C-N bonds.
Some conformations become forbidden,or have a hicher enerqgy
than in the azoxy benzene unsubstituated,principally when
the methyl groups are too much near the oxygen atom; the
interactions between the methyl groups contribute to increa-
se the distorted character of the molecule.These two main
conclusions are in agreement with the model used to fit the

N 13 .Nevertheless this

experimental results obtained in R
agreement is only qualitative because the temperature choo-
sen for the fitting is near the transition one,between the
solid and nematic phases,where the intermolecular forces

are still strong, whereas the calculations consider only the

intramolecular energy.
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