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CRYSTAL-NEMATIC TRANSITION TEMPERATURE DEPEND ON
ENERGY OF THE TORSION DEFORMATION FOR NEMATOGENE
MOLECULES

YURY E.SHAPIRO AND MIKHAIL YU.GORBACHOV
A.V.Bogatsky Physico-Chemical Institute of the
Ukrainlan Academy of Sclences, Odessa, Ukralne

Apg;:gg& The linear regression equation determining
a dependence between crystal-nematic mesophase transi-
tion temperature, Ty, and energy of the torsion defor-
mation, Ey, 0f the nematogene molecules has been ob-
tained on the strength of calculations by the MM? mo-
lecular mechanics method. It has been performed this
transition occurs on reach such value Ty which cor-
responds to the average quaniity of the heat kinetic
energy <Ex> in respect toc the two short molecule axes
exceeding Ey . The methods of consideration of the
intermolecular association have been examined.

INTRODUCTION

A theoretical evaluation of the phase transition temperature
with ald of calculated parameters of the mesomorphogene mo-
lecules acquires a great interest for understanding of the
mesophase trahsition peculiarities at the molecular level.

RESULTS AND DISCUSSION

The general selection Including 24 organic compounds - ne-
matogenes has been considered for the determination of the
crystal - nematic mesophase transition temperature, TN' de-
pendence on the molecular structure parameters. This gene-
ral selection has been shown in Table 1. The general pecu-
liarity of these compounds consists in the reversed transi-
tion from crystalline phase to nematic mesophase escaping
the smectic mesophase'~®. In addition the interval of the
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Ty values 1s large enough: from 28T K to 551 K. The selec-
ted nematogenes belong to various classes of the organic
compounds and contain the aromatic (benzene, pyridine, di-
phenyl) as well as the saturated (1,3-diloxane, pyperidine,
cyclohexane) rings 1n the molecular structure. Such seg-
ments as -N=N(0)-, -N=CH-, -00C-, -C=C- etc. are the brid-
ges between rings.

The methods of molecular mechanics with the Allinger
strength field, MM2, have been used for calculation of the
molecular characteristics for the investigated compounds.
These methods are good for the determination of the
conformational moblility of organic molecules. 1t allows 1o
calculate their geometiric parameters such as & bond length,
valence and torslon angles, as well as their energetic and
electronic characteristics’.

Table 1 shows the calculated full energles, Ep, Van
der Waals, Eyy, and torsion deformation, Ep, energies, dls-
tances between the most remote atoms along the principal
axls of molecule, L, and dipole moments, u. The comparison
of the experimental 'I‘N values and thelr molecular parame-
ters shows that only Eqp Increases monotonously with the Iy
rise. The executed multicorrelation analysis has confirmed
this conclusion. In one's turn the Ifollowing regression
analysis permits to obtain the linear Eq. (1) comnecting
the Ty and Ep values:

Ty = 9.829 Ep + 183.454 (R = 0.980, S = 14.073) (1)

where R 18 a correlation coefficient and S 1s a standard
deviation (in K).

Table 1 shows also the Ty values calculated by Eq. (1)
besides the experimental values. Taking into consideration
first of all the fact that KTy value (where kK 18 the Boltz-
mann constant) 1s the average kinetic energy of molecules,
<EK>' relating to the two degrees of freedom (relatively to
the two molecular axes unlike the principal), one can write
Eg. (1) 1in the more general form Eg. (2):
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where o = 9.829 k and f§ = 183.454 k. Taking into account
the clrcumstance that a value of the torsion deformation
energy, Ep, 1s the integral characteristic immediately
connected with energetic barriers of the internal rotation
about the all bonds in the molecular structure, the physl-
cal sense of the Eg. (1) wlll be clear.

Really in conformity with the foregoing it can be con-
cluded that the transition of nematogene molecules Ifrom
crystalline phase to nematic mesophase 18 possible on rea-
ching such Ty temperature for which the average kinetic he-
at energy, <Eg>, relatlvely the two short molecular axes
becomes quite enough for overcoming the total barrier, Ep.
The same follows from Eg. (2). The internal rotation around
the single bonds gets possible after this overcoming. By
that the molecular orientatlion along the principal axis
stays practically identical to the same for crystalline
phase. However statistical discovering of the various stru-
ctural segments relatively the two short axes for the nea-
rest molecules springs up at once.

Hence a Iormation of the liquid-crystal nematic meso-
phase has been conditioned by ‘thawing' of the internal mo-
bility for nematogene molecules by overcoming of the inter-
nal rotation barriers about bonds taking part in ones. The
kinetic energy of molecules by their heat motion about the
two short axes 1s consumed for that. Such transition from
crystalline phase to nematic mesophase may be called the
rotational transition.

The dependence of crystal-nematic transition on the
Internal rotation of nematogene molecules has been confir-
med indirectily by the experimental data of their different
reaction ability in crystal and nematic mesophase®.

One can conslder few examples of the molecular struc-
ture peculiarities iInfluence on the TN value. AS the [first
example the two isomeric diphenyl derivatives (Table 1,
compounds 19 and 21) are examined. The Ty value for the
compound 21 1s on 23.8 K more than the same for the compo-
und 19. This one can be explalned by the torsion deformatl-
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on energy for the compound 21 belng more than that for the
compound 19 because of the potential barrier increase. The
last 1is stipulated by the mutual repulsion between hydrogen
atoms of the pyridine carbon, 03. and CH=N-bridge.

For the compound 25 the torsion deformation energy for
the adamantyl fragment makes the significant increment to
the EI, value. Moreover thls increment 1s not caused with =a
rotation of the adamantyl fragment in the whole. The ener-
getic parametiers for adamantane have been calculated for an
appreclation of the torsion deformation In the above menti-
oned fragment. The torslon deformation energy for adamanta-
ne is great and amounts to 10.89 kcal/mole. Therefore 1In
agreement with the above-mentioned in Eq. (1) we must uti-
lize the difference of Ep = 21.08 - 10.89 = 10.19 kecal/mole.
By this substitution the calculated value of Ty = 283.6 K
1s in conformity with the experimental value®.

This example permits to conclude that only that part
of the torsion deformation energy, which is stipulated by
the rotation of the conformationally 'hard’' molecular frag-
ments relative another must be used as ET In Eg. (1). The
part of this torsion deformation energy depending on the
deformation energy in such fragments must be eliminated,
since 1t 1s not connected with the internal rotation ari-
sing by the considered phase transitlon. This condition 1s
necessary, but it 1s not enough for the prediction of the
nematic mesophase realization of the potential nematogenes.

In conclusion we are obliged to note that Eq. (1)
allows to obtain the sure Ty values only for the nematoge-
nes which molecules do not form the stable associates 1n
a crystalline phase, for example, connected by H-bonds.
This one Incidentally occurs extremely seldom.

However the intermolecular association may be tfaken
into account by calculation using Eg. (1). For 1nstance,
the calculated Ep value for the compounid 26 equals with
19.52 kecal/mole. By Egq. (1) we obtain that the TN value
equals with 375.3 K. However the experimental value equals®
with 443.2 K. Such difference can be explained by the addi-
tional quantity of the heat energy that 1s needed for the
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rupture of the intermolecular N-H...N H-bonds. It may bde
achieved by the essentially more temperature.

It was dlscovered'® by IR spectroscopy that the 2-aro-
yl aminepyridine molecules form dimers in a crystalline
phase connected by the N-H...N H-bonds. We can assume that
this one 1s the case for a crystalline phase of the compo-
und 26. If these H-bond are broken by the transition into
nematic mesophase with the simultaneous rise of the inter-
nal rotation one can write Eq. (1) in form Eq. (3):

Iy = 9.829 (Ep + n Ey) + 183.454 (3)

where n and Ey are the number and the energy of H-bonds. If
we profit by the N-H...N H-bond energy value equals 3.30
kcal/mole!! one can calculate by Eq. (3) the Ty value equ-
als 440.2 K. It agrees well with the experimental value.

Thus a consideration of the energetic effects depen-
ding on an intermolecular assoclation allows to calculate
the Ty values for the organic nematogenes having assoclated
molecules in crystalline phase.
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