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PHASE BEHAVIOUR AND BIREFRINGENCE STUDIES OF A LIQUID
CRYSTAL BINARY MIXTURE

M. MITRA,’ S. SINHA ROY, T. PAL MAJUMDER and S. K. ROY

Dept. of Spectroscopy, Indian Association for the Cultivation of Science., Jadavpur,
Calcutta - 700 032, INDIA

“Dept. of Physics, Bangabasi Moming College, 19 Scott Lane, Calcutta, INDIA

Abstract The phese diagram of binary system of 4-n-pentyl 4-cyanobipheny! (5CB) and 4 -pentyl
phenyl trans-4 pentyl cyclohexane carboxylate (D55) is presented, which shows the presence of an
injected smectic-A phase and a higher order smectic phase (SmG). Refractive indices (n,,n,) and
densities for different compositions of this mixture and for one pure compound (D55) are
measured. The orientational order parameters <P,> sre determined from the polarizability values

(o, %) which are calculated using both Vuks’ as well as Neugebauer’s internal field models. The
experimental order parameter values for the samples having smectic A phase have been compared
with McMillan’s theory and with Maier-Saupe theory for the nematic cases.

INTRODUCTION

The importance of understanding the behavior of the mixtures is to produce better
materials for applications. One of the unusual aspects of liquid crystal binary mixtures of
strongly dipolar and weakly dipolar mesogens is the formation of injected smectic phases,
from the components which do not posscss smectic propertics.' 'lheexistenceof
mjectedmwcncphasesatalowerwmpennnemzyhelpthedewoeteclmology Here we
have studied the phase behavior of the binary mixtures of 4-n-pentyl 4'cyanobiphenyl
(5CB) and 4-pentyl pheny! trans-4-pentyl cyclohexyl carboxylate (D55). Densities and
refractive indices (n,,n,) arc measured for the mixtures and for the second compound in
its purc state. Density® and refractive index” measurements for the first compound have
alrcady been reported. The cxperimental data have been analyzed to obtain the
orientational order paramecter <P2>. Here we have used both Vuks’ and Neugebauer’s
internal ficld models to calculate the polarizabilities (0t,,0t,). Finally we have tried to
compare our experimental <P;> values with McMillan’s theory® for the mixtures having
smectic A phase, and with Maicr-Saupe (MS) theory” for the nematic phase.

EXPERIMENTAL

Texture S

The phase transitions of the purc samples as well as their mixtures were studied by
observing the textures under crossed polarizers with a polarizing microscope (Leitz
Polarizing Microscope) equipped with a hot stage (Mettler FP52). According to the lite-
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raturc'® the compound 4-pentyl phenyl trans-4-pentyl cyclohexyl carboxylate (D55)
posscsses nematic phase only in its mesophase. The phase sequence as obtained from the
literature are given below :

Solid (37°C) Nematic (47°C) Isotropic

According to our texture studics we have found that during heating from the solid
phase it exhibits only nematic phasc in the mcsophase, but during cooling from the
isotropic state it shows a higher order smectic phase (smectic G phase, mosaic texture) in
addition to the nematic phasc. X-ray diffraction studics' also support the presence of the
smectic G phase in this compound. The transition temperatures as obtained by us for this
compound are as follows :

Solid —¥S _, Nematic —2C Isotropic

N

SmG

This higher order smectic phasc exists in the binary mixtures of the two
compounds upto mole fraction of SCB less than 0.07. In addition to the smectic G phase,
the mixtures having mole fraction (x) of 5CB, 0.07<x<0.54, show the presence of
induced smectic A phase (focal conic fan texture).

Optical Studi | |
Refractive indices (n,,n,) were measured using the thin prism method. The experimental
details of this procedure have been given by Mitra et al? We have measured the
refractive indices (n,,n,) within + 0.001 for wavelength A = 5780 A. The experimental
uncertainty of measuring density valucs is 0.1%. We have uscd the Vuks’ isotropic
internal ficld model™ and Neugebauer’s anisotropic internal fickd model' to calculate the
polarizabilities (ct,, o).
The relation’® we used to calculate the orientational order parameter <P;> is as

follow

P> = (06 %)/ (2} - ) 1)
where o) and o are the molecular polarizabilities parallcl and perpendicular to the
molecular long axes respectively.

RESULTS AND DISCUSSION
Figure 1 shows the phase diagram of this binary system. There is a sharp biphasic region
associated with the nematic/isotropic transition, but there exists a narrow region for the

two-phasc coexistence for the smectic/nematic transition. From the density (p) and
refractive index data of the different mixtures as well as pure compounds we have calcu-
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FIGURE 1 Phasc diagram of SCB/D5S5 as a function of mole fraction (x) of 5CB.

lated the polarizability values (o,,0,) following both Vuks' and Neugebauer's
approximations. The order parameter <P,> has been cakculated by using Equation (1).
We could not calculate directly the values of | and . since solid phase data were not
available and we adopted the well-known Haller's extrapolation procedure for this
purpose.’® We have found that both Vuks’ and Neugebauer’s models give different
absolutc valucs of polarizabilitics but the variation of order parameter with temperature is
in reasonable agreement with both the models. Figures 2(a)-2(f) are given to show the
varistion of order parameter <Py> with reduced temperature (T/T.), T. being the

We have fitted our experimental order parameters for the mixtures having smectic
A phase to McMillan’s theory.! According to McMillan the mean ficld potential for the
smectic A phase is of the form,

Vilcoe9,z) = -V Sact cos(2nz/d) + {1 + oo cos(2xz/d)} P:(coeb)] (3]
where d is the layer spacing along the z-direction; 0 is the anglc made by the molecular

long axis with the director, assumed to be in the z-direction; 8 and a are two constants
which depend on the characteristics of the molecules. | = <P(coe8)> is the orientational
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FIGURES 2(a)-2(f) Temperature dependence of <P,> for SCB/DSS mixtures at different
compositions, x = mole fraction of 5CB, & and o, arc McMillan potential parameters.
Dashed line - McMillan <P,> valucs; Solid line & Maicr-Saupe <P,> values.

order parameter, T = <cos(2nz/d)> is the translational order parameter and o = <P,(c0s0)
cos(2nz/dy> is the mixed order parameter describing the correlation on the coupling
between the orientational and translational orders. We have obtained the paramcter v
from the nematic/isotropic transition temperature, assuming the simple mean field result,
kTv=0.22019.
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Using the single molecule potential function in the mean ficld approximation, the
single molecule distribution function has been obtained. The potential, V), contains the
undetermined order parameters n, T and o. The three scts of sclf-consistent equations
will give the expected values of v, T and p. In this paper we have replaced the symbol n
by the more commonly used <P;>. The theorctical values of order paramoters are shown
in the respective figures. The values of 5 and o which produce the best agreement with
ﬂwexperinmtalmﬂhmdsogiwninmhﬁgm.mmmretal‘hmobwmdm
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increasc in the entropy change at the smectic/nematic transition for another system of
binary mixtures having injected smectic A phase. From their measurements on transition
the entropy reaches maximum in the binary composition where the stability of the
smectic A phase is maximum. At the same time they have found a minimum in the
birefringence and dielectric anisotropy of such mixtures, which corresponds to the
maximum entropy change or maximum stability of the smectic A phase. X-ray studies by
Das et al."” on this binary system have also confirmed that the orientational order
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paramcter becomes minimum in that composition of the mixture, where the smectic A
phase is most stable. Our cxperimental results on density, refractive indices on our binary
system also support the above mentioned findings for the injected smectic A phase.

For the nematic phasc we have comparcd our experimental <P,> values with
Maier-Saupe’ moan field theory. The temperature dependence of the order parameter of
pure SCB has alrcady been reported.’ Here we have taken the reported values of <P,>
for 5CB. The agreement of our experimental data with Maier-Saupe theory is quite
satisfactory for the nematic phase in the mixtures except near the clearing temperature
where the experimental <P> values are quitc low in comparison with the theoretical
valucs. But for the pure 5SCB compound the agreement between theory and  experiment
is
poor. As we go on decreasing the amount of 5CB in the mixturcs, the experimental <P,>
values are closer to the Maier-Saupe mean ficld theory.
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