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Thermal Characterization and Mesomorphic
Properties of Binary Mixture of Two Non-Mesogenic
Compounds
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The binary mixture of two non-mesogenic compounds, viz., cetyl-dimethyl-ethyl-
ammonium bromide (CDEAB) and orthophosphoric acid (H; PO,) exhibits very interest-
ing liquid crystalline smectic phases at large range of concentrations and temperature.
The mixture with lower and higher concentrations of CDEAB exhibits SmA, SmE, and
SmB phases, sequentially when the specimen is cooled from its isotropic phase. Different
liquid crystalline phases observed in the mixture were studied using differential scan-
ning calorimetry (DSC), X-ray, and optical microscopic techniques. The temperature
variations of optical anisotropy and electrical conductivity have also been discussed.
Helfrich potential and elastic moduli have been estimated in the smectic phase using
Helfrich model.

Keywords Binary mixture; Helfrich potential; mesomorphic phases; non-mesogenic;
temperature dependence

Introduction

Liquid crystals are highly anisotropic fluids that exist between the boundaries of the solid
phase and the conventional isotropic liquid phase. Thermotropic liquid crystals exhibit
a mesomorphic behavior within a specific temperature range. They are either discotic,
having a planar, disc-like, or cylindrical-shaped rod-like molecules [1,2]. The binary and
ternary mixtures of some non-mesogenic compounds exhibit lyotropic and thermotropic
mesophases [3,4]. The mesophases of thermotropic and lyotropic liquid crystals are ther-
modynamically stable but only partially ordered phases. Each mesophase is described by
its degree of order. If the mesophase has orientational order only, it is called nematic (N),
if it has both orientational and positional orders, it is called smectic (Sm). The nematic
liquid crystal phase is technologically the most important mesophase. It is used in almost
all commercially available liquid crystal displays [5-7].

The importance of liquid crystals lies in their extensive use in display devices, as well
as many other scientific applications [8]. However, the use of liquid crystals in different
devices depends upon various properties owned by them like order parameter, dielectric
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constant, dielectric anisotropy, birefringent behavior, elastic constants, etc. A particular
application of liquid crystals requires a particular set of parameters of the liquid crystal
in required range. Studies on physical properties of lyotropic/thermotropic liquid crystals
are of importance because of their layered structure. Investigations of multi-component
systems containing an amphiphile with water, cholesterol, ethylene glycol, and/or alcohol
are of particular interest. Every component of such systems, with a degree of freedom,
can modify not only the types and structures of the phases but also their various physical
properties [9—12]. Liquid crystals are characterized by their phase transition behavior,
which can be studied both by physically as well as chemically. The studies of physical
and chemical properties are very useful as they provide impotent information regarding
molecular structure, molecular dynamics, and type of molecular interactions in the sample
and hence the probable liquid crystalline phases that could observed by the molecules of
sample [13,14]. It is well established that some of the mixtures of amphiphilic substances
form nematic, cholesteric, Twisted grain boundary (TGB), lamellar, hexagonal, and cubic
structures of the liquid crystalline phases. In lamellar domain most of the defects are
spherulitics, i.e., packing of spherical bilayers in the form of onions. The Friedel’s oily
streaks [15] are observed. Frequently, the mixtures of higher concentrations of amphiphilic
compound exhibit a classical focal conic domain characterized by fan-shaped textures
[16]. The micellar nematic phase has been encountered in the mixture of sodium oleate
and glacial acetic acid [17]. It has also been demonstrated that the micellar nematic to
cholesteric transition may be induced by the addition of optically active compounds
[18].

In the present study, we have considered the mixture of two non-mesogenic com-
pounds, viz., cetyl-dimethyl-ethyl-ammonium bromide (CDEAB) and orthophosphoric
acid (H3POy4). The polymorphic smectic modifications of the liquid crystalline phases
were observed using microscopic technique and they have been verified from the results
of differential scanning calorimetry (DSC), X-ray, and optical anisotropic techniques. Hel-
frich potential and elastic moduli have been estimated in the lamellar smectic phases using
Helfrich model with approximation.

Experimental Studies

The compound CDEAB used in this investigation was obtained from the Basic Pharma
Life Science, Pvt. Ltd., India. They were further purified twice by re-crystallization in
benzene. The melting point of the purified sample is in good agreement with the re-
ported value. H3PO,4 was supplied by M/s SISCO Research Laboratory, Mumbai, India.
The H3PO,4 was used after boiling it at 433 K for 6 hr. The mixture of 15 different
concentrations of CDEAB (by wt%) in H3PO, was prepared and kept in desiccators for
a longtime. Phase transition temperatures of the mixtures with different concentrations
were measured using Leitz-polarizing microscope and conventional hot stage. The sample
was sandwiched between the slide and cover slip, which was sealed for microscopic ob-
servation. The DSC thermograms were taken for different concentrations of the mixture
using the Perkin-Elmer DSC II Instrument facility available at Raman Research Institute,
Bangalore, India. The phase diagram was obtained by plotting the phase transition tem-
peratures as a function of concentrations of CDEAB in H3PO, as shown in Fig. 1. The
phase diagram clearly indicates that the mesomorphism of the mixture is thermodynami-
cally stable for lower and higher concentrations of CDEAB. The X-ray diffraction (XRD)
studies were undertaken by using JEOL- X-ray diffractometer at various temperatures for
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Figure 1. Partial phase diagram for the mixture of CDEAB in H3;PO,.

different concentrations. The density and refractive indices of the mixtures were mea-
sured at different temperatures employing the technique described in our earlier paper
[19].

Results and Discussions

Optical Studies

The polymorphic smectic modifications and the corresponding isotropic to liquid crystalline
phase transition temperatures for the mixture with 40% of CDEAB in H3PO, as presented
in DSC thermogram are shown in Fig. 2. The sequential representation of phases is as
follows:

I —143°C SmA — 101.3°C SmE — 75.2°C SmB — 51°C

On cooling the specimen from its isotropic melt, the setting point is marked by the
genesis of nucleation at several points that appear as minute bubbles initially, but which
progressively grow radially and form a focal conic fan texture of SmA phase in which the
molecules are arranged in layers, the texture is shown in Fig. 3(a). This phase appears to
be metastable and undergoes slow transformations to give a focal conic fan-shaped texture
with radial striation on the fans, which are the characteristics of SmE phase as shown in
Fig. 3(b). The SmE phase is also metastable and it transforms to focal conic fan-shaped
texture on cooling the specimen. This texture corresponds to the paramorphotic [20] focal
conic fan-shaped texture of highly ordered SmB phase as shown in Fig. 3(c), in which
the molecules are arranged in hexagonal close-packed structure. On further cooling, i.e.,
the transition from SmE to SmB phase, it is observed that there is a drastic change in the
values of density, refractive index, and electro conductivity of the sample. This anomalous
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Figure 2. DSC thermogram for the samples of 40% CDEAB in H;PO,.

behavior is presumably associated with high degree of order of the molecular arrangement
in SmB phase.

The phase diagram is shown in Fig. 1 and it clearly illustrates that the lower and higher
concentrations of CDEAB exhibit a wide variety of liquid crystalline phases. Here it is
pertinent to remark that the SmB phase exists at room temperature for the concentrations
from 10% to 90% of CDEAB. But above 90% of CDEAB, the mixture exhibits only
a birefringent region and it is difficult to associate the texture with any of the liquid
mesophase. The most remarkable feature of these CDEAB molecules is the tendency of

Figure 3. Microphotographs obtained in between the crossed polars. (a) Focal conic fan-shaped
texture of SmA (Lamellar) phase (250X). (b) Focal conic fans with radial striation of smectic-E phase
(250X). (c) Paramorphotic fan-shaped texture of highly ordered smectic-B phase (250X).
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Figure 4. Temperature variations of refractive indices for the mixture of 40% CDEAB in H3POj,.

their constituent parts to segregate in space with the creation of interfaces. Evidently,
the polymorphism seems to be entirely depending on the interfacial behavior and this
behavior ultimately leads to the limiting of the polymorphism for homogenous interfaces
for higher concentrations of CDEAB. It can be noticed that the phase transition temperatures
observed in the present study are different from the values observed in a similar type of
study by Nagappa et al. [21] in which the mixture of a different compound with H3;PO4
has been studied. Hence, the interaction of H3PO, looks to be different with different
compounds.

Optical Anisotropy

Results of this investigation are further supported by the optical studies. The refractive
indices for extraordinary ray (n.) and ordinary ray (n,) of the mixture were measured
at different temperatures for the different concentrations using Abbe Refractometer and
Precission Goniometer Spectrometer. The variations of refractive indices as a function of
temperature for 40% of CDEAB in H3PO, are shown in Fig. 4. The value of . is greater than
no, indicating that the material is uniaxially positive. The values of electrical susceptibility
for 40% of CDEAB in H3PO4 have been calculated using Neugebauer relation [22] at
different temperatures. The variation of electrical susceptibility as a function of temperature
for the mixture is shown in Fig. 5. From the figure, it can be observed that wherever there is
an isotropic liquid crystalline phase transition, the value of electrical susceptibility changes
appreciably, which indicates that the changes correspond to various smectic modifications.
Further, with increase in the concentration of CDEAB, the value of electrical susceptibility
decreases with temperature because the effective optical anisotropy associated with the
molecules of CDEAB also decreases.

X-Ray Studies

X-ray studies are very useful for the identification of various types of arrangement of
molecules in the liquid crystalline mesophases. Using XRD data, an attempt has been made
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Figure 5. Temperature variation of electric susceptibility for the mixture of 40% CDEAB in H3;PO,.

to understand the molecular arrangement in the mixture of CDEAB in H3PO,. The X-ray
traces presented in Figs. 6(a) and Figs. 6(b) are taken for 40% of CDEAB in H3PO, at
temperatures 108°C and 120°C, display two sharp peaks at 26 = 7.8° and 7°, which are the
characteristics of SmA phase at respective temperatures. The peaks at angle 30.7° and 31.3°
is sharp owing to the fact that within each layer there is an exactly regular arrangement
of molecules in the lateral direction lying in the plane of each layers. Here, it is pertinent
to remark that there is one auxiliary peak observed in Fig. 6(a) at temperature 108°C that
represents a preceding phase. The effective d spacings are calculated by 2d sin 6 = nA. In
light of the above results, it is confirmed that the non-aqueous binary mixture of CDEAB
in H3PO4 exhibits a lamellar mesophase at different temperatures. At higher temperature,
CDEAB molecules are arranged alternatively in planar double layer separated by H3;PO4
layers leading to SmA phase. From the skeletal structure of CDEAB, the molecule length
turns out to be 24.63 A, which is approximately half of the effective d spacing obtained
from XRD recording.

Helfrich Potential and Elastic Modulus

The free energy of steric inter-membrane interactions exists between undulating neighbor-
ing membranes, when they are side by side in the multilayer systems [23]. The undulation
modes in multilayer systems can be treated in terms of the de Gennes theory [24] of fluc-
tuations in smectic phase, which invokes curvature elasticity and smectic compressibility.
To estimate the Helfrich potential [V (£)], we consider the free energy per unit area

V() = plelr, (1)

where B = 37%/128, (ko/kz T) = 0.75 (the repulsive force between the membrane), kg =
bare bending constant, and kg is the Boltzmann constant.

The V (&) of membrane varies with inverse square of the membrane spacing assumed
that the local tilt of the membrane induced by undulations remains in effect well below
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Figure 6. (a) XRD traces obtained for the mixture of 40% CDEAB in H3PO, at temperature 108°C.
(b) XRD traces obtained for the mixture of 40% CDEAB in H;PO, at temperature 120°C.
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Figure 7. Variation of Helfrich potential with concentrations of CDEAB in H3POj,.

/2. £ is the mean membrane separation. Here, it has been considered that the value of “£”
is equal to the value of “d” [25].

The variation of Helfrich potential along with the concentrations of CDEAB is shown
in Fig. 7 and, hence, it is very interesting to note that the Helfrich potential values increase
as the concentrations of the CDEAB increase. This result invokes that in dilute region of
the mixture, V(&) value decreases. This is supported by the nature of variation exhibited by
the elastic modulus.

The elastic modulus (K) [25] of smectic compressibility is calculated using the relation

_ 372 (kgT)?
K = "ta @)

where k. is curvature elastic modulus.

The elastic modulus is also estimated for the mixture of different concentrations at
various temperatures. The graph obtained by plotting the elastic modulus as a function
of the concentrations of CDEAB is presented in Fig. 8. From the graph, it is observed
that as the concentration of CDEAB decreases, value of the bulk modulus also decreases.
The small values of electrical susceptibility, bulk modulus, and Helfrich potential in low
concentrations are due to the lesser value of density in which the interaction of smectic
layers with the neighboring layers appears to be very less.

Conductivity Measurements

To obtain reliable data on the phase behavior with temperature, electrical conductivity mea-
surements are necessary. A small change in electrical conductivity with temperature relates
to the phase behavior of the lyotropic and thermotropic systems [26]. The temperature
variations of electrical conductivity are as shown in Fig. 9. The changes were observed in
electrical conductivity, the values correspond to different liquid crystalline phase transi-
tions of the thermotropic and lyotropic system at various temperatures and they were also
identified by DSC and optical texture studies. It was observed that a change in electrical
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Figure 8. Variation of elastic modulus with concentrations of CDEAB in H3PO,.

conductivity at temperatures 58°C, 85°C, and 110°C corresponds to the phase transition
from crystalline to SmB, SmB to SmE, and SmE to SmA phases, respectively. This type
of behavior is generally observed in hexagonal, cubic, and lamellar phases of lyotropic and
thermotropic systems [27,28].
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Figure 9. Temperature variation of electrical conductivity o (7' m™") for the sample of 40% of
CDEAB in H3PO4.
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Conclusions

Microscopic investigation of the binary mixture of CDEAB and H3;PO, shows the existence
of SmA, SmE, and SmB phases for all concentrations of CDEAB. The phase behavior is
discussed with the help of phase diagram. The drastic changes in the values of density,
refractive index, anisotropy of polarizability, and electrical conductivity with the variation
of temperature unambiguously correspond to polymorphic smectic phases, respectively.
Drastic changes in electrical conductivity are expected to be due to changes in the dimension
of disks along with changes in the orientation order of the arrangement. X-ray and DSC
studies also lend support to these observations.
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