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Introduction 

Liquid crystalline materials are the example of self-assembling media on a nano-scale level. Composed of anisotropic 

molecules, liquid crystalline compounds exhibit a great variability of structures, which are strongly susceptible to external 

fields as well as to interaction with the surfaces. For particular molecules assembled in specific architectures: a permanent 

dipole moment can appear thus forming structures with dipolar order, namely ferroelectric or anti-ferroelectric phases. Their 

physical properties have been intensively investigated and they have considered for a large variety of electro-optical 

applications. Recently, display based on anti-ferroelectric SmC* materials have been reported profiting from their higher 

threshold electric field for switching. A large potential application of these liquid crystalline materials is stimulated a great 

progress in the synthesis and research. The outstanding physical properties of ferroelectric (and possibly anti-ferroelectric) 

smectic liquid crystalline (SmC*) are attracting attention especially after the nematic liquid crystal materials have been 

developed to the limits of their performance [1-6]. 

In the present investigation, our aim is to study the binary compounds namely, cholesteryl nonanoate (CN) and 4-(trans-4’-

hexylcyclohexyl) isothiocyanatobenzenes (6CHBT), which exhibits cholesteric, and induced smectic phases, respectively at 

different temperatures. These phases were observed using microscopic technique. Optical anisotropy and the effect of electro-

optical phase transition behavior have been discussed. 
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Abstract 

In the present work, our investigation is to study on the optical and electrical properties of binary mixture of cholesteryl nonanoate 

(CN) and 4-(trans-4’-hexylcyclohexyl) isothiocyanatobenzenes (6CHBT). Mixtures of these molecules exhibits cholesteric and 

induced reentrant smectic-A phases sequentially when the specimen cooled from its isotropic phase. These phases have been 

characterized by using microscopic technique. Thermodynamical response of optical anisotropy of electrical susceptibilities of 

reentrant smectic-A phase has been discussed. Temperature dependent electro-optical phase transition behaviors of the given 

molecules have also been discussed. 
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Experimental Studies 

Mixtures of different concentrations of CN in 6CHBT were prepared and were mixed thoroughly. These mixtures of different 

concentrations were kept in desiccators for a long time. The samples were subjected to several cycles of heating, stirring and 

centrifuging to ensure homogeneity. The phase transition temperatures of these concentrations were measured with the help 

of Leitz-polarizing microscope in conjunction with hot stage. The samples were sandwiched between the slide and cover slip 

and were sealed for microscopic observations. Refractive index has been measured using Abbe refractometer. A polarizer has 

been introduced in Abbe refractometer to block the extraordinary ray, which clears the contrast of the boundary line at view 

of refractometer and hence to calculate birefringence Δ n. Abbe refractometer temperature is controlled by circulating heated 

oil using JULABO F-25, refrigerated circulator. The temperature was measured by placing a thermocouple in close vicinity 

of the sample with an accuracy of 0.10°C. Electro-optical measurements were carried out by the usual experimental setup as 

described by Williams [7]. It consists of tin oxide coated transparent conducting glass plate and the sample sandwiched 

between these two glass plates. Teflon spacers having thickness of d=39 µm ± 1 µm were used and observations were made 

at 65°C using polarizing microscope in conjunction with a hot stage. 

Optical Texture Studies 

Molecular orientations of optical textures exhibited by the samples were observed and recorded using the Leitz-polarizing 

microscope in conjunction with hot stage. The specimen was taken in the form of thin film and sandwiched between the slide 

and cover glass. The concentrations from 10% to 90% of binary mixture of CN in (6CHBT) have been considered for the 

experimental studies. When the specimen of 40% of CN in (6CHBT) is cooled from its isotropic melt and hence it exhibits 

cholesteric, SmA, SmC, reentrant SmA and SmB phases sequentially. While the sample is cooled from its isotropic phase, 

the genesis of nucleation starts in the form of small bubbles growing radially, which are identified as spherulitic textures of 

cholesteric phase. On further cooling the specimen, the texture slowly transform to focal conic fan texture of SmA phase in 

which the molecules are arranged in layers and the texture is as shown in FIG. 1a. On further cooling the specimen, the 

unstable SmA phase changes over to schlieren texture of SmC phase and it as shown in FIG. 1b. Sequentially on cooling the 

specimen, SmC phase slowly changes over to reentrant SmA. 

FIG. 1. Microphotographs obtained in between the crossed polars, a) Focal conic fan shaped texture of smectic-A 

phase. b) Schlieren texture of smectic-C phase. 

In our experimental studies, the different liquid crystalline phases have been identified on the basis of microscopic texture. 

These observations clearly indicate that the given mixture exhibits a very interesting reentrant smectic-A phase [8]. The 

lowest temperature mesophase of some certain compounds exhibits two or more mesophases of the same type, over different 

temperature ranges. Reentrant mesophases are most commonly observed when the molecules have strong longitudinal dipole 
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moments. The sequences of reentrant mesophases have also been found in binary mixtures of non polar liquid crystalline 

compounds [9]. In the given mixture, some of middle concentrations of CN at lower temperatures did not show the molecular 

aggregates in preferred direction of alignment towards the crystalline phase, but it randomly oriented to form a reentrant 

smectic phase. On further cooling the specimen, reentrant smectic-A phase changes over to SmB phase, which remains up to 

room temperature and then it becomes a crystalline phase [10,11]. 

 

Themodynamical Response of Electrical Susceptibility 

Studies on different mixtures of liquid crystalline materials are more important not only from the viewpoint of their 

technological applications but also from that of fundamental studies in the field of molecular interactions [12]. 

Thermodynamic studies are very important role to understand the phase stability, chemical structure and dynamics of liquid 

crystals [13,14]. Temperature dependent molecular orientations of liquid crystalline phases have been considered in many 

technological applications. The applied applications of these technologies are based on the properties of molecular structure 

and intermolecular interactions. The intermolecular forces such as Vander Waals interaction, hydrogen bonds, electron donor 

interactions and steric repulsive interactions are they individually or together may be responsible for increasing or decreasing 

the thermal stability of liquid crystalline phase [15]. 

 

Thermodynamical studies on liquid crystalline phase at different concentrations of binary mixtures of liquid crystalline 

materials are estimated using Boltzmann distribution laws. Draw a graph of variations of thermodynamical response of 

electrical susceptibility as a function of mole fraction for the sample of CN in (6CHBT) at constant temperature 65°C is 

presented in FIG. 2. Here in this context, we have been observed three peaks, which clearly show the degree of micro-phase 

separations and hence they are one of the parameters to controlling a physical property of liquid crystalline materials [16]. In 

this context, the existence of electrical susceptibility can be varied either through chemical modification or through physical 

modification and hence they are depends on nature of additives molecules. From the figure, clearly we observed that, 

statistically how the electrical susceptibility is thermodynamically changes at different concentrations in order to show the 

thermal stability of molecules of the liquid crystalline phase. Here if at constant temperature, the given molecules are 

fractionally varies as increasing the concentrations of additive molecules. 

 

 

 

FIG. 2. Thermodynamical response of electrical susceptibility as function of mole fraction for the sample of CN in (6CHBT). 

 

In this study, it is very interesting to observe a spin temperature. Due to this gradient temperature, on the surface area of the 

molecules of reentrant smectic-A phase, the degrees of freedom of molecules are thermodynamically varies with one mole 

fraction to the other. If an increasing the mole fractions for the sample of CN in (6CHBT); thermodynamical response of 
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electrical susceptibilities of molecular orientations are increases with spin temperature, because the effective intermolecular 

interactions of anisotropic energy associated with the molecules of CN increases with the additive ones. The molecular 

ordering or the thermal phase stability of reentrant smectic-A phase at given constant temperature, the intermolecular 

interactions of anisotropic energy are responsible for the charges of carbon and the adjacent hydrogen molecules and which 

shows the correct electrostatic potentials are reproduced by different partial charge distributions. If increasing/decreasing the 

mole fractions for the sample CN in (6CHBT) and hence it shows small variation of electrostatic potentials and they around 

the molecule. In spite of these uncertainties, the full sets of partial charges are very useful, as it can provide a detailed insight 

into the molecular arrangement in reentrant smectic-A phase and which they reproduce the electrostatic potential. 

 

Electro-Optical Studies 

Electro-optical measurements are a very important tool in getting better idea on the phase behavior with electric field at constant 

temperature. In this experimental study, we have been considered the sample for the mixture of 40% CN in (6CHBT) at constant 

temperature 65°C. When the applied voltage increases, the molecular arrangements of liquid crystalline phase start to fluctuate 

and begin to grow; hence it deforms gradually the original position. Remarkably it has been observed that, if at constant 

temperature, the various aspects of low frequency effects on the given mixture show the different directions of molecular re-

orientations exhibited a flow patterns formed, such as stripped pattern and chevron textures, the formations of zig-zag domains 

are characteristic of chevron textures, the forming time of these patterns depends on the applied electric field. If there we 

observed the significant differences in the electro-mechanical responses of these textures. The stripe of textures does not have a 

linear electromechanical effect at low fields, only at higher fields does the mechanical vibration have a component of the 

frequency of the field. This indicates that the spontaneous polarization has rotated and is no longer parallel to the electric fields. 

In contrast to the director re-orientations, the layer structure is unchanged by the application of the field. Sequentially we have to 

increase the applied voltage above 22.20 V, the observed pattern becomes dynamic scattering mode-like and it has been 

appearing like irregularity of molecular re-orientations of liquid crystalline phase. The new disordered regions are arises 

probably due to the molecules not being confirmed to the orientations in the X, Z plane. If the voltage is kept constant for some 

time, a completely stationary and regular two-dimensional hexagonal grid pattern is observed. The stripped pattern and 

hexagonal grid pattern textures are as shown in FIG. 3a and 3b. The hexagonal grid pattern deforms gradually with increasing 

frequency and at some stage it becomes indistinguishable from the chevron texture. However, the hexagonal grid pattern is 

rather stationary and is formed in a short time at 250 Hz, 23 V. From the FIG. 3a, it follows that, an extremely regular hexagonal 

grid pattern is formed when the external electric field is applied. One of the regions is that, the formation of hexagonal grid 

pattern is the electronic charge injected by the applying external electric field [17-19]. 

 

  

 

FIG. 3. a) Stripped pattern electro-optical texture; b) Hexagonal grid pattern electro-optical texture. 
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Conclusion 

Microscopic investigation of the binary mixture of CN in (6CHBT) shows existence of cholesteric, and induced smectic phases 

such as SmA, SmC, ReSmA and SmB phases for higher/lower concentrations of the given mixture. The drastic changes in 

optical anisotropic measurements values unambiguously correspond to different liquid crystalline phases, respectively at 

different concentrations and temperature. Thermodynamical response of electrical susceptibility have also been discussed to 

understand the degree of micro-phase separations, which is one of the parameters to controlling a physical property of molecular 

interactions of given molecules and show statistically how the electrical susceptibilities are thermodynamically changes at 

different concentrations in order to show the thermal stability, phase stability, chemical structure and molecular dynamics of the 

binary mixture of liquid crystalline phase. Under the applied electric field at constant temperature unambiguously corresponds to 

optical purity of liquid crystalline phases. The various aspects of frequency effects on given mixture show different directions of 

molecular re-orientations: which exhibit a flow patterns formations such as stripped pattern chevron textures and hexagonal grid 

pattern textures and hence these textures microscopically have been observed. 
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