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In the present work, our investigation is to study the optical and thermal 

properties of the binary mixture of nematic and cholesteric compounds 

namely, 2-cyanonaphthalen-6-yl 4-(3, 7-dimethyloctyloxy)–benzoate 

(CNDOB) and cholesteryl nanonate (CN), which exhibits different 

liquid crystalline phases of Cho-SmA-SmC-SmC*-SmE phases and it 

is obtained sequentially when the specimen is cooled from isotropic 

phase. These phases have been characterized by using X-ray and 

optical texture studies. The temperature variation of electrical 

conductivity and helical pitch of the cholesteric phase has been 

discussed. 
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Introduction:- 
Liquid Crystals are a state of matter that is intermediate between the crystalline solid and amorphous liquid. Liquid 

crystals are flow like ordinary liquids and also exhibit anisotropy in their optical, electrical, magnetic properties like 

crystals. They are also called as mesophases because of their intermediate nature. Liquid crystalline materials are 

broadly classified as thermotropics and lyotropics. In thermotropics, the phase transition is mainly controlled by 

temperature: whereas in lyotropics, apart from temperature: phase transitions are controlled by the concentrations of 

molecules. On the basis of molecular arrangement, thermotropics are further classified into three main types namely, 

nematic, smectic and cholesteric. Nematics are characterized by orientational order while smectics have an 

additional positional order. Cholesterics are similar to nematics but, chiral in structure.   

 

The cholesteric phase is regarded as twisted nematic wherein the molecules are orientationally ordered, but at the 

same time they are rotationally disordered withrespect to long axis [1-3]. It is well known that, if a small percentage 

of cholesteric liquid crystals added to nematic, it results in the helical direction and pitch of the phase 

increases.When the pitch is comparable to wavelength of light the phase become iridescent because of the selective 

reflections of light. The recent studies on the mixture of cholesteric and nematic liquid crystals reveals that the 

mixture exhibits frustrated blue phase, twisted grain boundary phase, tilted phase, cholesteric phase and quasi 

crystalline phase[4-6]. Because of the tremendous potentialities of the liquid crystals in the field of display device 

technology, we have proposed the studies on the optical and thermal properties of mixture of cholesteric and 

nematic liquid crystals. Optical, thermal and X-ray studies have been carried out to understand the intermolecular 

interactions and the name of the induced smectic phases exhibited by the mixture.  
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Experimental section:- 

In the present investigation, we have been considered the binary mixture of liquid crystalline materials, namely: 

cholesteryl nanonate (CN) and 2-cyanonaphthalen-6-yl 4-(3,7- dimethyloctyloxy)–benzoate (CNDOB). The 

chemicals are purified twice with benzene. Mixtures of twenty different concentrations of CN in CNDOB were 

prepared and were mixed thoroughly. These mixtures of various concentrations of CN in CNDOB 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 a hot stage. The samples were sandwiched between the slide and 

cover slip and were sealed for microscopic observations. The X-ray broadening peaks were obtained at different 

temperatures using JEOL diffractometer. The density and refractive indices in the optical region are determined at 

different temperatures by employing the techniques described by the earlier investigators [7, 8]. Electrical-

conductivity measurements of the mixture at different temperatures were carried out using digital LCR meter and a 

proportional temperature control unit. 

 

Results and Discussions:- 
Phase Diagram:- 

The partial phase diagram of given molecules is a very important method to determine the stability of liquid 

crystalline phase at different temperatures for different concentrations. The partial phase diagram in the present case 

is as shown in Figure 1. This clearly illustrates that, the mixtures with concentrations ranging from 5% to 85% of 

CN in CNDOB exhibit Cholesteric  SmA, SmC, SmC* and SmE phases sequentially when the specimen is cooled 

from its isotropic melt. But the mixtures with concentrations ranging from 10% to 65% of CN in CNDOB show only 

SmC* phase in addition to the above phases respectively at different temperatures. [9]. 

 

Optical Texture Studies:- 

For the purpose of optical texture studies, the sample was sandwiched between the slide and cover glass and then the 

optical textures were observed using Leitz-polarizing microscope in conjunction with hot stage. The concentrations 

ranging from 10% to 65% of the given mixture are slowly cooled from its isotropic melt. The genesis of nucleation 

starts in the form of small bubbles and slowly grow radially, which form a spherulitic texture of cholesteric phase 

with large values of pitch and texture is as shown in Figure 2(a) [10-12] at temperature 94 
0
C. On further cooling the 

specimen, the cholesteric phase slowly changes over to focal conic fan shaped texture, which is the characteristics of 

SmA phase and is as shown in Figure 2(b) at temperature 80 
0
C. On further cooling the specimen, SmA phase 

changes over to schlieren texture of SmC phase, which is as shown in Figure 2(c) at temperature 65 
0
C. The SmC 

phase is not stable and then changes over to SmC* phase, which exhibits radial fringes on the fans of focal conic 

textures, which is characteristic of chiral SmC* phase. Further cooling the specimen, the chiral SmC∗ phase changes 

over to the crystalline SmE phase, which remains up to room temperature and then it, becomes crystalline phase. 

 

Conductivity Measurements:-  

Electrical-conductivity measurements help in getting better idea on the phase behavior with temperature. An abrupt 

increase or decrease of electrical-conductivity with temperature relates to the phase behavior of the lyotropic and 

thermotropic systems [13].The temperature variation of electrical-conductivity for the sample of 40% CN in 

CNDOB is shown in Figure 3. The changes were observed in electrical-conductivity, the values correspond to liquid 

crystalline phase transition of thermotropic and lyotropic systems, respectively, at different temperatures and they 

were also identified by optical texture studies. It was observed that, the electrical-conductivity shows changes as we 

move from 96.5
0
C→90.5

0
C, 90.5

0
C→70

0
C, 70

0
C→60

0
C, and 60

0
C→51

0
C, 51

0
C→48

0
C which correspond to phase 

transitions Ch→SmA, SmA→SmC, SmC→ SmC*, SmC*→SmE and SmE→Cryst phases respectively. This type of 

behavior is generally observed in hexagonal, cubic and lamellar phases of lyotropic and thermotropic systems [14, 

15]. These abrupt changes cannot be throughout if only due to change in the orientation of molecules. They can be 

attributed to changes in the dimension of disk along with changes in orientation. 

 

Helical Pitch Measurements In Smectic And Cholesteryl Layers:-   

The helical pitch measurements were performed on the cholesteric phase following the well-known Grandjean–Cano 

wedge method [16, 17]. The given mixture was taken in a wedge-shaped cell treated for homogeneous alignment. 

The two glass plates formed a small angle at the wedge. The mixture was cooled slowly (0.2°C min
−1

) from 

isotropic cholesteric to smectic phase, which induces an array of equidistant Grandjean–Cano lines. The pitch of 

cholesteric   phase was determined by measuring the distance between the Grandjean–Cano lines as a function of 

temperature. As the temperature was lowered the mesophase changes from cholesteric to smectic phase and the 
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spacing between the lines are increased, indicating that the pitch in the cholesteric phase is also increasing. The 

temperature variation of pitch for the mixture of 40% CN in CNDOB is shown in Figure 4. From this figure, it is 

evident that, the variation of pitch from cholesteric to smectic phase is smooth and continuous. But gradually, the 

value of pitch increases from 0.17 to 0.19 mm upon cooling the sample from cholesteric to smectic phase. The value 

of the pitch increases steeply and reaches a maximum of 0.34 mm at the cholesteric to smectic phase transition. In 

this study, we have noticed that, the sequence is Iso→Cho→SmA→SmC→SmC*→SmE on cooling. Most of the 

data about the helical pitch are available in literature [18]. The pitch is continuous at the cho→smectic transition in 

spite of a rather energetic transition. It increases on cooling to smectic phase and diverges on approaching the SmA, 

SmC, SmC∗ and SmE phases. This divergence is related to the second order nature of the transition. It exhibits a 

steep decrease, close to cholesteric phase which is usually the characteristics of second-order SmA, SmC, SmC∗ and 

SmE phase transitions. 

 

X-Ray Studies:- 

To understand the change in layer spacings in SmA and SmC phases with respect to temperature, X-ray 

diffractometer traces were taken. The traces obtained for the mixture of 40% CN in CNDOB at different 

temperatures correspond to SmA and SmC phases. It is observed that as the temperature increases the layer spacing 

also increases in SmC phase. But in SmA phase the layer spacing’s are almost constant. These variations are as 

shown in Figure 5 [15, 16]. 

 

 
Figure 1:- Partial phase diagram for the mixture of CN in CNDOB. 

 

Figure 2:- Microphotographs obtained in between the crossed polars. 

 
a) Spherulitic texture of cholesteric phase at temperature 94 

0
C. 
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b) Focal conic fan shaped texture of Smectic-A phase at temperature 80 

0
C. 

 

 
c) Schlieren texure of Smectic-C phase at temperature 65 

0
C. 

 

 

 
Figure 3:- Temperature variation of electrical-conductivity σ (x 10

-9
 Ω

-1
 m

-1
) for the sample of 40% CN in CNDOB. 

 

 
Figure  4:- The temperature variations of pitch for the mixture of 40% CN in CNDOB. 
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Figure 5:-Variation of layer spacing with temperature for the sample of 40% CN in CNDOB. 

 

Conclusions:- 
In light of the above results, we have drawn the following conclusions. The binary system of given mixture exhibits 

an unusual sequence of phases showing the formation of cholesteric, SmA, SmC, SmC* and SmE phases in different 

concentrations of CN in CNDOB. The phase behavior is discussed with the help of phase diagram. The X-ray results 

also lend support to the above observations. Changes in the values of electrical conductivity with temperature 

suggest that the size of aggregated molecules goes on increasing and the electrical conductivity is also increasing, 

while the mixture is cooled from the isotropic phase. The pitch of cholesteric phase is continuously increasing at the 

transition from cholesteric to smectic phase transition. But, it is very interesting to see that it increases on cooling to 

smectic phase, which evidently diverges on approaching the SmA, SmC, SmC*and SmE phases respectively at 

different temperatures. 
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