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Abstract 

We report the results of our studies on optical and thermal properties of binary 

mixture of two compounds viz., abietic acid and alizarin dye. The mixture 

shows very interesting co-existent biphasic regions of nematic (N + I), 

calamitic thermotropic nematic (N) and Smectic-G phases, sequentially when 

the specimen is cooled from its isotropic phase respectively at different 

concentrations of given molecules. Refractive indices, birefringence and 

optical transmittance have been measured by the optical technique. With the 

help of measured data, the macroscopic ordered parameter has been discussed. 

The temperature dependence of these parameters has been discussed. Electro-

optical effect of co-existent biphasic region of nematic (N + I) phase has also 

been discussed. 

Keywords: Binary mixture; Molecular aggregation; Optical anisotropy; Phase 

transition; Optical transmittance; 

 

INTRODUCTION  

Liquid Crystals are materials: that are structurally intermediate between solids and 

liquids, which make them unique model. Many liquid crystal sub-phases are defined 

by the degree of positional and orientational ordering of the molecules and the 

materials that make up these liquid crystal phases. One is thermotropic liquid crystals: 

which exhibit mesomorphic behaviour within certain temperature range. The 
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mesophase of thermotropic liquid crystals are thermodynamically stable, but only 

partially ordered phase. Each mesophase is described by its degree of order. Liquid 

crystalline materials generally have several common characteristics; one of the 

characteristics is the phase transition temperature which is measured over temperature 

range. To achieve useful temperature range, various mixtures can be used. The 

miscibility of low molar liquid crystal is an important both for the identification of 

various liquid crystalline phases and for the preparation of mixtures with well defined 

phase transitions. If there are several methods used for characterization of various 

liquid crystalline phases Viz. Polarizing Microscopy Studies (PMS), Fourier 

Transform Infrared (FTIR) Spectroscopy, Differential Scanning Calometry (DSC) etc. 

The phase transition of liquid crystal between various mesomorphic forms occurs at a 

thermodynamically defined temperature as the liquid crystal undergoes a change in 

internal order at the point of phase transition [1-7].  

In the present work, we have considered the mixture of alizarin dye and abietic acid. 

The co-existent biphasic regions of nematic (N+I) and calamitic thermotropic nematic 

(N) phases have been observed using optical microscopic technique. Experimentally 

measured data of refractive index and its anisotropy have been discussed. The 

macroscopic order parameters have been evaluated by the measured anisotropy of 

given mixture. Temperature dependent optical transmittance has also been discussed 

[8, 9]. 

 

EXPERIMENTAL STUDIES  

Mixtures of twenty five different concentrations of alizarin dye in abietic acid were 

prepared, and they were mixed thoroughly. The mixtures were kept in desiccators for 

six hours. Samples were subjected to several cycles of heating, stirring and 

centrifuging to ensure homogeneity. Phase transition temperatures of the mixture 

were measured with the help of a polarizing microscope in conjunction with a hot 

stage. The samples were sandwiched between the slide and cover slip and were sealed 

for microscopic observations.  Refractive indices values have been measured with the 

help of Abbe’s refractometer (MITTAL 1245) whereas optical transmittance 

measurements have been done on polarizing microscope (CENSICO 7626). The 

constant temperature has been maintained by microprocessor based temperature 

controller Julabo F-25 (Germany) in all studies. Electro-optical measurements were 

carried out by the usual experimental setup of Williams [10]. 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 ±1 𝜇𝑚 were used and 

observations were made at 110 0C using polarizing microscope in conjunction with a 

hot stage. 
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THEORTICAL STUDIES 

The relationship between refractive index parallel ((𝑛𝐼𝐼) and perpendicular  𝑛⊥ to the 

direction of molecular axis. The macroscopic order parameter can be obtained by 

modifying the equations [11] as  

𝑛𝐼𝐼 = �̅� +
2

3
Q . ∆n  (1) 

 

𝑛⊥ = �̅� −
1

3
Q . ∆n (2) 

where �̅� is the average refractive index and ∆n is the birefringence corresponding to 

complete alignment 𝑛𝐼𝐼 = 𝑛𝑒 , 𝑛⊥ =𝑛𝑒 [23,24]. From both the equations (1) and (2), 

we get  

Q =
𝑛𝐼𝐼−  𝑛⊥

∆𝑛
=

𝑛𝑒−𝑛𝑜

∆𝑛
=

𝛿𝑛

∆𝑛
  (3) 

where 𝛿𝑛 = 𝑛𝑒 − 𝑛𝑜 

The value of macroscopic order parameter equal to 1 represents complete order at 

absolute temperature that is at O K  𝛿𝑛 = ∆𝑛. So the macroscopic order parameter (Q) 

has been obtained by extrapolating ∆𝑛 for T = 0K. This extrapolation is done on the 

linear portion of the graph drawn between birefringence ∆𝑛 against ln (1- T/TC) as 

evaluated by others [12], here TC is the smectic to isotropic phase transition 

temperature [13]. 

 

RESULT AND DISCUSSIONS 

OPTICAL STUDIES 

The molecular orientations of optical textures exhibited by the samples were observed 

and recorded using Leitz polarizing microscope and specially constructed hot stage. 

The specimen was taken in the form of thin film and sandwiched between slide and 

cover glass. All concentrations of dye and abietic acid molecules have a strong 

tendency to stack into aggregates. A larger number of molecular aggregates produce a 

polydisperse system [14-16], that can arrange themselves into ordered co-existent 

biphasic regions of chromonic liquid crystalline phases.  

Mixture of 10% to 30% of alizarin dye in abietic acid has been considered for the 

experimental studies. These mixtures cooled from its isotropic phase: a genesis of 

nucleation starts in the form of molecular orientations, which grow and segregate the 

molecules, which identified as co-existent biphasic region of nematic (N + I) phase 

and it as shown in Figure 1(a). On further cooling the specimen, this phase changes 

over to calamitic thermotropic nematic (N) phase and this phase produces a schlieren 
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texture with disclinations and point defects-boojums [17] and the same as shown in 

Figure 1(b). Sequentially on further cooling the specimen, the calamitic thermotropic 

nematic (N) phase slowly changes over to SmG phase. The molecules in the SmG 

phase are packed within the layers, having their long axes tilted with respect to 

normal to the layer planes [18, 19]. 

 

(a).Co-existent biphasic region of nematic (N + I) phase. 

 

(b). Schlieren texture of calamitic thermotropic nematic (N) phase. 

Figure 1. Microphotographs obtained in between the crossed polars, 

 

OPTICAL ANISOTROPY 

Temperature variations of refractive indices and optical birefringence studies for 25% 

concentrations of the given mixtures have been plotted in Figure 2 and 3. From the 

figure, it can observe that: the values of ordinary refractive index increases where as 

the extraordinary refractive index decreases. Then the value of ordinary refractive 

index as well as extraordinary approaches sharply to isotropic regions of refractive 

index and becomes same at smectic - isotropic transition after that the refractive index 

decreases almost linearly with the temperature like any liquid for given binary 

mixture. Optical birefringence value decreases slowly with increase in temperature 

and then its value decreases sharply with increase in temperature and becomes zero at 

smectic - isotropic transition for the mixture. The temperature variation of 

macroscopic order parameter (Q) is presented in Figure 4. The value of order 
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parameter shows degree of orderness of the molecule. Therefore, the decrease in value 

of order parameter indicates the increase in randomness of molecules finally at 

smectic - isotropic transition. The order parameter value reaches to zero shows 

highest degree of randomness i.e. the isotropic behaviour of sample, but some of 

lyotropic materials shows the order parameter becomes high at all temperatures and at 

different concentrations [20]. 

 

 

Figure 2. Temperature variations of refractive indices for the given sample. 

 

 

Figure 3. Temperature variations of optical birefringence for the given sample. 
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Figure 4. Temperature variation of macroscopic order parameter (Q) for the given 

sample. 

 

OPTICAL TRANSMITTANCE STUDIES  

Temperature variation of optical transmittance for the samples of 25% alizarin dye in 

abietic acid is shown in Figure 5. This clearly illustrates that, the value of optical 

transmittance increases slowly with increase in temperature from 600C to 1000C, 

while the sequence of phase appear from crystalline region to near isotropic region 

and there region suddenly some changes have been observed in the value of optical 

transmittance from  100 0C to 127 0C [21, 22]. The optical transmittance is continuous 

at the Smectic-G to Nematic (N) phase, Nematic (N) phase  - co-existent biphasic 

region of nematic (N + I)  phase transition. Here it can be noted that, the molecular 

orientations of different liquid crystalline phase transition is not energetic. The optical 

transmittance decreases while increasing the temperature and it diverges on 

approaching nematic (N) phase and co-existent biphasic region of nematic (N + I)  

phases. The divergence of optical transmittance can be related to the first-order or 

second order transition. Here in the region of nematic (N) and co-existent biphasic 

region of nematic (N + I) phases, the optical transmittance shows a steep decrease and 

it is very nearer to isotropic region: it is one of the important point to observe the 

phase transition by detecting the enthalpy change associated with it and also by 

measuring the level of enthalpy changes, from this enthalpy studies we can  able to 

learn the type of the phase transition[23], which is the characteristic of first-order 

transitions of co-existent biphasic region of nematic (N+I)  and Nematic (N) phases 

respectively at different temperatures. 
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Figure 5. Temperature variation of optical transmittance for the given sample. 

 

ELECTRO-OPTICAL STUDIES    

Electro-optical measurements are a very important tool in getting better idea on the 

phase transition behavior with electric field at constant temperature. In this 

experimental study we have been considered the sample for the mixture of 25% 

alizarin dye in abietic acid at constant temperature 110 0C. When the electric field 

applied on the sample leads to elastic deformations which become greater towards the 

sample surfaces because of the surface anchoring. For thin enough samples one can 

suppose the electric energy is accumulated into the bulk elastic energy which is 

balanced by the surface anchoring energy on both surfaces. For a critical electric field: 

if at constant temperature the elastic energy of the given mixture shows different 

directions of molecular re-orientations, which are in the form of flow patterns: such as 

stripped pattern and chevron textures: the formations of zig-zag domains are 

characteristic of chevron textures: the forming time of these patterns are mainly 

depends on the applied electric field. If there we have been observed significant 

differences in the opto-electrical and electro-mechanical responses of co-existent 

biphasic region of nematic (N + I) phases. Stripe of this texture does not have a linear 

opto-electrical and electro-mechanical effect at low fields; if only at higher fields it 

does the mechanical vibration have a component of 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 molecular layer structures 

are unchanged by the application of applied electric field and then sequentially we 

have to increase the applied electric field above 22.20 V, the observed pattern 
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becomes dynamic scattering mode-like and it has been appearing like irregularity of 

molecular re-orientations of co-existent biphasic region of nematic (N + I) phases. 

The new disordered regions are arises probably due to the molecules not being 

confirmed to the orientations in the X, Z plane. If the applied voltage is kept constant 

for some time, a completely stationary and regular two-dimensional hexagonal grid 

pattern has been observed. The hexagonal grid pattern textures are as shown in Figure 

6. 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 250Hz, 

23V. From this Figure 6, 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 [24-26]. 

 

 

Figure 6.  Hexagonal grid pattern electro-optical texture. 

 

CONCLUSIONS 

Optical microscopic investigations of binary mixture of alizarin dye in abietic acid 

molecules clearly show the molecular ordering of co-existent biphasic regions of 

nematic (N+I) and calamitic thermotropic nematic (N) phases sequentially when the 

specimen is cooled from its isotropic phase. The measured and calculated values of 

refractive indices, birefringence, optical transmittance and macroscopic ordered 

parameter are decreases sharply with increases in temperature and become zero at 

smectic-isotropic transition. The experimentally measured optical transmittance has 

been discussed based on the order of phase transition of different liquid crystalline 

phases. Under the applied electric field at constant temperature unambiguously 
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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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