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ABSTRACT: In this paper, the results of optical birefringence of binary mixtures of octylcyanobiphenyl-cyclohexane 

have been determined experimentally by measuring the intensity of a laser beam of wavelengths λ = 532 nm 

transmitted through homogeneously aligned cell filled with investigated sample using high resolution temperature 

scanning technique. The nature of variation of optical birefringence (n) against temperature (T) for wavelength (λ 

= 532 nm) having various concentration of cyclohexene (xChex) has been shown. 
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I. INTRODUCTION 

Liquid crystals are the state of matter to facilitate properties between those of the completely disorder 

isotropic liquid  and three dimensionally ordered solid crystal [1]. A solid molecular crystal has a long range 

positional order at the centre of mass as well as long range orientational order. The study of liquid crystals 

began in 1888 by Friedrich Reinitzer [2], Austrian botanist, of a material known as cholesteryl benzoate.  

Experimentally he observed two distinct melting points when the temperature of a solid sample increased.  

At first he suggests that, the crystal exhibit into a hazy liquid with increases of temperature. As he increased 

the temperature further, the material changed again into a clear, transparent liquid. The study of liquid crystals 

gained momentum when Hans Kelker succeeded in synthesizing a substance that had a nematic phase at 

room temperature [3]. The next step to commercialization of liquid crystal displays was the synthesis of 

further chemically stable substances with low melting temperatures by George Gray [4]. Development of 

such hybrid systems having mixtures of liquid crystalline compounds with solvent at different concentrations 

proved to be a useful technique to enhance the optical as well as some other physical properties of the host 

LC materials. Study of the different thermal parameters of solvent doped liquid crystals has attracted a new 

interest owing to their consequence for several application devices based on the electro-optical properties of 

the same. 
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II. METHODOLOGY 
 
A solid state green laser of wave length 532 nm was directed onto a homogeneously aligned (planar) 

liquid crystal cell of thickness 5.1 mm (purchased from AWAT Co. Ltd., Warsaw, Poland) , placed 

between two crossed linear polarizer’s. The temperature of the cell was regulated and measured with a 

temperature controller (Eurotherm PID 2404) with an accuracy of ± 0.1 °C by placing the cell in a custom 

built heater made of brass. The transmitted light intensity was measured by a photo diode at an interval 

of 4 seconds. When the heater temperature is varied at a rate of 0.5oC min-1, this translates into a 

temperature difference of 0.025oC between two readings [5-7]. 

 
III. MATERIALS 

         The pure compound 8CB were purchased from Merck, U.K. and was synthesized and purified by 

Professor Dabrowsky in the Institute of Chemistry, Military University of Technology, Warsaw, Poland. By 

chromatography, the purity was stated to be higher than 99.9% and no further purification was carried out. 

Liquid crystal homogeneous binary mixtures of 8CB+Cyclohexene were prepared at room temperature by 

weighing the pure in compounds in selected proportions and heated up to the isotropic phase. Cyclohexane is 

a cycloalkane with the molecular formula C6H12. It is a colourless, flammable liquid with a distinctive 

detergent-like odor and is used for the industrial production of adipic acid and caprolactam, which are 

precursors to nylon. The general structural formula and the chemical name with transition temperature of the 

compound 8CB is given below: 

CNC8H17

 

   

Octyl-cyanobiphenyl (8CB): Cr 21.5oC SmA 33.5o N 40.2oC I 

 

IV. OPTICAL BIREFRINGENCE MEASUREMENTS 

           The results of optical birefringence have been obtained experimentally by measuring the intensity of a 

laser beam of wavelengths λ = 532 nm transmitted through homogeneously aligned cell filled with investigated 

sample using high resolution temperature scanning technique. The nature of variation of optical birefringence 

(n) against temperature (T) for wavelength (λ = 532 nm) having various concentration of cyclohexene (xChex) 

upon cooling from the isotropic liquid to the room temperature are illustrated in Figures 1. In the isotropic 

phase, the obtained value of n shows zero and it increases rapidly on entering the nematic phase followed by 

the I-N phase transition, due to the fact that the significant variation of molecular ordering. On further 
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decreasing of temperature towards the SmA transition a sluggish but noticeable variation is detected within 

the temperature range of about 1-3 K as well as with a strong pretransitional behavior within that temperature 

range. The possible reason for this prediction is only for relatively stronger coupling between the nematic and 

smectic order parameters. The temperature dependence of n for the whole region is good agreement with 

various rod-like liquid crystals [8].  
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Fig 1. The temperature dependence of birefringence (n) for pure 8CB and the different mixtures of mole fraction of cyclohexane. 1: xchex 
= 0.0 (ΔTshift = 8.0 K); 2: xchex = 0.024 (ΔTshift = 6.0 K); 3: xchex = 0.036 (ΔTshift = 4.0 K); 4: xchex = 0.05 (ΔTshift = 2.0 K); 5: xchex = 
0.114; 6: xchex = 0.159 (ΔTshift = -2.0 K);  xchex = 0.191. 

 
V. CONCLUSION 

In this paper we have undertaken detailed studies of birefringence of 8CB doped with nonmesogenic, low-

molecular weight solvent, cyclohexene,. A dramatic change of pretransitional effect at the nematic-smectic A 

(N-SmA) phase transition is detected.  
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