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Abstract:Viscoelastic properties of liquid crystals are very important for applications like display technology. 

Certain molecules do not show a single phase transition from the crystalline 

to the liquid state on heating, but rather a series of transformations involving new phases possessing a state of 

aggregation intermediate bctwcen those of highly ordered crystals and of isotropic liquids. For this reason they 

are termed as liquid crystals (LC) or mesogens. Liquid crystals can be roughly categorized as lyotropic or 

thennotropic liquid crystals. Heating such crystalline solids or cooling them from their isotropic liquid phase 

can give rise to liquid crystalline phases. Several materials exist in the LC phase at room temperature, and 

many other room temperature LC materials can be produced by using mixtures of compounds. All components 

of the mixture need not necessarily be individually capable of forming LC phases in the latter case. An 

essential requirement for liquid crystalline or mesomorphic behaviour is that the molecules must be 

geometrically anisotropic in shape. 

The ultrasonic velocity measurement is a unique tool in characterizing the structure and properties of the 
system and provides significant information on the arrangement of matter in solutions and also finds an 

extensive application in studying the nature of intermolecular forces. In the present work, attempts have been 

made to investigate the behavior of cholesteryl oleyl carbonate at various concentrations also at different 

temperatures. The Ultrasonic velocity, viscosity and density are measured experimentally. In order to get more 

information on the nature and strength of molecular interaction, we have calculated the viscosity of cholestryl 

oleyl carbonate is done according to the statistical calculations [19,20]. 
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I. Introduction 
Cholesteryl oleyl carbonate (COC) is an organic chemical, an carbonate ester of cholesterol and oleyl alcohol 

with carbonic acid. It is a liquid crystal material forming cholesteric liquid crystals with helical structure. It is a 

transparent liquid, or a soft crystalline material with melting point around 20 °C. It can be used with cholesteryl 

nonanoate and cholesteryl benzoate in some thermochromic liquid crystals, its 

Molecular formula C46H80O3 

Molar mass 681.13 g/mol 

  

It is used in some hair colors, make-ups, and some other cosmetic preparations. 

 

Some Formulae of the parameters to be calculated are  
                                                               

The specific acoustic impedance (Z) is expressed as  

     

Surface Tension(S)  is determined  by the following formula: 

  3
2

4103.6/  Sv
 

The statistical mechanical approach is also useful to predict relationships between different physical properties 

of liquids [19 –22], such as: Relation between surface tension and viscosity is  

 

                ή/σ =16/15 √M/RT 

 

where σ is the surface tension of the liquid and ή [21] is viscosity of liquid ,T is the temperature,Eq.  is justified 

by experimental data mainly at the 

melting point of liquids [19]. In the present study, we have used the ultrasonic Interferometer (Mittal Enterprises 

Make) for the observation of ultrasonic velocity (C) and knowing the frequency we can find out various 

parameters such as adiabatic compressibilitysurface tension , viscosity. And temperature variation using 

temperature bath. .An ultrasonic interferometer is a widely used device to determine the ultrasonic velocity in 

CZ .
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liquids with high precision. The principle applied in the measurement of ultrasonic velocity (C) is based on the 

accurate determination of the wavelength (λ) in the medium. 

 Ultrasonic wave of known frequency (f) are generated by a quartz crystal fixed at the bottom of the 

measuring cell. These waves are reflected by movable metallic plate kept parallel to the quartz crystal. 
If the separation between these two (i.e. Quartz crystal and metallic plate) is exactly a whole multiple of sound 

wavelength, the standing waves are formed in the medium. This acoustic resonance gives a reactionary electrical 

response in the form of an anode current on the frequency generator deriving the crystal. If the distance between 

the plate and crystal is now increased and decreased and the variation is exactly one half wavelength (λ /2) or a 

multiple of it, the anode current of the frequency generator becomes maximum. By knowing the wavelength (λ), 

the ultrasonic velocity can be calculated by the relation  

C(velocity) = wave length(λ)  frequency (f) 
Acoustical parameters were calculated using the measure values of velocity. The values of ultrasonic velocity, 

surface tension of  cholesteryl oleyl carbonate at different temperatures (303K, 308K, 313K, 318K and 323K) 

are given in Table 1. 

Table 1 
Abs.                                 
Temp 

   
Velocity         σ                    Eta 

           T      C    Sigmax10-4      Eta(ή) 

303 1748 4.53 2.510051422 

304 1568 3.84 2.124227009 

305 1492 3.55 1.964223859 

306 1504 3.58 1.975388192 

307 1420 3.28 1.807603847 

308 1456 3.40 1.871610292 

309 1616 3.97 2.180628857 

310 1624 3.99 2.188547632 

311 1644 4.06 2.22068596 

312 1660 4.11 2.244911738 

313 1764 4.49 2.449869386 

314 1548 3.68 2.006363233 

315 1500 3.51 1.90674912 

316 1524 3.58 1.945530084 

317 1468 3.38 1.832348809 

318 1444 3.29 1.781041827 

319 1468 3.36 1.818933842 

320 1416 3.18 1.716830414 

321 1388 3.08 1.660051655 

322 1368 3.01 1.618346817 

323 1284 2.73 1.466206633 
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Fig1: viscosity vs surface tension
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II. Results And Discussion: 
 In our present work, ultrasonic velocity on nonaqueous solutions of cholesteryl oleyl carbonate at 

different  temperature were studied. The calculations of viscosity of cholestryl oleyl carbonate is done according 

to the statistical calculations [19,20]. statistical mechanics provides a solid scientific basis to calculate viscosity 

of liquids.One of the useful approximate solutions of the statistical mechanical approach is due to Chapman 
[20], who characterized the force between the atoms in liquids by a distance parameter (the Goldschmidt atomic 

diameter, di) and a semi-empirical energy parameter (ei).Chapman showed that the reduced experimental 

viscosity data can be plotted as a function of the reduced temperature using a unique curve for all liquids. From 

figure 1 we have concluded that surface tension and viscosity are directly proportional to each other[5,6]. Figure 

2 shows variation of surface tension and viscosity with temperature.  It is observed that the both surface tension  

and viscosity decreases with the increasing value of temperature, but  a clearly visible change of the temperature 

evolution occurs at 307 and 313 , which may point to BP II and BP I [3] phase transitions. Recently the 
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stabilization of blue phases over a temperature range of more than 60 K including room temperature (260–

326 K) has been demonstrated [17,18] . Highly chiral liquid crystals, on the other hand, may exhibit one or more 

blue phases (BP) as they are heated from the helical phase to the isotropic phase. In addition, the blue phases 

possess a much higher viscosity than either the helical or isotropic phase. In both cases, it is likely that the 

crystalline ordering of the blue phases is responsible for giving these liquids properties which one usually 

associates with solids. The phase of a thermotropic liquid crystal is temperature dependent. As temperature is 

varied, the conditions on the translational and orientational order of the constituent molecules which produce the 
most energetically favorable system may also change.Its very encouraging to find the values of viscosity from 

the surface tension calculations using ultrasonic velocity.  
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