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Abstract:- The behaviour of ultrasonic wave propagation through liquid solution has become an 

important tool for studying physical and chemical properties of liquid solutions. The density, viscosity 

and ultrasonic velocity of of cholesteryl oleyl carbonate have been studied. From  the experimental 

data various thermo acoustical parameters such as free volume, internal pressure and Rao’s constant 

and Wada’s constant have been evaluated. Molecular interactions in aqueous cholesteryl oleyl 

carbonate  in terms of these thermo-acoustical parameters have been discussed. 
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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. It is used in some 

hair colors, make-ups, and some other cosmetic preparations. It can be also used as a component of the liquid 

crystals used for liquid crystal displays. 

Cholesteryl oleyl carbonate 

 
 

Molecular formula                  C46H80O3 

Molar mass                             681.13 g/mol 

 

II. EXPERIMENTAL 
Stock solution of  a aqueous cholesteryl oleyl carbonate  was prepared in doubled distilled water. The 

densities of pure solvent and their solutions were measured with accuracy 0.0001 g/cm3.The ultrasonic velocity 

of Pure solvent and their solutions were measured by using digital ultrasonic interferometer operating at 2 MHz. 

All the measurements were carried out at 302.15 K. The uncertainty of temperature is 0.1 K and that of 

concentration is 0.0001 mol/dm3. Viscosity was measured with Ostwald viscometer. Uncertainties in the 

measured viscosities were within ±0.03%. The thermodynamic parameters such as Rao’s constant (R) and 

Wada’s constant(W) using ultrasonic velocity, density and viscosity data have been evaluated. The experimental 

data of ultrasonic velocity (U),viscosity and Rao’s constant(R) ,Wada’s constant(W) are given in Table 1 & 2 

 

III. THEORY 
The velocity of ultrasonic waves in the liquid mixture have been measured using an ultrasonic 

interferometer (Mittal Enterprises, New Delhi) working at a fixed frequency  of 2MHZ with a tolerance of ± 

0.005%. The measuring cell is a specially designed doublewalled vessel with provision for temperature 

constancy. The high frequency generator excites a quartz crystal fixed at the bottom of the measuring cell, at its 

resonant frequency. The capacity of the measuring cell is 12cc. A fine micrometer screw, with a least count of 

0.01mmm at the top of the cell, can be raised (or) lowered the reflector plate in the liquid through a known 

distance. The measuring cell is connected to the output terminals of the high frequency generator through a 

shielded cable. Ultrasonic waves, normal to quartz crystal, are reflected from the reflector plate. Stationary 

waves are formed in the region between reflector plate and the quartz crystal. The micrometer is slowly moved 

till a number of maximum readings (n) of the anode current is passed. The total distance moved by the 
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micrometer is noted (d). From the experimental data of density and ultrasonic velocity and viscosity of pure 

solvent and solutions, various acoustical parameters were calculated using following standard equations. 

 

Viscosity (ηs) 

ηs =(ρsts/ρwtw) ηw 

Where 

ηs and ηw are the viscosities of liquid solution and water 

respectively 

 ρs, ρw are densities of solution and water respectively 

& ts, tw are flow rate of solution and water respectively 

Rao’s constant (R) 

R = [Mw/ ρs ] x U1/3 

Wada constant (W) 

W=[ Mw/ ρs ] x β-1/7 

Where β is an adiabatic compressibility 

Acoustic Impedance (Z) 

The Specific acoustic impedance is given by 

Z = Uρ  

Where U and ρ are velocity and density of liquid respectively 

 

Table 1. Variation of density, ultrasonic velocity and raos constant,wada constant of aqueous cholesteryl oleyl 

carbonate 

 Abs. 

Temp c nD  x 10
-3

 

a x 

10
10

 

Z x 10
-

6
 Rn x 10

26
 Bw x 10

26
 

 m/s  Kg  m
-3

 m
2 
N

-1
 

Kg m
-

2
 m

10/3 
s

-1/3
 m

20/7 
kg

1/7
s

-2/7
 

303 1748 1.504 0.9829 3.33 1.72 1.39 2.60 

304 1568 1.503 0.9807 4.15 1.54 1.34 2.52 

305 1492 1.502 0.9786 4.59 1.46 1.32 2.49 

306 1504 1.501 0.9740 4.54 1.46 1.33 2.51 

307 1420 1.497 0.9731 5.10 1.38 1.31 2.47 

308 1456 1.497 0.9720 4.85 1.42 1.32 2.49 

309 1616 1.496 0.9701 3.95 1.57 1.37 2.57 

310 1624 1.495 0.9680 3.92 1.57 1.37 2.58 

 

Table 2. Variation of Raos constant, adiabatic compressibility with temperature 

      Abs. 

Temp n/2  c nD 

 mm mm m/s  

303 4.37 0.874 1748 1.504 

304 3.92 0.784 1568 1.503 

305 3.73 0.746 1492 1.502 

306 3.76 0.752 1504 1.501 

307 3.55 0.71 1420 1.497 

308 3.64 0.728 1456 1.497 

309 4.04 0.808 1616 1.496 

 

Table 3. Variation of acoustic impedance, vanderwalls constant 

   Z(=c) 

 g/cc kg/m
3
 Sp. Acoustic impedance 

 0.9829 982.90 1.72E+06 

 0.9807 980.70 1.54E+06 

 0.9786 978.60 1.46E+06 

 0.9740 974.00 1.46E+06 

 0.9731 973.10 1.38E+06 

 0.9720 972.00 1.42E+06 
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IV. RESULT AND DESCUSSION 
It is observed that viscosity increases with rise in concentration. This indicates that there exists a strong 

interaction between solute and solvent which is also supported by ultrasonic velocity. The variation of raos 

constant with temperature is as shown in Fig. 1 The molecules of liquid are not closely packed and as such there 

is always some free space between them. The wada constant changes with  temperature as shown in Fig. 2 

which shows that solute solvent molecules are coming close to each other and the space between them is 

decreasing with rise in temperature. This supports to the strong solute – solvent interaction in liquid 

solution.Internal pressure is the fundamental property of liquid which provides an excellent basis for examining 

the solution phenomena and studying the various properties of the liquid state. It is a measure of change in 

internal energy of liquid solution as it undergoes a very small isothermal change. It is a measure of cohesiveor 

binding forces between the solute and solvent interaction. It is found that vanderwalls constant is increasing 

with increasing temperature as shown in Fig. 3. This shows that binding forces between the solute and solvent in 

liquid solution are becoming stronger which shows that there exists a strong molecular interaction or binding 

forces between the solute and solvent interaction. It is found that vanderwalls constant is increasing with 

increasing temperature as shown in Fig. 3. This shows that binding forces between the solute and solvent in 

liquid solution are becoming stronger which shows that there exists a strong molecular interaction. 

 

a(=1/c
2
)  Rn(=Mc

1/3
/) 

adiabatic compressibility  Rao's no. 

3.33E-10 3.33 1.3857E-26 

4.15E-10 4.15 1.3394E-26 

4.59E-10 4.59 1.3202E-26 

4.54E-10 4.54 1.3300E-26 

5.10E-10 5.10 1.3059E-26 

4.85E-10 4.85 1.3184E-26 

3.95E-10 3.95 1.3677E-26 

 

b r(=[3b/16N]
1/3

) 

van der wall's constant effective molecular redius 

0.693 4.095E-09 

0.694 4.098E-09 

0.695 4.101E-09 

0.699 4.107E-09 

0.699 4.108E-09 

0.700 4.110E-09 

0.702 4.113E-09 

 

Fig.1 variation of raos constant with temperature 
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V. CONCLUSIONS 
Ultrasonic velocity and density have been measured for aqueous solution of cholesteryl oleyl carbonate 

of  at 2 MHz. Viscosity and internal pressure increases with concentration shows solute Solvent interaction 

present in the solution and are stronger. The Wada’s constant and Rao’s constant decreases with rise in 

concentration. This shows that solute solvent interaction in the system takes place and supports the facts. 
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Fig. 2 Variation of Wada’s constant with temoerature 
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Fig 3. Variation of vanderwalls constant with temperature 
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