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ABSTRACT 
Ultrasonic velocity, density and viscosity of the ternary mixture of Benzene + Chloroform + 

Cyclohexane, were measured at 303.15, 308.15 and 313.15 K. The thermodynamical 

parameters such as adiabatic compressibility ( ), intermolecular free length (Lf), free volume 

(Vf), internal pressure ( i), acoustic impedance (Z), molar sound velocity (R) and molar 

compressibility (W)  have been obtained from the experimental experimental data for all the 

mixtures, with a view to investigate the exact nature of molecular interaction. Adiabatic 

compressibility and intermolecular free length decrease with increase in concentration and 

temperature.  The other parameters shows almost increasing concentration of solutes. These 

parameters have been further used to interpret the molecular interaction part of the solute and 

solven in the mixtures. 
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1. INTRODUCTION 

Ultrasonic velocity affects the physical 

properties of the medium and hence one 

can furnish information about the liquid 

and liquid mixtures. In recent years, 

ultrasonic velocity is gaining importance in 

understanding the nature of solute-solvent 

interactions [1]. Knowledge of 

thermodynamic and acoustical properties is 

of great significant in studying the physical 

behaviour and molecular interactions in a 

variety of liquid mixtures of pure [2,3], 

liquid mixtures [4-6] and electrolytic 

solutions [7-10]. A survey of literature 

shows that scanty work has been done on 

binary mixtures phenol with some organic 

liquids [4,5]. The present work reports 

evaluation of some acoustical parameters 

of ternary mixtures of Benzene + 

Chloroform + Cyclohexane at 303.15, 

308.15 and 313.15 K.  

The adiabatic compressibility , 

intermolecuar free length, free volume, 

internaal pressure, acoustical impedance, 

Rao‘s constant and Wada‘s constant of 

mixtures at various temperatures haven 

been studied in the present paper. Such data 

are expected to highlight the role of solute 

and solvents in the solutions and its 

influence on temperature. 

 

2. EXPERIMENTAL 

The ultrasonic velocity in the liquid 

mixtures have been measured using an 

Ultrasonic interferometer (Mittal type -82, 

New Delhi, India) working at 2 MHz 
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frequency with accuracy  0.1 ms
-1

. The 

interferometer is a fixed frequency variable 

path type. Ultrasound of constant frequency 

is generated at the bottom of the cylindrical 

sample cell using quartz crystal and is sent 

into the medium under study. The 

propagated waves after getting reflected at 

the reflector surface held at the top of the 

cell, again travels back through the same 

medium.  These two waves form stationary 

wave pattern and hence nodes and 

antinodes are formed in the medium.  A 

fine micrometer screw is provided in the 

set up that allows for finer movements of 

the reflector plate in the medium. Thus 

moving the reflector plate for a fixed 

number of antinode (or node) positions, the 

distance moved for a known number of 

waves can be known. Use of frequency 

with these data will yield the sound 

velocity in the medium. The density and 

viscosity are measured using a Pycnometer 

and an Ostwald's viscometer of accuracy of 

 0.1kgm
-3

 and 0.001mNsm
-2

 respectively. 

The samples are AnalaR grade of purity 

99.5 % and used directly with out 

purification. The values of density, 

viscosity and velocity of pure samples are 

agreed well with the standard reference 

values. In all systems, the mole fraction of 

the second component, chloroform (x2 = 

0.2) was kept constant, while the mole 

fraction of the remaining (x1 and x3) were 

varied from 0.1 to 0.8 as to have the 

different compositions. 

 

3. THEORETICAL ASPECTS 

Various acoustical parameters such as 

adiabatic compressibility, intermolecular 

free length, free volume, internal pressure, 

acoustical impedance, molar sound 

velocity, molar compressibility, classical 

absorption coefficient and relaxation time 

have been evaluated on the basis of 

experimental data on density, velocity and 

viscosity from the standard equations (1 – 

7).  

 

Adiabatic compressibility   = 1/(U
2
/ )      -------(1) 

 

Free length     Lf = K
1/2

,   --------(2) 

 where K is Jacobson constant  (6.0816 x 10
4
) 

 

Free volume     Vf = (MeffU/ K)
3/2   

-------(3), 

 where K- constant (4.28 x 10
9
) 

 

Internal pressure   i  = bRT (K  /U)
1/2

(
2/3

/M
7/6 

)   -------(4) 

b = atomic scaling factor(=2), R- Universal gas 

constant, T- temperature 

 

Acoustical impedance   Z = U        -------(5) 

 

Molar sound velocity   R = (M/ )U
1/3        

-------(6) 

and 

 

Molar compressibility   W = (M/ )
-1/7        

-------(7) 
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4. RESULTS AND DISCUSSIONS  

From table -1, The values of ultrasonic 

velocity is increasing trend with 

concentration of cyclohexane. The value of 

density also increasing trend with 

increasing molality of cyclohexane, 

increases the particles in the medium, and 

so the values of sound velocity also 

increases. The increasing density values 

increases the frictional resistance between 

the constituents of the mixture, it tends to 

increase the coefficient of viscosity of the 

solutions. The observed increasing trend of 

sound velocity indicates association among 

the molecules and greater solute-solvent 

interaction, density and viscosity indicates 

that the existence of interaction between 

the constituents of the mixtures. The 

observed (U), ( ) and ( ) decreases with 

increasing temperature shows that the 

interaction are less at high temperatures. 

The higher values are observed in the order 

of 303.15>308.15>313.15 K. The increase 

in thermal energy weakens the molecular 

forces and hence the decrease in velocity is 

expected. 

From the Table -2 In the same Table 1. the 

value of adiabatic compressibility ( ) the 

ease with which the medium can be 

compressed is higher in lower 

concentration. This shows the more 

available space, due to the density of the 

medium. Intermolecular free length 

depends upon adiabatic compressibility and 

shows a similar to that of compressibility‘s. 

The Lf is found to be a predominant factor 

to determining the nature of ultrasonic 

velocity in liquid mixtures. The 

intermolecular free length (Lf) is the mean 

distance between the surfaces of 

neighboring molecule, also reflects the 

same trend as that of . This indicates 

significant interaction between solute and 

solvent molecules. With increase in 

temperature, since adiabatic 

compressibility increases, it clearly 

indicates temperature dependence of . The 

value of intermolecular free length (Lf) 

shows the decreasing trend in an increase 

of (CYH) concentration in all solvent 

systems. This is in agreement with the 

observations made by Syal et al. With 

increase in temperature, the magnitude of 

Lf increases.  

From the same Table 2., it is noticed that a 

concentration of (CYH) increases, the free 

volume decrease whereas internal pressure 

increases. The internal pressure ( i) is the 

resultant of force of attraction and force of 

repulsion per unit area between the 

components of the mixtures. The measured 

values are in same trend with that of the 

concentration of solutes, the average 

available volume between the molecules of 

mixture is referred as free volume (Vf) 

reflects the reverse trend as that of internal 

pressure.  However, with rise in 

temperature, increase in free volume and 

decrease in internal pressure are noticed in 

all systems. This suggests the close packing 

of the molecules inside the shield. 

From Table.3., it has been indicated that 

the values of molar sound velocity (R) and 

molar compressibility (W) observed are in 

increase in trend in all concentration and 

are independent of temperature, pressure 

and concentration for unassociated and 

weakly associated molecules. The values 

suggest the availability of more number of 

components in a given region thus leads to 

a tight packing of the medium and thereby 

increase the solute-solute interactions. In 

the present system, R and W are found to 

be independent of temperature but show a 

gradual increase as (CYH) content is 

increased in the solvent mixture.  

From the same Table.3, the acoustical 

impedance Z is the product of ultrasonic 

velocity and the density of the medium, in 

general increase with increase in molality 
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of toluene. The higher values are observed 

in 303.15 K whereas lower values at 313. 

15 K. An increase in trend of acoustical 

impedance hints the closeness of solute 

particle and hence enhancing the existing 

interactions. The observed increase in Z 

with composition of the mixture is an 

evidence for the presence of interaction 

between the components of the liquid 

mixtures under study. Similar conclusion 

was arrived by Hasun
17

, the same trend as 

that of Z by Suryanarayana (1972) and 

Raveendranatha and Ramamurthy 

(1990)
18,19

. The same trend observed by 

Nithiyanantham and Palaniappan ((2011), 

(2012)) in some carbohydrates 
(20-22)

. 

 

4. CONCLUSION 

From the Ultrasonic measurements we can 

find a general conclusion about strong 

intermolecular interaction between the 

components in the mixtures, measured and 

calculated acoustical parameters, solute-

solvent and solute-solute interactions are 

predicted, but solute-solvent interactions 

are higher than solute-solute interaction. 

The order of temperatures in 

313.15>308.15>303.15 K. 
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Table 1. Measured values of ultrasonic velocity (U), density ( ) and viscosity ( ) of 

Benzene + Chloroform + Cyclohexane  at 303.15, 308.15 and 313.15 K. 

 

 

Table 2. Calculated values adiabatic compressibility ( ), intermolecular free length (Lf), 

free volume (Vf) and internal pressure ( i) of   
Benzene + Chloroform + Cyclo hexane  at 303.15, 308.15 and 313.15 K. 

s.

n

o 

molality 

 

   (m) 

 X 10
-10

      

 N
-1

m
2
 

Lf X 10
-11  

m 

Vf X 10
-3  

m
3
mol

-1 
i X 10

5
   

Nm
-2

 

303.15 308.15 313.15 303.15 308.15 313.15 303.15 308.15 313.15 303.15 308.15 313.15 

 

1 

 

0.01 7.8740 8.0150 8.1476 5.6009 5.6508 5.6973 2.5441 2.7071 2.8080 0.2212 0.2168 0.2196 

 

2 

 

0.02 7.8842 8.0366 8.3506 5.6045 5.6584 5.7679 2.6814 2.6987 2.8279 0.2223 0.2200 0.2212 

 

3 

 

0.03 7.8977 8.0612 8.5506 5.6093 5.6670 5.8023 2.7450 2.8252 2.8316 0.2236 0.2231 0.2252 

 

4 

 

0.04 7.9067 8.0619 8.5935 5.6125 5.6673 5.8512 2.7947 2.8317 2.8530 0.2246 0.2259 0.2281 

 

5 

 

0.05 7.9234 8.0745 8.7419 5.6184 5.6717 5.9015 2.8371 2.8910 2.8956 0.2253 0.2259 0.2294 

 

6 

 

0.06 7.9420 8.2591 8.9174 5.6250 5.7708 5.9604 2.9203 2.9241 2.9061 0.2258 0.2280 0.2317 

 

7 

 

0.07 7.6399 7.7902 8.0870 5.5162 5.5710 5.6761 2.9641 3.0102 3.0445 0.2262 0.2274 0.2295 

 

8 

 

0.08 7.1949 7.3136 7.5756 5.3539 5.3979 5.4937 3.0618 3.0973 3.1361 0.2261 0.2280 0.2295 

 

9 

 

0.09 6.9206 7.1445 7.3923 5.2508 5.3351 5.4268 3.2229 3.2521 3.2879 0.2230 0.2252 0.2267 

s. 

no 

Molality 

(m) 

U 

ms
-1

 
 

kgm
-3

 
  

Nsm
-2

 

 

303.1

5 

308.1

5 

313.15 303.15 308.15 313.15 303.15 308.15 313.15 

 

1 

 

0.01 

1144 1136 1128 970.4 966.8 964.6 0.9582 0.8942 0.8560 

 

2 

 

0.02 

1136 1126 1096 982.8 981.4 973.6 0.8968 0.8832 0.8204 

 

3 

 

0.03 

1120 1112 1088 1009.4 1003.2 994.4 0.8579 0.8276 0.8079 

 

4 

 

0.04 

1112 1104 1072 1022.8 1017.2 1012.6 0.8310 0.8142 0.7847 

 

5 

 

0.05 

1104 1096 1056 1035.5 1031.4 1025.8 0.8072 0.7864 0.7565 

 

6 

 

0.06 

1096 1072 1042 1048.2 1041.8 1036.8 0.7730 0.7553 0.7387 

 

7 

 

0.07 

1112 1104 1088 1058.8 1053.2 1044.6 0.7676 0.7504 0.7312 

 

8 

 

0.08 

1136 1128 1112 1077.0 1074.6 1067.5 0.7539 0.7387 0.7205 

 

9 

 

0.09 

1152 1136 1120 1088.8 1084.6 1078.4 0.7213 0.7049 0.6874 
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Table 3.  Calculated values acoustical impedance (Z),  molar sound velocity (R) and molar 

sound  compressibility (W) of  Benzene + Chloroform + Cyclo hexane  at 303.15, 308.15 

and 313.15  K. 

 

s.

n

o 

Molality 

 

   (m) 

 

Z X 10
6
  

kgm
-2 

s
-1

 

 R X10
-3  

m
10/3  

s
-1/3 

mol
-1

 

W X10
3 
  

  m
3
/mole  

    (N/m
2
)

1/7
 

303.15 308.15 313.15 303.15 308.15 313.15 303.15 308.15 313.15 

 

1 

 

0.01 
1.1101 1.0982 1.0880  0.0982 0.0984 0.0986 0.1877 0.1879 0.1880 

 

2 

 

0.02 
1.1164 1.1050 1.0670 0.0961 0.0960 0.0959 0.1841 0.1838 0.1847 

 

3 

 

0.03 
1.1305 1.1155 1.0819 0.0925 0.0929 0.0930 0.1780 0.1786 0.1786 

 

4 

 

0.04 
1.1373 1.1229 1.0855 0.0905 0.0908 0.0903 0.1744 0.1749 0.1741 

 

5 

 

0.05 
1.1431 1.1304 1.0832 0.0886 0.0887 0.0881 0.1711 0.1713 0.1703 

 

6 

 

0.06 
1.1488 1.1168 1.0803 0.0867 0.0866 0.0862 0.1678 0.1679 0.1669 

 

7 

 

0.07 
1.1773 1.1627 1.1365 0.0856 0.0859 0.0866 0.1659 0.1663 0.1668 

 

8 

 

0.08 
1.2234 1.2121 1.1870 0.0842 0.0842 0.0844 0.1634 0.1633 0.1636 

 

9 

 

0.09 
1.2533 1.2321 1.2078 0.0832 0.0830 0.0831 0.1615 0.1613 0.1630 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


