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ABSTRACT 
 
The ultrasonic velocity, density and viscosity at 298K have been measured in the binary systems of Cinnamaldehyde 
with acetone and 1, 4-Dioxane. From the experimental data, various acoustical parameters such as adiabatic 
compressibility (βa), intermolecular free length (Lf), free volume (Vf) and internal pressure (Лi) were calculated. It 
has been observed that, weak dispersive type intermolecular interactions are confirmed in the systems investigated. 
Dipole inducement is found to be more predominant in acetone system. The results are interpreted in terms of 
molecular interaction between the components of the mixtures. 
 
Keywords: Ultrasonic velocity, Acoustical properties, Molecular interactions, Cinnamaldehyde, Acetone, 1, 4-
Dioxane and binary liquid mixtures. 
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INTRODUCTION 

 
Studies in the binary liquid mixtures using ultrasonic technique plays vital role in the investigation of structure, the 
thermodynamic properties and predict the intermolecular interactions in pure liquid [1], liquid mixtures [2-5] and 
ionic interactions in electrolytic solutions [6, 7]. Liquid mixtures consisting of polar and non-polar components are 
of immense importance in industries such as in Petrochemical, Pharmaceutical and Dye. Though the molecular 
interactions studies can be best carried out through spectroscopic methods [8, 9] the other non spectroscopic 
techniques such as dielectric, magnetic, [10-11] Ultrasonic velocity and viscosity [12-19] measurements have been 
widely used in field of interactions and structural aspect evaluations studies. In the present work an attempt has been 
made to investigate the behavior of binary solutions of acetone and 1, 4-Dioxane in Cinnamaldehyde with regard to 
adiabatic compressibility, intermolecular free length, free volume and internal pressure from ultrasonic 
measurements at 298 K. 

 
MATERIALS AND METHODS 

 
2. Experimental Details 
Solutions of different concentration were prepared for each binary system. The ultrasonic velocity (U) in liquid 
mixtures which prepared by taking purified AR grade samples, have been measured using an ultrasonic 
interferometer (Mittal type, Model F-81)working at 2MHz frequency and at 298K. The accuracy of sound velocity 
was ±0.1 ms-1. An electronically digital operated constant temperature water bath has been used to circulate water 
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through the double walled measuring cell made up of steel containing the experimental solution at the desire 
temperature. The density of pure liquids and liquid mixtures was determined using pycknometer by relative 
measurement method with an accuracy of ±0.1Kgm-3. An Ostwald’s viscometer was used for the viscosity 
measurement of pure liquids and liquid mixtures with an accuracy of ±0.0001NSm-2. The temperature around the 
viscometer and pycknometer was maintained within ±0.1K in an electronically operated constant temperature water 
bath. All the precautions were taken to minimize the possible experimental error. 
 

RESULTS AND DISCUSSION 
 

Using the experimental data of ultrasonic sound velocity, density and viscosity, various acoustical parameters such 
as adiabatic compressibility, free length, free volume and internal pressure, were calculated by the following 
equations (1-4). 
 
βa = (U2 ρ)-1                               …..   (1)                      
Lf = KTβa

 1/2                               …..   (2) 
Vf = (Meff U/ηK)3/2                                               …..  (3)       
Лi= bRT(Kη/U)1/2(ρ2/3/Meff

7/6)                         …..  (4) 
 
Where, KT  is the temperature dependent constant having a value 205.8336*10-8 in MKS system at temperature 
298K, K is constant equal to 4.28*109 in MKS system, b is a cubical packing fraction taken as 2 for all the liquids, R 
is the Universal gas constant, T is the experimental temperature, Meff = Σ ximi, where xi is the mole fraction and mi is 
the molecular weight of the component. 
 
The measured parameters viz., ultrasonic velocity (U), density (ρ) and viscosity (η) for the system-I: 
Cinnamaldehyde + Acetone and system-II: Cinnamaldehyde + 1, 4- dioxane at temperature 298K are given in 
Table-1. Table-2 shows, calculated parameters such as adiabatic compressibility (βa), intermolecular free length (Lf), 
free volume (Vf) and internal pressure (Лi) for the system-I: Cinnamaldehyde + Acetone and system-II: 
Cinnamaldehyde + 1,4-dioxane  at temperature 298K.  
 
Table-1 shows that, in the system-I and system-II, velocity increases with concentration of Cinnamaldehyde in 
acetone and 1, 4- dioxane. This indicates that strong interaction observed at higher concentrations of x. The density 
values also have the same trend with velocity in the system-I and reverse trend in system-II. Viscosity decreases in 
system-I and system-II, suggesting thereby more association between solute and solvent molecules. It is observed 
that for a given concentration as the number of CH- group or chain length increases, the sound velocity increases.  
 
The adiabatic compressibility and free length are the deciding factors of the ultrasonic velocity in liquid systems. 
From the Table-2 it is observed that, the adiabatic compressibility and free length decreases with increase of mole 
fraction of the solute in system-I and system-II. This may lead to the presence of specific molecular interaction 
between the molecules of the liquid mixture. Decrease in intermolecular free length in system-I and system-II leads 
to positive deviation in sound velocity and negative deviation in compressibility. This indicates that the molecules 
are nearer in the system. 
 
The internal pressure may give information regarding the nature and strength of forces existing between the 
molecules. The internal pressure and free volume decreases with increasing mole fraction of the solute in system-I 
and system-II. The decrease in free volume in system-I and system-II shows that the strength of interaction 
decreases gradually with the increase in solute concentration. It represents that there is weak interaction between the 
solute and solvent molecules. 
 
In the same Table-2, the variations in internal pressure are given. As stated above the internal pressure (Лi) decreases 
with increase in concentration of Cinnamaldehyde in the system-I and systems-II. Same trend, as expected, is seen 
in the free volume changes in the system-I and systems-II. The observed decreases values of Vf  are due to close 
association between solute and solvent.  Thus, a progressive decrease in free volume and internal pressure in 
Cinnamaldehyde + Acetone & Cinnamaldehyde + 1, 4-dioxane binary mixtures clearly indicates the existence of 
ion-solvent interaction, due to which the structural arrangement is considerably affected. 
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The variations of Velocity (U), Density (ρ), Viscosity (η), Adiabatic compressibility (βa), Intermolecular free length 
(Lf) and free Volume (Vf) with respect to compositions (x) of  Cinnamaldehyde + Acetone & Cinnamaldehyde + 1, 
4-dioxane binary systems  at 298K  are shown in Fig.:- I, II, III, IV, V and VI  respectively. 

 
Table-1: - Velocity (U), Density (ρ) and Viscosity (η) of Cinnamaldehyde + Acetone &  Cinnamaldehyde + 1, 4- dioxane at 298K. 

 
     X                        U (m/s)                                                                      ρ*10-3    (kg/m-3)                            η*10-3   (Ns/m2) 

                                Acetone      1, 4-dioxane                                  Acetone      1, 4-dioxane                          Acetone     1, 4-dioxane   
0.0 1158.57 1350.00 788.00 1030.00 0.364 0.500 
0.1 1233.66 1413.66 813.38 1031.02 0.344 0.443 
0.2 1254.66 1410.00 838.11 1031.94 0.316 0.416 
0.3 1298.00 1418.00 871.23 1032.88 0.282 0.362 
0.4 1325.33 1426.66 902.54 1033.74 0.263 0.314 
0.5 1370.00 1437.71 928.65 1034.69 0.231 0.281 
0.6 1390.33 1448.00 942.51 1035.54 0.207 0.247 
0.7 1428.00 1456.00 959.05 1036.47 0.187 0.229 
0.8 1446.00 1464.00 971.75 1037.81 0.171 0.202 
0.9 1464.00 1470.66 988.48 1038.85 0.158 0.164 
1.0 1479.42 1479.42 1020.00 1020.00 0.143 0.143 

 

 
Table-2:    Adiabatic compressibility (βa), free length (Lf ), free volume (Vf) & internal  Pressure (Лi) of system-I and system-II at 298K. 

 
X βa *10-10 (Pa-1) Lf  *10-10   (m) Vf *10-7   (m3mol-1 ) Лi *108 (Pa) 
 Acetone 1,4-Dioxane   Acetone 1, 4-dioxane   Acetone 1,4-Dioxane   Acetone 1, 4-dioxane   
0.0 9.454 5.327 0.6329 0.4751 2.839 4.144 4.2892 3.4235 
0.1 9.237 4.853 0.6256 0.4535 3.676 5.729 3.7100 2.9768 
0.2 7.58 4.874 0.5667 0.4544 5.561 6.724 3.0696 2.7375 
0.3 6.813 4.815 0.5372 0.4517 8.026 5.675 2.6132 3.4422 
0.4 6.308 4.753 0.5170 0.4487 0.1049 0.1189 2.3068 2.1386 
0.5 5.737 4.676 0.4930 0.4451 0.1513 0.1511 1.9716 1.9228 
0.6 5.554 4.606 0.4851 0.4417 0.2041 0.1965 1.7009 1.7169 
0.7 5.113 4.551 0.4654 0.4391 0.2747 0.2349 1.4994 1.5786 
0.8 4.922 4.496 0.4566 0.4364 0.3530 0.3019 1.3321 1.4183 
0.9 4.720 4.451 0.4472 0.4342 0.4438 0.4379 1.1984 1.2247 
1.0 4.479 4.479 0.4356 0.4356 0.5710 0.5710 1.0827 1.0827 

 
 

Fig. I-VI: The variations of Velocity (U), Density (ρ), Viscosity (η), Adiabatic compressibility (βa), Intermolecular free length (Lf), and 
free Volume (Vf) with respect to compositions (x) of  Cinnamaldehyde + Acetone & Cinnamaldehyde + 1, 4-dioxane  at 298K  are shown 

in Fig.:- I, II, III, IV, V and VI  respectively. 
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CONCLUSION 
 

The ultrasonic velocity, density, viscosity and other related parameters were calculated. The observed increase of 
ultrasonic velocity indicates the solute-solvent interaction. The existence of type of molecular interaction in solute-
solvent is favored in system I and II, confirmed from the U, ρ, η, βa, Lf, and Vf data. Ultrasonic velocity, density and 
viscosity have been measured for the binary mixture of 1 Cinnamaldehyde + Acetone & Cinnamaldehyde + 1, 4-
dioxane at 298K. The variation in ultrasonic velocity (U), density (ρ) and viscosity (η) and other related 
thermodynamic parameters such as adiabatic compressibility (βa), intermolecular free length (Lf) and free Volume 
(V f) at various concentrations and at the temperature 298K in the binary solution of Cinnamaldehyde with Acetone 
and 1, 4-dioxane shows the variation to be non-linear. Consequently ultrasonic velocity of system increases 
depending on concentration of Cinnamaldehyde. It is known that electrostriction leads to decrease in the 
compressibility of the solution. The non linear behavior confirms the presence of solute-solvent, solvent-solvent, and 
dipole-dipole interactions. For the observed molecular interaction, hydrogen bond formations are responsible for the 
heteromolecular interaction in the liquid mixture. This provides useful information about inter and intra molecular 
interactions of the mixture as existing in the liquid systems. 
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