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Abstract – The density, ultrasonic velocity and viscosity at
298K temperature and 4MHz frequency have been measured
in the binary systems of Cinnamaldehyde with non-polar
liquid 1, 4-Dioxane. From the experimental data, various
acoustical parameters such as adiabatic compressibility (βa),
intermolecular free length (Lf) and free volume (Vf) are
evaluated. These parameters are used to discuss the
molecular interactions in the mixture. It has been observed
that, weak dispersive type intermolecular interactions are
confirmed in the system investigated. The results are
interpreted in terms of molecular interaction between the
components of the mixture.
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I. INTRODUCTION

The nature and degree of molecular interactions in
different solutions changes depending upon the nature of
solvent, the structure of solute molecule and extent of
solution taking place in the solution [1-4].  In
understanding the physicochemical behaviour and
molecular arrangement in various liquid mixtures and
solutions, knowledge of thermo–acoustic properties is of
great significance. Knowledge of variation of velocity
with concentration provides vital information about
molecular interaction. Adiabatic compressibility (β) and
intermolecular free length (Lf) are the function of
ultrasonic velocity. The measurements of ultrasonic
velocity, density and viscosity have been adequately
employed in understanding the physicochemical behavior
and molecular interactions such as ion-solvent interaction
and solvent-solvent in pure liquids, liquid mixtures and
solutions [5-7].

Cinnamaldehyde (C9H8O) is the organic compound that
gives cinnamon, its flavor and odor. This pale yellow
viscous liquid irritant to skin, eye and to inheal. It occurs
naturally in the bark of cinnamon trees and other species
of the genus cinnamomum. Cinnamaldehyde is effectively
used in agriculture as pesticide and fungicide. Recent
research documents anti-cancer activity of
cinnamaldehyde [8] 1,4 - Dioxane, often called dioxane
because the other isomers of dioxane are rare, is a
colorless heterocyclic organic compound, which is a liquid
at room temperature and pressure. This colorless liquid is
mainly used as a stabilizer for the solvent trichloroethane.
It is an occasionally used solvent for a variety of practical
applications as well as in the laboratory [9].

II. EXPERIMENTAL DETAILS

Solutions of different concentration were prepared for
this binary system. The ultrasonic velocity (U) in liquid
mixture which prepared by taking purified AR grade
samples have been measured using an ultrasonic
interferometer (Mittal type, Model F-81) working at
4MHz frequency and at 298K temperature. The accuracy
of sound velocity was ±0.1 ms-1. An electronically digital
operated constant temperature water bath has been used to
circulate water 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.

III. RESULTS AND DISCUSSION

Using the experimental data of ultrasonic sound
velocity, density and viscosity various acoustical
parameters such as adiabatic compressibility, free length
and free volume were calculated by the following
equations (1-3).

βa = (U2 ρ)-1 …..   (1)
Lf = KTβa 1/2 .…..   (2)
Vf = (Meff U/ηK)3/2 ..…..  (3)
Where, KT is the temperature dependent constant, K is

constant equal to 4.28*109 in MKS system, 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), viscosity (η) and calculated parameters such as
adiabatic compressibility (βa), intermolecular free length
(Lf) and free volume (Vf) for the System: Cinnamaldehyde
+ 1, 4- dioxane at temperature 298K are given in Table-I.
Table-I shows that, in the system, velocity increases with
concentration of Cinnamaldehyde in 1, 4 - dioxane. The
density values also have the same trend in the system.
Viscosity decreases in system, suggesting thereby more
association between solute and solvent molecules.

The adiabatic compressibility determines the orientation
of the solvent molecules around the liquid molecules. The
structural change of the molecules in the mixture takes
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place due to the existence of electrostatic field between the
interacting molecules. The structural arrangement of the
molecule affects the adiabatic compressibility. From the
Table-I it is observed that, the adiabatic compressibility
and free length decreases with increase of mole fraction of
the solute in system. This may lead to the presence of
specific molecular interaction between the molecules of
the liquid mixture. Decrease in intermolecular free length
in system leads to positive deviation in sound velocity and
negative deviation in compressibility. This indicates that
the molecules are nearer in the system.

In the same Table-I, it is seen in the free volume
changes in the system. Increase in free volume Vf are due
to close association between solute and solvent.  Thus, a
progressive increase in free volume Cinnamaldehyde + 1,
4-dioxane binary mixtures clearly indicates the existence
of molecular interaction, due to which the structural
arrangement is considerably affected. It represents that
there is weak interaction between the solute and solvent
molecules [10-13].

Table I: The experimentally measured values of  Velocity (U), Density (ρ), Viscosity (η) and the calculated values of
Adiabatic compressibility (βa), Intermolecular free length (Lf), and free Volume (Vf) with respect to concentrations of

Cinnamaldehyde in 1,4-Dioxane at 298 K and 4MHz frequency.
Mole fraction  of Cinnam-
aldehyde in 1,4-Dioxane

ρ
(kg/m3)

U
(m/s)

η*10-3 (CP) βa*10-10

(Pa-1)
Lf*10-10 (m) Vf*10-7

(m3mol-1 )
T=298K

0.0 788.00 1379.00 0.364 5.105 0.4651 4.278
0.1 813.38 1441.66 0.344 4.667 0.4447 5.907
0.2 838.11 1439.33 0.316 4.678 0.4452 6.935
0.3 871.23 1449.71 0.282 4.607 0.4418 5.866
0.4 902.54 1460.33 0.263 4.536 0.4384 12.31
0.5 928.65 1467.66 0.231 4.487 0.4360 15.58
0.6 931.51 1480.00 0.207 4.409 0.4322 20.31
0.7 959.05 1486.00 0.187 4.369 0.4302 24.22
0.8 971.75 1496.33 0.171 4.304 0.4270 31.19
0.9 988.48 1510.66 0.158 4.218 0.4227 45.59
1.0 1020.0 1520.66 0.143 4.240 0.4238 59.50

IV. CONCLUSION

Ultrasonic velocity, density and viscosity have been
measured for the binary mixture of Cinnamaldehyde + 1,
4-dioxane at 298K and 4MHz frequency. 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, confirmed from the
U, ρ, η, βa, Lf and Vf. Consequently ultrasonic velocity of
system increases depending on concentration of
Cinnamaldehyde. The non linear behavior confirms the
presence of solute-solvent, solvent-solvent, and dipole-
induce dipole interactions. It has been observed that, weak
dispersive type intermolecular interactions are confirmed
in the system. This provides useful information about inter
and intra molecular interactions of the mixture as existing
in the liquid system. All the experimental determinations
of acoustic parameters are strongly correlated with each
other.
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4-dioxane at 298K and 4MHz frequency. 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, confirmed from the
U, ρ, η, βa, Lf and Vf. Consequently ultrasonic velocity of
system increases depending on concentration of
Cinnamaldehyde. The non linear behavior confirms the
presence of solute-solvent, solvent-solvent, and dipole-
induce dipole interactions. It has been observed that, weak
dispersive type intermolecular interactions are confirmed
in the system. This provides useful information about inter
and intra molecular interactions of the mixture as existing
in the liquid system. All the experimental determinations
of acoustic parameters are strongly correlated with each
other.
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