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Acoustical and excess parameter studies
of piperine with MgCl2
Pallavi B. Nalle1,3, R.G. Dorik2 and K.M. Jadhav3*
1Department

of Physics, Shivchhatrapati College, Aurangabad-431005, India.
of Physics, Vivekanand College, Aurangabad-431005, India.
3Department of Physics, Dr. Babasaheb Ambedkar Marathwada University, Aurangabad-431005, India.
*E-mail: drjadhavkm@gmail.com
2Department

Ultrasonic velocity, density and viscosity of drug Piperine with MgCl2 have been measured as a function
of number of moles n = (0.7009, 1.4018, 2.1027, 2.8036 and 3.5045) at 323.15 K, 328.15 K and 333.15 K.
The experimentally collected data have been used to calculate various acoustical, thermodynamic and excess
parameters such as excess values of adiabatic compressibility, excess intermolecular free length, excess specific
acoustic impedance, excess relaxation amplitude and excess relaxation time have been calculated. Above excess
parameters are fitted to the Redlich-Kister equation. The results of acoustical, thermodynamic and excess properties
reveal the existence of strong molecular interaction in the mixtures. The drug works as a structure breaker (it
breaks the structure of MgCl2) and there is ion formation in the system. Acoustic, thermodynamic and excess
parameter of mixture reflects the structural deformation in terms of intermolecular interaction.
Keywords: Excess adiabatic compressibility, molecular interaction, Redlich-Kister equation, ultrasonic
investigation

Introduction
The ultrasonic behavior 1 coupled with the
measurement of density and viscosity of liquids,
facilitates the understanding of the physical properties
of the liquid state. In recent years, ultrasonic velocity,
density and viscosity measurements have become
valuable tools with which to learn more about the liquid
state because of the existence of close connections
between liquid structure and macroscopic properties.
These properties of liquid mixtures have attracted much
attention from both theoretical and practical points of
view. Many engineering and technological problems
require quantitative data on the density and ultrasonic
velocity of liquid mixtures. The ultrasonic investigation
gives information about the nature of intermolecular
interactions in pure, liquid mixtures, solutions, aqueous,
non aqueous, mixed electrolytic solution, binary and
ternary liquid mixtures. Such type of molecular
interactions is used to develop new theoretical models
and also for engineering applications2. These physical
properties form the basis for calculating the excess

thermodynamic functions. These properties have been
interpreted in terms of the strength of specific and
nonspecific interactions3, amongst the components of
selected mixtures. The study of deviation and excess
properties of liquid mixtures provides useful information
regarding the nature and strength of molecular
interactions4. Several workers5,6 have previously studied
ultrasonic properties of electrolytes. The structural
properties of electrolytes also depend on ultrasonic
velocity. Decrease in compressibility is due to solute
causing electrostriction. The hydrophilic solutes show
negative compressibility due to solvent structure. If
the ultrasonic velocity increases solute behaves as
structure maker. Further, the measurements of excess
thermodynamic properties are found to be greatly
significant in studying the structural changes associated
with the liquids. They also provide important information
about molecular packing, molecular motion and various
types of intermolecular interactions and their strength
influenced by the size, shape and the chemical nature of
component molecules 7. A thorough knowledge of
thermodynamic and transport properties of liquid systems
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is essential in many pharmaceutical applications such as
design calculations of heat transfer, mass transfer, fluid
flow and so forth of pharmacology. The magnesium
chloride (Mg++) is a ubiquitous element in nature, playing
a role in photosynthesis and many metabolic functions
in humans8. The compound is used in medicine as a
source of magnesium ions, which is essential for many
cellular activities9. Piperine drug have significance in
immense industrial sector 10 , biological and
pharmacological significance area11. Piperine used in
respiratory system related problem12. Drug Piperine
shows antimetastatic activity. Drug Piper Nigrum is
commonly known as black pepper. The black pepper is
the dried fruit of Piper Nigrum Linn. and belongs to
flower vine in the piperaceae family. IUPAC name of
Piperin is (2E,4E)-5-(1,3-benzodioxol-5-yl)-1-piperidin1-ylpenta-2,4-dien-1-one. The main chemical
constituents of Piper Nigrum L. are the alkaloid Piperine
(a trans-trans isomer of 1-piperoly piper dine), which
has many pharmacological properties. The liquids under
investigation have been chosen on the basis of their
pharmaceutical synthesis application. Keeping these
important aspects in view, the measurements on
ultrasonic velocity, density and viscosity and their related
excess thermodynamic and transport parameters for
ethanolic (EtOH) mixed solvent system of Piperine with
MgCl2 at 323.15 K, 328.15 K and 333.15 K have been
undertaken. The dependent excess parameters have been
calculated from the experimental ultrasonic velocity,
density and viscosity and correlated with the RedlichKister equation. The dependence of excess parameters
for composition has been used to explain the nature and
extent of intermolecular interactions in these mixtures.
The thermodynamic excess properties are found to be
highly sensitive towards intermolecular interactions
between the components of the mixture and are
influenced by effects such as: (i) structure of the
components, i.e., different geometries of the unlike
molecules, (ii) reorientation of the component molecules
in the mixture, and (iii) intermolecular interactions13.
Moreover, a literature survey indicates that no
physicochemical study on these systems has been
reported14. It is believed that the ultrasonic properties
can provide significant clues to interpret the nature of
molecular interactions in respective media and the role
of polar, hydrophobic and hydrophilic group in various
solutions15. Therefore, the study of intermolecular
interactions in this system will be interesting owing to
their application in pharmacology.

Materials and Methods
Preparation of extract of Piperine Seeds
The pure dried seeds of Piper Nigrum of good quality
were purchased from the local market and used as such.
The seeds were ground to a coarse powder. 50 g of
powdered seed was boiled with half lit of ethanol in a
conical flask for 30 min, cooled at room temperature
and then it is decanted. The solutions were prepared by
adding a known molecular weight of magnesium chloride
in ethanol for the preparation of one molar solution of
magnesium chloride in ethanol by using a magnetic stirrer
until a clear solution was obtained. Then known numbers
of moles of drug (Piper Nigrum) were added into a
fixed volume of solvent.
For all pure compounds and mixtures, four to five
measurements were performed and the average of these
values was used in all the calculations. The velocity of
ultrasonic waves in the pure liquids and liquid mixtures
was determined by using a single frequency
interferometer with a high degree of accuracy operating
at single frequency 2 MHz. The measuring cell of the
interferometer is a specially designed double walled
vessel with provision to circulate water at required
temperature. The high frequency generator excites a
quartz crystal fixed at the bottom of the vessel, at its
resonant frequency. A fine micrometer screw at the top
of the cell is used to raise or lower 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 cable. The ultrasonic waves normal
to quartz crystal are reflected from the reflector plate.
The stationary waves are formed in the region between
the 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 (d)
moved by the micrometer is noted. The velocity of
ultrasonic waves in the pure liquid and liquid mixture
was determined using the relation.
U = λf
2d

(1)

where λ =
wavelength of the ultrasonic waves in the
N
liquid mixture and f is the frequency of the generator.
The density (ρ) of the liquid mixture was determined by
a specific gravity bottle of 25 ml capacity. The specific
gravity bottle with the liquid mixture was immersed in a
temperature controlled water bath. The density was
determined using the relation.
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Intermolecular Free Length (Lf ) :

⎛w ⎞

ρ2 = ⎜ w2 ⎟ ρ 1
1
⎝

(2)

⎠

Where, w1, w2, ρ1 and ρ2 are mass of distilled water,
mass of liquid mixture, density of distilled water and
density of liquid mixture respectively.
The viscosity (η) of pure liquids and liquid mixtures
was determined by an Ostwald viscometer containing
the liquid was immersed in a temperature controlled
water bath and the time of flow is measured by a stop
watch. The viscosity was determined using the relation.
⎛ η1
⎜ t 1 ρ1
⎝

η2 = ⎜

⎞
⎟ t2 ρ 2
⎟
⎠

(3)

Where, η1, η2, t1 and t2 are coefficient of viscosity of
distilled water, coefficient of viscosity of liquid mixtures,
time of flow of distilled water and time of flow of liquid
mixture respectively.
The ultrasonic velocity of Piper Nigrum extract with
metal ion over the composition range of 1.4018, 2.1027,
2.8036 and 3.5045 number of moles of the drug.

L f = KT β

(6)

Where k is temperature dependent constant called as
Jacobson constant it is 2.150 × 10–6 for 323.15K
Relaxation Time (τ) : The relaxation time can be
calculated from the relation as
4
3

τ = βη

(7)

Where, β and η are adiabatic compressibility and
viscosity of the liquid mixture.
Relaxation Amplitude (α/f2) : The relaxation amplitude
can be calculated from the relation as
8π 2η
α/f2 =
(8)
3 ρU 3
Where, (η) and (ρ) are viscosity and density of the
liquid mixture.
Excess Parameters
The corresponding excess thermo-acoustical
parameters such as UE, ρE, ηE, βE, ZE, LEF , τE,

Theory

αE
f2

have

been calculated by using the standard equations. The
above excess parameters are fitted to the following
Redlich-Kister equation.

Physical Parameters
Various acoustical and thermodynamic parameters are
calculated from the measured data, such as:
Adiabatic Compressibility ( β ) : The adiabatic
compressibility ( β ) has been calculated from the
ultrasonic velocity (U) and density (ρ) of the medium
using the equation as:
β =

1
U2

(4)

Specific Acoustic Impedance (Z) : The specific acoustic
impedance is given by following equations, where (U)
and (Z) are the ultrasonic velocity and density of the
liquid respectively.
Z = ρU
(5)

Y E = Yexp – ( X1Y1 + X 2Y2 )

(9)

Where YE is UE or ρE or ηE or βE or ZE or LEF or

αE
f2

and X represents number of moles of the component and
subscript 1 and 2 stands for component 1 and 2. Yexp is
for parameters of mixture or solution.
Results and Discussion
The experimental values of ultrasonic velocity (U),
density ( ρ ), viscosity ( η ) of pure liquids have
been compared with literature values as shown in
Table-116,17.

Table 1 – Comparison of experimental values of ultrasonic velocity (U), density (ρ) and viscosity (η) of pure liquids with literature values at
303.15 K.

Ethanol
MgCl2

(ρ) kg/m3

(U) ms–1

Liquid

(η) /10–3 Nsm2

Expt.

Lit. [Ref]

Expt.

Lit. [Ref]

Expt.

Lit. [Ref]

1130
1655

1131.5 [18]
1656 [19]

776.2
1060

779.15 [16]
1059 [17]

0.9126
1.6396

0.9122 [16]
1.6398 [17]

The experimental values of ultrasonic velocity (U),
density (ρ), viscosity (η) for the experimental system at
323.15 K, 328.15 K and 333.15 K are reported in Figures.
Derived acoustical and thermodynamic parameter values
are presented in figures. The values of excess thermoacoustical parameters have been evaluated and shown
in Figs 3 and 4.
Molecular formula of Piperine is [C17 H19ON 3].
Piperine structure contains one benzene and one cyclo
hexane ring. When MgCl2 added in Piperine, its structure
gets modified. Further, the variation of these
experimental, derived acoustical and thermodynamic
parameter, the excess values of studying systems with a
number of moles of (n) at 323.15 K, 328.15 K and
333.15 K have been recorded in Figs. 2 (a) to 4 (e). The
thermodynamic excess properties are found to be more
sensitive towards intermolecular interaction between the
component molecules of liquid mixtures. The sign and
extent of deviation of excess properties depend on the
strength of interaction between unlike molecules18.
Figures 1(a), 1(b) and 1(c) show the values and nature
of U, ρ and η over the whole composition range at all
the investigated temperatures. Ethanol is self-associated
in the pure state19. The data also show that the ultrasonic
velocity of MgCl2 + Piperine increases with increase in
concentration and decreases with increasing temperature.
The variation of ultrasonic velocity with concentration
indicates the occurrence of complex formation between
MgCl2 and Piperine. Chemical interaction may involve
due to the association between the ion and dipole

ρ (kgm–3)
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Fig. 1(b). Variation of density (ρ) of MgCl2 + Piperine (n)
system at 323.15 K, 328.15 K and 333.15 K.

η (x10–3Nsm–2)
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Fig. 1(c). Variation of viscosity (η) of MgCl2 + Piperine (n)
system at 323.15 K, 328.15 K and 333.15 K

Fig. 1(a). Variation of ultrasonic velocity (U) of MgCl2 +
Piperine (n) system at 323.15 K, 328.15 K and 333.15
K.

molecule. The increase in ultrasonic velocity can be
attributed to increase in molecular interaction between
Piperine and MgCl2 metal ion. Similar observations of
ultrasonic velocity have been reported in the literature20.
As the kinetic energy of the system decreases with
increasing temperature, the interactions between solute
and solvent become stronger; this causes the speed of
sound in the solution to become less pronounced. As the
interaction between solute and solvent increases, the
sound waves cannot easily pass through the MgCl2 +
Piperine solutions and hence the speed of sound
decreases with increasing temperature. With the
increasing concentration of Piperine, the speed of sound
also increases. The increasing trend shows that there is
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a moderate attraction between molecules and there is
intermolecular interaction exists within the mixture. The
densities of liquid mixtures of MgCl2 + Piperine over
the entire range of compositions at temperatures of
323.15 K, 328.15 K and 333.15 K are plotted in Fig 1(b)
which shows that the solution density decreases sharply,
reaches a maximum decrease for concentration around
n = 2.8036, and then increases. Increasing temperature
causes a density decrease and shifts the concentration of
maximal density towards the number of moles (n) of
drug values. The data also reveal that the density of
MgCl2 + Piperine mixture is greater than the density of
pure Piperine at any given temperature. This increase in
the density of MgCl 2+Piperine mixtures than pure
Piperine is due to solute - solvent interactions. As the
temperature of the system increases, the kinetic energy
of the Piperine also increases that caused the vibration
of the bonds between molecules of solute and solvent to
exceed to a level unsuitable for the existence of
interactions between solute and solvent molecules. Due
to these vibrations, the bonds between the molecules
become weak and hence the density of the solution
decreases. The decrease in density can be attributed to
increase in molecular interaction between Piperine and
MgCl 2 and drug acts as structure breaker. Similar
observation of density of drug colimax in aqueous
mixtures of methanol has been reported in the literature21.
The viscosity values are plotted in Fig. 1(c) against
concentration at 323.15 K, 328.15 K and 333.15 K
temperature. There is variation in viscosity with

concentration, which indicates the occurrence of the
complex due to charge formation between the MgCl2+
Piperine. The viscosity decreases at a very low
concentration, reaches minimum at a characteristic
concentration and increases at moderate concentration
except n=3.5045. This behavior supports that the MgCl2
form charge transfer complexes with Piperine and the
complex is maximum at characteristic concentration24.
Figures 2(a), 2(b), 2(c), 2(d) and 2(e) show the values
of β, Lf, z, α/f 2 and τ for MgCl2 + Piperine (n) system at
323.15 K, 328.15 K and 333.15 K temperature.

Fig. 2(a). Variation of adiabatic compressibility (β) of MgCl2
+ Piperine (n) system at 323.15 K, 328.15 K and 333.15
K

Fig. 2(c). Variation of specific acoustic impedance (z) of MgCl2
+ Piperine (n) system at 323.15 K, 328.15 K and 333.15
K

Fig. 2(b). Variation of intermolecular free length (Lf) of MgCl2
+ Piperine (n) system at 323.15 K, 328.15 K and 333.15
K
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amplitude can be attributed to increase in molecular
interaction between Piper Nigrum and zinc metal ion26.
The relaxation time increases with increase in
concentration except n=3.5045 and decreases with
temperature. This indicates the presence of molecular
interaction between Zn+ ions and Piper Nigrum27.

α/f2(x10–14Np2sm–1)
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The values of excess ultrasonic velocity (UE) are
positive and increases at all increasing concentration
and decreases with temperature. This indicates that the
molecular interaction between MgCl2 + Piperine is more
stronger. Excess density values are plotted in Figure
3(b). Nature of the graph shows decreasing trend with
increasing concentration except n=3.5045 and increasing
with temperature28.

α/f2(x10–14Np2sm–1)

Fig. 2(e). Variation of relaxation time (τ) of MgCl2 + Piperine
(n) system at 323.15 K, 328.15 K and 333.15 K

The decreasing nature of β with increase in
concentration and reverse for temperature indicates that
there is strong solute solvent interaction. The solution
becomes more and more compressed as adding the
concentration of drug Piperine23. It is observed that the
values of intermolecular free length decrease with
increasing concentration of the Piperine due to complex
formation. The observed behavior shows that there is
enhanced molecular association which is similar for
antibiotic drug ampicillin sodium system24. It is observed
that the values of ZE are increasing in all concentration
except n=3.5045. The positive values of ZE for the system
suggest the presence of strong interaction between unlike
molecules25. The relaxation amplitude increases with
concentration except n=3.5045 and decreases with
increase in temperature. The increase in relaxation

Fig. 3(a). Variation of excess ultrasonic velocity (UE) of MgCl2
+ Piperine (n) system at 323.15, 328.15 and 333.15 K.

ρE(kgm–3)

τ(x10–11s)

Fig. 2(d). Variation of relaxation amplitude (α/f2) of MgCl2 +
Piperine (n) system at 323.15, 328.15 and 333.15 K

Fig. 3(b). Variation of excess density (ρE) of MgCl2 + Piperine
(n) system at 323.15 K, 328.15 K and 333.15 K.
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Figures 4(a), 4(b), 4(d) and 4(e) show the dependence
αE
E
E
of β , LF , f 2 and τE on composition.
The negative value of β E suggests significant
interaction between component molecules in the mixture
forming donor-acceptor complex drug and ions of
electrolytes31. As a result, there is contraction in volume
resulting negative values of βE. Negative values of LEF
in the present investigation is an indication of strong
αE
interactions in the liquid mixtures32. 2 and τE are
f

negative for all the systems over the entire composition
Fig. 3(c). Variation of excess viscosity (ηE) of MgCl2 +
Piperine (n) system at 323.15, 328.15 and 333.15 K

According to Fort and Moore29 the excess viscosity
gives the strength of the molecular interaction between
the interacting molecules. The existence of specific
interactions leading to the formation of complexes in
liquid mixtures tends to make excess viscosity positive.
From Fig. 3(c), it is seen that excess viscosity is positive
through the whole range of concentration. From the
analysis and close observation, it is found that they
increase with an increase in the number of moles (n),
except n=3.5045 and decreases with the rising of
temperature. This increasing behavior shows the
existence of molecular interaction between the
components of a mixture of all the systems studied30.

Fig. 4(a). Variation of excess adiabatic compressibility (βE) of
MgCl2 + Piperine (n) system at 323.15 K, 328.15 K
and 333.15 K

Fig. 4(b). Variation of excess intermolecular free length ( LEF )
of MgCl2 + Piperine (n) system at 323.15 K, 328.15 K
and 333.15 K

Fig. 4(c). Variation of excess specific acoustic impedance (ZE)
of MgCl2 + Piperine (n) system at 323.15 K, 328.15 K
and 333.15 K

J. PURE APPL. ULTRASON., VOL. 41, NO. 2 (2019)

(α
α/f2)E(x10–14Nps2m–1)
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Fig. 4(d). Variation of excess relaxation amplitude (α) of MgCl2
+ Piperine (n) system at 323.15 K, 328.15 K and
333.15 K

excess ultrasonic properties of ternary mixtures of
Piperine with MgCl2 in ethanol at 323.15 K, 328.15 K
and 333.15 K are considered to be reflecting agents of
magnitude of polarity and size of interaction in the
molecules. The results of excess properties reveal that a
strong molecular interaction exists in the mixtures, which
may be due to the charge transfer between the mixing
components. The Piperine works as a structure breaker
(it breaks the structure of MgCl2) and there is ion
formation in the system. There is bond formation between
Piperine and MgCl2. The strength of interaction tends
to be weaker with an increase in temperature, due to the
presence of weak intermolecular forces and thermal
dispersion forces. The acoustic, thermodynamic and
excess parameter of mixture reflects the structural
deformation of liquid mixture in terms of intermolecular
interaction.

τE(x10–12s)
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Effect of tetra alkyl ammonium chain length and dielectric constant
on molecular interaction studies in ternary liquid mixture of dioxane,
DMSO and H2O using ultrasonic technique
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Effect of lower to higher alkyl chain length cation (R4N+) of quaternary alkyl ammonium iodide salts and
dielectric constant (ε) on thermo-physical properties in the homogeneous system of the ternary liquid mixtures
of 1, 4-dioxane + dimethyl sulfoxide (DMSO) + water as well as the constituent binaries have been measured
at 303.15 K, 313.15 K and 323.15K. The respective acoustical parameters were correlated as a function of the
% composition using empirical and thermodynamic based relations. The data obtained from ultrasonic propagation
parameters with variation in the % composition as well as dielectric constant (ε) of one of the component of
the medium are provide a deep and meaningful picture of various interactions taking place in ternary and higher
component liquid mixtures in terms of physical parameters. The reason for this study at different temperatures
is that weak and strong complex formation that arises in hydrogen bonds. The present investigation has been
under taken to study the nature of molecular interactions, molecular rearrangement and hydrogen making/breaking
phenomena takes place.
Keywords: Ternary liquid mixture, ion - solvent interactions, dioxane-DMSO-H2O, tetra alkyl ammonium
cation, dielectric Constant.

Introduction
In recent years, ultrasonic velocity and transport studies
have been adequately employed in the field of molecular
interactions involves between solute-solute, solutesolvent and solvent-solvent of mixed various liquid
mixtures1-3. It provides the nature of physical forces
and strength of molecular interaction among the
constituents of selected component at different
temperatures that finds application in several industrial
and technological processes4. The physiochemical
properties such as densities (ρ), viscosity (η) and
ultrasonic velocity (u) of ternary mixtures are used to
identify the molecular behaviour and its nature of
structure change effect. Dioxane-DMSO-water mixtures
are essential in the designing of processes involving
chemical separation, heat transfer, mass transfer,
extraction, crystallization. In many chemical industries
by the knowledge of acoustical properties of electrolyte
and non-electrolytes5.

The variation of ultrasonic velocity and related
acoustical parameters throw much light upon the
structural changes insertion, association, dissociation
with the liquid mixtures having weakly as well as strongly
interacting components. Accurate knowledge of
thermodynamic mixing properties such as free energy,
internal pressure, surface tension, Wada's constant and
relative association of protic, non-protic and associated
liquids has a great importance in theoretical and applied
areas of research6-7. The estimation of thermodynamic,
optical, and ultrasonic properties as a function of
composition and temperature is particularly important
in many chemical engineering areas such as process
design, oil fraction characterization8.
Previously, the investigators studied molecular
interactions and structural properties of binary-ternary
system containing electrolytes in aqueous and nonaqueous solvent mixtures. According to Frank's
hypothesis the structure of water is enforced around the
R4N+ ions on account of water-hating influence of large
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alkyl chain explained through high activity coefficient9.
This result confirms that formation of cavities inside the
enhanced water structure and R 4 N + ions are
accommodated in the cavities so formed. Pathak et al.
reported various observations by taking aqueous and
non-aqueous binary solvent mixture, adding R4NI salts
(Et4NI, Pr4NI, Bu4NI and Pen4NI salts) and showed the
validity of Frank's hypothesis for this salts solutions.
Their observations were confirmed that such solute solvent hating effect is still there and structure of any of
the binary solvents is affected by the ion - solvent
interactions10,11.
In this paper, thermodynamic quality of ternay solution
mixtures of 1, 4-dioxane + DMSO + Water containing
Et 4 NI to Pen 4 NI salts (0.14 M) of different %
compositions in temperature range interval of 10K were
investigated using an ultrasonic sound and viscometric
technique. Here, we now cover the change in physical
properties of ternary mixtures due to structural variations
of R4N+ cation and their molecular interactions with
solvents through temperature variable properties.
Dioxane and DMF are an industrial solvent which are
widely used in a variety of industrial processes. Dioxane
is known as an inert solvent having low dielectric
constant (ε) 2.25 as compared to DMSO (ε=46.70) and
Water (ε=80.10). The number of studies on thermodynamic properties of multi-component liquid mixtures
has increased in recent years due to industrial
applications and the theoretical interest in studying the
nature of molecular interaction and packing phenomena
in ternary system12. The deviations from ideality and
specific or non-specific interactions have been revealed.
The present study of molecular interaction in ternary
liquid mixtures having 1, 4-dioxane + DMSO + water
containing electrolytes of different alkyl chain length
size (Et4N+, Pr4N+, Bu4N+ & Pen4N+) since 1, 4-dioxane
are present in two form one is the chair confirmation
(non-polar) and other boat confirmation (polar). It is an
aqueous-non-aqueous solvent which has hydrogen
bonding in ternary liquid system. The structural
arrangements are influenced by the shape of the
molecules as well as by their mutual interactions. The
significant information of ternary liquid mixtures on the
physicochemical behaviour of ultrasonic wave
propagation influences the physical properties of the
medium. The sign and magnitude of non-linear deviations
from ideality as a function of composition and
temperature may be ascribed to the presence of strong
or weak interactions between unlike molecules. The
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ultrasonic velocity is related to the binding forces
between the atoms or the molecules and has been
adequately employed in understanding the nature of
molecular interaction in ternary mixtures. Many studies
have been done to find out the interactions in binary and
ternary liquid mixtures by means of acoustic properties,
viscometric and thermo dynamical properties of the
ternary system.
Experimental
All the chemicals namely, 1, 4-dioxane, DMSO and
quaternary alkyl ammonium iodide salts (R4NI), Et4NI,
Pr4NI, Bu4NI and Pen4NI were AR grade. R4NI were
used in present investigation, which is purified by the
method of Conway et al.13. After drying on freshly ignited
quicklime, 1, 4-Dioxane and DMSO was purified by
distilling under reduced pressure. The middle fractions
of the successive distillate were redistilled under reduced
pressure till the electrical conductance of the final
product was of the order of 10–7 ohm–1 cm–1. The purified
samples were stored in dark coloured bottles. 1, 4dioxane was used to prepare 0, 20, 40 and 60% (v/v)
with binary solvent mixtures of DMSO + water, in which
water is taken to be 40% constant in the entire system of
ternary liquid system.
The values of dielectric constant (ε) for different %
compositions of 1, 4-dioxane, DMSO and water in the
ternary liquid mixture were measured with the help of
BI-870 dielectric constant meter (absolute accuracy of
± 2%). The ultrasonic velocity (u) for ternary mixture
using a single crystal ultrasonic interferometer at 2 MHz
frequency that has an accuracy of 0.4 ms–1 at 25°C. The
temperature was kept constant, by constant temperature
water bath with an accuracy of ± 0.1K. The densities of
these solutions were determined at different temperatures
by magnetic float densitometer as following manner in
Fig. 114.
The magnetic float densitometer was first kept in a
constant temperature bath maintained at 25 ± ...01°C.
The solution container was filled with solvent mixture;
say 20% dioxane in DMSO (v/v) to measure ρ0, or
solution to measure ρs. The weights were added to the
float so that it was about to sink in the solution. The key
k1 and K2 were kept closed. The number of turns in the
main solenoid was selected as 700 by the top section of
the circuit by button no.3 down both the batteries were
switched on by operating battery section (pushing button)
no.2 down). Then the middle section of the circuit was
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Fig. 1. The laboratory set up for operation of the magnetic
float densitometer.

operated . This section control the operation of both the
coils. By pressing button no. 1, pull down solenoid "ON'.
Push button no. 2 makes both the coils. Push button no.
3 breaks the circuit of pull down solenoid and only main
solenoid remains 'ON'. The observations were taken at
push button no. 3. The resistance bridge was adjusted
by selecting proper values of the components so that the
float just touched the bottom of the solution container.
This was viewed by telescope and light focusing
arrangement. The densities of these % compositions were
determined by using Eq. (1).
Density (d) = (W + w + f.I)/(V + w/dpt)

(1)

The terms involved in Eq. (1) have their usual
meanings. The data of solution mixtures, i.e., weight, w
used, current, I, passing in the circuit, ρpt, density of pt
wt and V, volume of float.
The viscosity (η) measurements were done through
Ostwald's viscometer. The viscometer is filled with
reference liquid (distilled water) and then immersed in
water bath. Using the time taken for the distilled water
and mixture, the viscosity (η) of unknown liquid mixture
is determined:
ηs/ηw = ρs/ρw × ts/tw
(2)
Where ηw, ρw and tw are the viscosity, density and
time flow of water respectively and ηs, ρs and ts are the
viscosity, density and time flow of unknown experimental
solution respectively.
Results and Discussion
Percentage compositions 0, 20, 40, and 60 of 1, 4dioxane with binary liquid mixtures (DMSO + water),

adding ammonium based electrolytes (R4N+I–) which
have different size in their alkyl chain length from Et4N+
to Pen4N+ cation to clarify specific molecular interactions, measured thermo-physical and acoustical
parameters such as free energy (∆G), internal pressure
(πi), surface tension (S) related to the density (ρ),
viscosity (η) and ultrasonic velocity (u), their percentage
deviations from ideality behaviour for four ternary liquid
mixtures were done experimentally at 303.15K, 313.15K
and 323.15K are listed in Tables 2-5.
The dielectric constant (ε) of selected pure 1, 4dioxane, DMSO and water are 2.25, 46.7 and 80.4
respectively. The dielectric constant of DMSO + water
(ε=66.4) can be gradually decreased by adding 1, 4dioxane (ε=2.25) to it. Thus four types of 1, 4-dioxane +
DMSO + water mixtures of varying dialectic constants,
were prepared, namely 0% dioxane (ε=66.4), 20%
Dioxane (ε=61.5), 40% Dioxane (ε=54.7) and 60%
Dioxane (ε=48.5) in DMSO + water (v/v) are given in
Table 1.
Table 1 – Measured values of dielectric constant (ε ) by BI-870
delectric constant meter (absolute accuracy to ± 2%) for
various compositions of 1, 4-dioxane in DMSO + water
system
S.N.

1.
2.
3.
4.

% Compositions of Solvents
Dioxane

DMSO

Water

Dielectric
Constants
(ε)

0
20
40
60

60
40
20
0

40
40
40
40

66.4
61.5
54.7
48.5
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Table 2 – Summary of experimental data: Density (ρ), Ultrasonic velocity (u), Viscosity (η) and the derived acoustical parameters of 1, 4Dioxane + DMSO + Water + Et4NI salt mixtures at different temperatures.
% Compositions of solvents
Dioxane

ρ
(g/cm3)

η × 103
(Nsm–2)

u
(ms–1)

∆G×10–21
(gjmol–1)

πi × 10–7
(atm)

S × 106
(mNm–1)

W
(m3mol1
kg–1ms2)

Ra

DMSO

Water

At 303.15K
0
20
40
60

60
40
20
0

40
40
40
40

1.0798
1.0677
1.0476
1.0301

0.9562
0.9029
0.8304
0.7579

1712
1685
1566
1486

0.7236
0.7250
0.7288
0.7317

5.6810
1.1348
1.0682
3.9137

1.70673
1.60901
1.26731
1.07012

41.2112
41.9105
42.9868
43.7730

0.56391
0.31292
0.28967
0.15798

At 313.15K
0
20
40
60

60
40
20
0

40
40
40
40

1.0735
1.0616
1.0415
1.0301

0.8969
0.8399
0.7809
0.7229

1728
1681
1539
1458

0.7243
0.7263
0.7305
0.7336

5.3901
1.0677
1.0436
3.8908

1.74479
1.58845
1.19587
1.00569

41.4185
42.1513
43.2386
43.9939

0.33593
0.31304
0.31499
0.19159

At 323.15K
0
20
40
60

60
40
20
0

40
40
40
40

1.0646
1.0524
1.0323
1.0209

0.8515
0.7728
0.7225
0.7155

1615
1591
1540
1479

0.7279
0.7296
0.7317
0.7331

5.5568
0.9904
0.9783
3.8478

1.41259
1.33506
1.18762
1.04040

41.7647
42.5198
43.6240
44.3904

0.34308
0.22182
0.27761
0.17525

The Gibb's free energy for ternary liquid solution
mixtures under study are Table 2-5 from which it is
inferred that the values of ∆G are decreases for Bu4N+
and Pen4N+ cation while it is increases for Et4N+ and
Pr4N+ cation on increasing the content of 1, 4-dioxane
in binary liquid mixture of DMSO + H2O system. The
decrease in Gibb's free energy indicates that, the need
for shorter time for the cooperative process or
rearrangement of solute - solvent molecules in the
mixtures i.e.; the solvent molecules are inserted into the
large vacant space of alkyl chain length of Bu4N+ and
Pen4N+ cation and form strong hydrogen bonding. The
increase in Gibb's free energy indicates that, the molecule
could not penetrated into small vacant space of Et4N+
and Pr4N+ cation chain length and solvents molecules
formed very complex structure through the weak
hydrogen bonding, which are present around small
cation. Here, inserted dioxane molecules into the large
void space present as a chair conformation structure and
it is highly stable than boat conformation. Hence system
is thermally unstable and increase in energy for Et4N+
and Pr4N+ cation while the ternary liquid mixture of
Bu 4N+ and Pen4 N+ cation is thermally stable and
decrease in free energy.
It can be understood on the basis of dielectric constant
of the medium. On increasing the % composition of

dioxane, dielectric constant of the medium decreases
and the force of attraction between the solute and solvent
are greater. It is due to force of attraction is inversely
proportional to the dielectric constant of the medium.
The structure of small tetra alkyl ammonium cation is
strongly strained than larger tetra alkyl ammonium cation
because the solvent molecule could not penetrate into
the small vacant space of small alkyl chain length (i.e.;
Et4N+ and Pr4N+ cation).
On increasing the temperature, the value of ∆G
increases for small tetra alkyl ammonium cation while it
decreases for larger tetra alkyl ammonium cation as
shown in Fig. 1b, i.e.; more and more chair form of
dioxane inserted into the large void space of tetra alkyl
ammonium cation and structure become thermally stable
on rising temperature.
The internal pressure (πi) is a measure of cohesive
forces between the constituent's molecules in liquids.
The internal pressure describes the molecular
arrangement in the liquid medium. Positive as well as
negative values of πi indicate the presence of some
specific molecular interactions between the unlike
molecules in the components. The internal pressure
increases or decreases due to the various degrees of
dispersive interaction and the columbic interaction
existing between the component molecules.
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Table 3 – Summary of experimental data: density (ρ), ultrasonic velocity (u), viscosity (η) and the derived acoustical parameters of 1, 4dioxane + DMSO + Water + Pr4NI salt mixtures at different temperatures.
% Compositions of solvents
Dioxane

ρ
(g/cm3)

η × 103
(Nsm–2)

u
(ms–1)

∆G×10–21
(gjmol–1)

πi × 10–7
(atm)

S × 106
(mNm–1)

W
(m3mol1

Ra

DMSO

Water

At 303.15K
0
20
40
60

60
40
20
0

40
40
40
40

1.0787
1.0563
1.0473
1.0344

0.8088
0.7818
0.7646
0.7456

1683
1637
1603
1516

0.7272
0.7285
0.7295
0.7322

1.7383
4.2329
4.1558
1.3789

1.61981
1.45963
1.35888
1.35260

41.2188
42.3628
42.9992
43.8111

0.34090
0.31866
0.28291
0.15472

At 313.15K
0
20
40
60

60
40
20
0

40
40
40
40

1.0714
1.0492
1.0316
1.0292

0.7651
0.7493
0.7293
0.7149

1637
1564
1495
1445

0.7291
0.7308
0.7326
0.7342

1.7228
4.3276
4.2599
1.4185

1.48050
1.26438
1.08579
0.97816

41.4996
42.6495
43.653
44.0324

0.35391
0.33253
0.32118
0.19314

At 323.15K
0
20
40
60

60
40
20
0

40
40
40
40

1.0632
1.0413
1.0232
1.0198

0.7639
0.7390
0.7222
0.7018

1601
1526
1502
1420

0.7298
0.7318
0.7324
0.7349

1.7873
4.4463
4.2625
1.4357

1.37436
1.16562
1.09215
0.91979

41.8197
42.9731
44.0119
44.4383

0.34563
0.22883
0.28212
0.18234

Table 4 – Summary of experimental data: density (ρ), ultrasonic velocity (u), viscosity (η) and the derived acoustical parameters of 1, 4dioxane + DMSO + water + Bu4NI salt mixtures at different temperatures.
% Compositions of solvents
Dioxane

ρ
(g/cm3)

η × 103
(Nsm–2)

u
(ms–1)

∆G×10–21
(gjmol–1)

πi × 10–7
(atm)

S × 106
(mNm–1)

(m3mol1

W

Ra

DMSO

Water

At 303.15K
0
20
40
60

60
40
20
0

40
40
40
40

1.0804
1.0614
1.0496
1.0321

0.8224
0.7845
0.7720
0.7507

1679
1582
1526
1471

0.7229
0.7212
0.7200
0.7189

0.7233
0.2100
0.2095
0.5916

1.61082
1.32376
1.17489
1.03483

41.1539
42.1593
42.9047
43.9087

0.34326
0.33133
0.29783
0.15910

At 313.15K
0
20
40
60

60
40
20
0

40
40
40
40

1.0739
1.0573
1.0434
1.0251

0.8192
0.7730
0.7655
0.7494

1594
1527
1493
1478

0.7209
0.7201
0.7193
0.7190

0.7745
0.2197
0.2167
0.5990

1.37006
1.18584
1.09381
1.04256

41.4030
42.4674
43.1599
44.2085

0.36431
0.34322
0.32529
0.18808

At 323.15K
0
20
40
60

60
40
20
0

40
40
40
40

1.0631
1.0489
1.0329
1.0165

1.0477
1.0187
0.8851
0.7351

1550
1492
1408
1384

0.7161
0.7144
0.7143
0.7123

1.0302
0.3099
0.3136
0.8804

1.24704
1.09737
0.90819
0.84884

41.8237
42.6617
43.5986
44.5825

0.35696
0.23575
0.29381
0.18647

The increase in internal pressure indicates association
through hydrogen bonding suggesting the close packing
of the molecules inside the shield, which may be brought
about by the increasing magnitude of interactions. From
Tables 2-5, it is clear that maximum fluctuation occur in

the curves at 20% and 40% Dioxane in the binary liquid
mixture of DMSO + H2O system. It is due to interactions
involve in the presence of salt with binary mixture at 0
and 60% dioxane while different behaviour of molecular
interactions occur with ternary liquid mixtures at 20%
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Table 5 – Summary of experimental data: density (ρ), ultrasonic velocity (u), viscosity (η) and the derived acoustical parameters of 1, 4dioxane + DMSO + water + Pen4NI salt mixtures at different temperatures.
% Compositions of solvents
Dioxane

ρ
(g/cm3)

η × 103
(Nsm–2)

u
(ms–1)

∆G×10–21
(gjmol–1)

πi × 10–7
(atm)

S × 106
(mNm–1)

W
(m3mol1

Ra

DMSO

Water

At 303.15K
0
20
40
60

60
40
20
0

40
40
40
40

1.0788
1.0676
1.0511
1.0328

1.0501
1.0264
1.0184
1.0095

1656
1568
1493
1453

0.7179
0.7161
0.7142
0.7131

4.2098
1.4272
1.4416
3.6955

1.54324
1.29645
1.10188
0.99798

41.2150
41.9144
42.8437
43.8789

0.34979
0.33624
0.30485
0.16118

At 313.15K
0
20
40
60

60
40
20
0

40
40
40
40

1.0724
1.0604
1.0423
1.0255

1.0056
0.9902
0.8495
0.8406

1540
1502
1465
1378

0.7159
0.7151
0.7153
0.7143

4.4250
1.4649
1.2448
3.3045

1.23376
1.13185
1.03232
0.84526

41.4610
42.19909
43.2054
44.1913

0.37656
0.34995
0.33115
0.20180

At 323.15K
0
20
40
60

60
40
20
0

40
40
40
40

1.0626
1.0492
1.0345
1.0142

0.9982
0.8933
0.9656
0.9478

1522
1480
1410
1312

0.7153
0.7138
0.7128
0.7102

4.5029
1.5019
1.4945
3.9499

1.18011
1.07141
0.91347
0.72149

41.8433
42.6495
43.5312
44.6836

0.36336
0.23773
0.30385
0.19626

and 40% Dioxane in all the cases. Here, major fluctuation
of curve shows at 0 and 20% dioxane.
The solvent molecules could not penetrated into the
small void space of Et4N+, by which it surrounded by
large number of solvent molecules as well as less
influence of small alkyl chain length on the solvent
molecules, causes Et4N+ cation has less value of πi than
Pr4N+ cation. Due to the some extent in alkyl chain
length of Pr4N+, the surrounding molecules produced
strongly repulsive forces with this alkyl chain length.
Hence, internal pressure becomes greater for Pr4N+
cation at 20 and 40% dioxane content.
In the case of Bu4N+ cation, only few molecules of
solvent penetrated into large alkyl chain length of cation
and some molecules are present around it. Therefore, it
shows ordinary molecular interaction with solute-solvent
molecules on addition of 1, 4-dioxane content. There
was a maximum number of solvent molecules are inserted
into the void space of large alkyl chain length of Pen4N+
cation and produced more repulsive forces. Hence πi of
Pen4N+ is greater than Bu4N+ cation. The inserted
Dioxane molecules present in chair conformation
because it is more stable than the boat conformation.
The solvent molecules present around the cation form
very complex molecular structure through involving
hydrogen bonding. So, Bu4N+ and Pen4N+ cation has

less values of πi than Pr4N+ cation at 20 and 40% dioxane
content. On adding dioxane content in binary liquid
mixtures, the value of dielectric constant (ε) of the
medium decreases and force of attraction increase
between the constituents of component. Therefore it is
clear that strong molecular interactions occurred at 20
and 40% dioxane in ternary liquid system. On rising in
temperature, the values of πi are increases for all the
system.
According to Granados and Fredrique 15 strong
molecular interactions occurred in the liquid mixture
which decrease the S-values of the components. Present
investigations are reflected in such manner i.e. ternary
liquid mixtures containing electrolytes shows decreasing
values of surface tension (S) are given in Tables 2-5. It
is understood on the basis of change in values of dielectric
constant (ε) of the medium. On adding dioxane content
in binary liquid mixtures decreases the values of the
medium and produce greater the force of attractions
between the constituents of the component. It indicates
that strong molecular interactions occurred between
solute and solvent molecules as well as formed a complex
molecule structures in the ternary liquid mixtures. Due
to decrease in velocity, fall in the value of S and
interactions are observed in associative nature.
On increasing the temperature of the system, solvent
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molecules become unstable due to increase in its energy.
This energy can be reduced by the conversion of boat to
chair conformation (non-polar) of 1, 4-dioxane molecules
which are present within large void space of tetra alkyl
chain length of Bu4N+ and Pen4N+ cation and produce
weak repulsive forces causes dipole-induced dipole
interactions. Thus stability of solvent molecules
increased within the void space through hydrogen
bonding. Therefore present observation confirms that
addition dipole-induced dipole type of molecular
interaction occurred in the case of Bu4N+ and Pen4N+
cation that have lowest value of surface tension (S).
The negative deviation in sound velocity (u) reveal
that a more highly compact structure or attractive
molecular interactions occurred, when 1, 4-dioxane
mixed with binary liquid mixture of DMSO and Water
containing electrolytes. Water forms a hydrogen bond
with the alkyl chain cation, while the DMSO interacts
more strongly with the alkyl chain cation. The
interactions between the DMSO molecule and alkyl chain
or ion occurred due to the ion - dipole interaction. This
will reduce the hydrogen bond between the cation and
anion in the ternary solution mixture, which contribute
to the decreasing values of surface tension (S). The
solvent molecules could not form hydrogen bonds within
small void space of Et4N+ and Pr4N+ cation because
these salts are smaller in size and are not able to hold the
solvent molecule. Hence this shows greater value of
surface tension (S) as compared to Bu4N+ and Pen4N+
liquid mixtures are given in Tables 2-5. The observed
non - linear variation in all these measured parameters
indicate the existence of specific molecular
interaction.
From Tables 2-5, The values of Wada's constant (W)
increases with increase 1, 4-dioxane content in DMSO
+ water system, indicate that due to more interactions,
the medium must be highly packed showing into strong
solute - solvent interactions. A strong molecular
interaction occurred at 20 and 40% Dioxane in ternary
liquid mixtures because system has binary liquid at 0
and 60% dioxane. It indicates that ternary liquid mixtures
has very complex structure and shows strong molecular
interactions. The non - linear variations of Wada's
constant (W) with temperature confirms the expansion
nature of the system and complex formation takes place
in the ternary solution mixture.
The increase in the values of W implies that there is
an absence of complex formation in case of Et4N+ and

Pr4N+ cation solution mixtures as compared to Bu4N+
and Pen4N+ cation solution mixtures. Further, Bu4N+
and Pen4N+ cation have less values of W than Et4N+ and
Pr4N+ cation which is proved that larger tetra alkyl chain
length cation (Bu4N+ and Pen4N+) formed more compact
and less compressible structure than smaller tetra alkyl
chain length cation (Et4N+ and Pr4N+). It is formed due
to molecular association, satisfying the phenomenon of
electrostriction.
In the present investigation, the relative association
(Ra) is found to decreases with increase the 1, 4-dioxane
content in DMSO + water binary liquid mixtures for all
the system, while it increases with increase in the size of
the R4N+ cation from Et4N+ to Pen4N+ are shown in
Tables 2-5. This is due to the penetration of solvent
molecules into large void space of Bu4N+ and Pen4N+
cation as well as formed associative in nature, but such
phenomena could not possible in case of Et4N+ and
Pr4N+ cation. This increase in relative association hints
to the existence of specific molecular interaction between
unlike molecules in the liquid mixture. Such increase in
relative association supports the idea that the liquid
system is in a more compressed state and the component
molecules are much closer to each other at higher 1, 4dioxane content in binary liquid mixtures and there may
exist specific interactions between component molecules
in the ternary liquid mixture. These observations confirm
that it may exit specific or chemical interactions like
charge transfer, hydrogen bond formation, and other
complex forming interactions between component
molecules in the ternary liquid mixture.
All the trends of the above parameters indicate
that the mixtures are less compressible than their
corresponding ideal mixtures. On rising in temperature,
maximum deviation takes place at 20 and 40% dioxane
selected in the ternary liquid mixtures because at this
% compositions solution become ternary and formed
more complex structure in the presence of electrolytes,
while at 0 and 60% dioxane content in the ternary liquid
mixture solution present binary in nature only. Therefore,
highly interactions as well as more fluctuations in the
curves take place at these % compositions. Generally,
the deviation parameter is considered to be the reflecting
agents of the magnitude of polarity at the site of
interaction in the molecules. These results prove stronger
dipole-dipole and dipole-induced dipole chemical
interaction between unlike polar-non-polar molecules
which results in contraction of volume.
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Conclusions
The molecular behaviour has been reported for four
ternary liquid mixtures containing lower as well as higher
alkyl chain length cation (Et4N+, Pr4N+, Bu4N+, Pen4N+)
when moving from low dielectric constant value to high
value of the medium. The measurements were taken
from 303.15K to 323.15. It is well known that when
aqueous-non-aqueous are mixed, large variation in the
molecular interactions takes place in the presence of
electrolyte. The new specific dispersive interactions that
appear should be suitable measured by volumetric
techniques and provide useful information about the
nature of intermolecular forces existing in the mixtures.
Et4N+ cation show similar nature of molecular interaction
as Pr4N+ cation while Bu4N+ cation show similarity
with Pen4N+ cation. It is due to the accommodation of
solvent molecules in the large cavity of higher alkyl
chain length and breaking of hydrogen bond but such
penetration are not possible within small cavity of lower
alkyl chain length cation and formed strong hydrogen
bonding. It is concluded that there exit interaction like
hydrogen bonding, dipole-dipole and dipole-induced
dipole between unlike molecules in ternary liquid system
of dioxane, DMSO and water.
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This paper describes the elastic, mechanical, thermal and ultrasonic properties of BeO-nanowires (BeONWs) in high temperature regime. The elastic properties of BeO-NWs are computed using Lennard-Jones potential
model. Using the higher order elastic constants, the mechanical constants of the material are calculated at room
temperature. The Pugh's indicator value confirms the brittle nature of the material. Various ultrasonic parameters
such as ultrasonic velocities, Grüneisen parameter, ultrasonic attenuation are obtained with the help of elastic
constants and density. In addition, the thermal conductivity of BeO-NWs has also been computed using Morelli
and Slack approach. The properties studied in the present investigation are discussed and compared with the
previous theoretical and experimental results on NWs.
Keywords: Elastic constant, nanowire, thermal conductivity, ultrasonic property

Introduction
The beryllium oxide is one of the known hardest
alkaline-earth oxide material and crystallizes in the
hexagonal wurtzite (P63mc) structure. The beryllium
oxide (BeO) finds its application in resonators, heat
release elements in a nuclear reactor, power transistors,
radio frequency devices, because of its high band gap,
electrical resistivity, and high thermal conductivity1-3.
Intensive research have been carried out in last decade
to obtain mechanical, electronic, thermal properties, and
structural deformations when it forms nanostructures.
The thermal, structural and phonon properties of wurtzite
beryllium oxide(w-BeO) nanostructures have been
reported via analytical bond order potential (ABOP)
using the density function theory (DFT)4. Lakel et al.5
studied the electronic, elastic and structural properties
of w-BeO reliant on pressure and temperature using
DFT and quasi-harmonic Debye model. They observed
that the effect of changes in pressure is more prominent
in comparison to effects of changes in temperature to
make significant impact on the structural parameters,

electronic and elastic properties of w-BeO. Malakkal et
al.6 reported the elastic and structural properties of wBeO using generalised gradient approximation ultrasoft
pseudo-potentials for solids. They used quasi-harmonic
approximation to study the thermodynamic properties.
The structural and elastic parameters of w-BeO have
been reported in literature using full potential linearized
augmented plane wave (FP-LAPW) method by Shein et
al.7. They had also estimated the sound velocity and
Debye temperature for BeO and ZnO polycrystals.
Bamba et al.8 have studied the electron effective masses
which is used to determine the transport phenomenon of
electron under the influence of electrical field and other
related properties of w-BeO. Recently an epitaxial BeO
was grown to a single crystal by domain-matching
epitaxy. The thermal and structural stabilities of w-BeO
have been analysed via XPS measurements and Raman
analyses9.
The ultrasonic based investigation methodology is one
of the best non-destructive technique10 that we had
utilised in this work to explore the semiconductor oxide
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characterization and application. We describe the
characterization of BeO at nanoscale based on theoretical
ultrasonic computational studies. For this ultrasonic
investigation, the higher order elastic constants are
determined at 300K using Lennard-Jones potential model
approach11, which in turn are utilised for computation
of the mechanical properties, ultrasonic velocity thermal
energy density, specific heat, thermal relaxation time,
Debye average velocity, Debye temperature and thermal
conductivity. Finally, the ultrasonic attenuation has been
determined using phonon-phonon interaction and
thermo-elastic relaxation mechanisms. The computed
results have been discussed in correlation with available
theoretical and experimental data reported in literatures
especially on nanowires11-14.
Theory

Where Vlong and Vshear show the longitudinal wave
velocity and shear wave velocity respectively. Their
magnitudes depend on the SOECs, material's density
and angle of propagation with unique axis. The electronphonon interaction, the phonon- phonon interaction and
thermo-elastic relaxation processes are the primarily
causes that give rise to ultrasonic attenuation in single
crystalline material such as w-BeO-NWs. The phonon
mean free path is dominant over electron mean free path
at high temperature hence attenuation due to electronphonon interaction is negligible in comparison to other
two mechanisms. The longitudinal wave propagation
creates the heat flow between the rarefied region and
compressed region throughout the crystal lattice, as a
result thermoelectric loss occurs15,18. It expression is
given below :
(α / ν 2 )th = 4π 2 kT γ i j

The chosen material for study i.e., BeO-NWs has
wurtzite hexagonal close packed (hcp) structure. The
ground state property of wurtzite structure obtained by
minimizing the total energy with respect to lattice
parameters (a and c). The determination of elastic
constants is important to predict the mechanical strength
and durability of the material for industrial applications
of the materials. The higher order elastic constants i.e.,
the second order elastic constants (SOECs) and the third
order elastic constants (TOECs) of hexagonal wurtzite
structured NWs have been determined using the theory
based on simple interaction potential model14-15. The
mechanical and acoustical properties of the material can
be analysed using the SOECs and TOECs. Using the
calculated values of SOECs the mechanical properties
such as bulk modulus (B), Young's modulus (Y), Poisson's
ratio (σ) and shear modulus (G) of the selected materials
have been estimated, via Voigt-Reuss-Hill averaging
scheme6,16 given as:
B = (BReuss + BVoigt)/2; G = (GReuss + GVoigt)/2
Y = 9BG/(3B+G); σ = (3B – 2G)/(6B + 2G)}

(1)

The ultrasonic waves modulate the frequencies of
thermal phonons such as they relax toward a new
equilibrium distribution. The ultrasonic velocities in the
hcp crystal for longitudinal mode of propagation, Vlong
and shear mode of propagation, Vshear have been
evaluated using the expressions given in the
literatures 14,17. The Debye average velocity VD has
expression given as :
3
1
2
= 3 + 3
3
VD
Vlong Vshear

(2)
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2

5
/ 2dVlong

(3)

Here ν is the frequency, d is the density of material, T
represents the absolute temperature, γ i j is the Grüneisen
number, κ is the thermal conductivity and αth is the
ultrasonic attenuation coefficient due to thermoelastic
mechanism. The Grüneisen number γ i j for w-BeO-NWs
is direct consequences of SOECs and TOECs19. The
frequencies of thermal phonons being modulated by the
ultrasonic waves, which in turn relax toward a new
equilibrium distribution largely by phonon entropy
producing process and results in ultrasonic attenuation
of the chosen material. The energy loss of ultrasonic
wave due to phonon-phonon interaction (Akhieser loss :
αAkh) is a dominant factor to give rise to considerable
ultrasonic attenuation. The loss due to phonon-phonon
interaction mechanism is given by following
expression20-21.
(α / ν 2 ) Akh = 4π 2τ DE0 / 3dV 3 (1 + ω 2τ 2 )

(4)

Where E0, D, τ, V, ω represent the thermal energy
density, acoustic coupling constant, thermal relaxation
time, the longitudinal or shear mode ultrasonic velocity,
and the angular frequency respectively. The acoustical
coupling constant is the measure of transformation of
the acoustical energy to thermal energy. The acoustic
coupling constant (D) for longitudinal and shear waves
(DL and D S ) has been evaluated using following
formula18,19.

( )

D = 9 γ ij

2

–

3 γ ij

2

E0

CvT

(5)

The thermal relaxation time for longitudinal ultrasonic
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wave is the twice of thermal relaxation time for shear
wave and is given as :
3κ
τ = τs = τl / 2 =
(6)
C V2

The total ultrasonic attenuation is given by
(α)Total = (α)th + (α)(Akh.long) + (α)(Akh.shear)

Where (α)(Akh.Shear) and (α)(Akh.Long) are Akhieser loss
for shear and longitudinal wave respectively.

v D

Here CV shows the specific heat per unit volume, τl
and τs represents the thermal relaxation time for the
longitudinal wave and for the shear wave respectively.
The thermal conductivity (κ) is given by following
expression22.
⎛ M ⎞
κ = k BVD ⎜
⎟
⎝ ndN A ⎠

–

(8)

Results and Discussion
The SOECs and TOECs for hexagonal w-BeO-NWs
has been determined using the lattice parameters (a and
c), constants m, n and the Lennard Jones constant (b0) at
room temperature using the formulation described in
literature14-15 and are given in Table 1. The values of a
and c are taken from the literature8. The value of axial
ratio (p=c/a) founds to be 1.6203. The Lennard Jones
constant (b 0) for w-BeO-NWs determined under

2
3

(7)

Where kB is the Botzmann constant, M is the molecular
mass, n is the number of atoms per molecule and NA is
the Avagadro's number.

Table 1 – SOECs and TOECs, mechanical properties (GPa) and the Poisson's ratio of w-BeO-NWs at 300K compared with previous theoretical
and experimental results.

Present
[6]
[23]
[24]
[25]
GaAs-NWs[11]
ZnO-NWs[14]
InN-NWs[33]

Present
[6]
[23]
[24]
[25]
GaAs-NWs[11]
ZnO-NWs[14]
InN-NWs[33]

Present
GaAs-NWs[11]
ZnO-NWs[14]
InN-NWs[33]

Present
GaAs-NWs[11]
ZnO-NWs[14]
InN-NWs[33]

C11

C12

C13

C33

C44

460.87
393
460.6
470
493.1
119.5
209.86
251.7

113.17
157
126.5
168
105
58.7
103.07
123.6

96.96
75
88.5
119
72
51.0
86.06
100.1

459.5
469
491.6
494
463
122.5
198.77
224.4

116.3
135
147.7
135
142.5
61.1
51.61
60.1

C66

B

Y

G

σ

173.85
118
167
118
167
46.8
53.39
98.7

221.66
207.5
244
224
204
75.8
129.63
152.8

366.56
361
393
397
---123.7
142.45
199.2

152.90
149
159
165
---50.4
53.69
77.6

0.23
0.21
---0.24
---0.35
0.31
0.39

C111

C112

C113

C123

C133

-7499.2
-585.0
-3422.2
-4105.0

-1189.0
-309.2
-542.58
-667.7

-248.32
-130.8
-11.37
-256.9

-315.60
-83.1
-140.28
-163.2

-1550.9
-413.9
-671.41
-757.8

C344

C144

C155

C222

C333

-1453.9
-388.0
-629.43
-710.5

-367.72
-9.7
-163.44
-190.2

-245.09
-64.6
-108.94
-126.8

-5933.6
-154.3
-2707.7
-3248.0

-5747.6
-155.4
-2423.6
-2653.6
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equilibrium condition is 7.2355×10–65 erg-cm7. The
values of m and n for w-BeO NWs have been taken 6
and 7 respectively. In addition, the acoustical and
mechanical properties of the chosen material have been
analysed with the help of the SOECs and TOECs14-15.
The obtained mechanical properties modulus (B),
Young's modulus (Y), Poisson's ratio (σ) and shear
modulus (G) are reported in Table 1.
The comparison of the observed values of SOECs as
depicted in Table 1 shows a good agreement with the
literatures23-25. The bulk modulus for BeO-NWs is
221.66 GPa which is equal similar the experimental
values of 210 GPa26. The isothermal bulk modulus of
219 GPa obtained via ultrasonic experiment on the
polycrystalline samples is in good agreement with single
crystal BeO results 224 GPa24. It has been observed that
the measured bulk modulus by ultrasonic experiment
shows 7-12% higher than that by the hydrostatic method.
Since the bulk modulus is related with stiffness
coefficients therefore it validates our methodology for
computation of SOECs and TOECs for the material under
consideration. The TOECs values of BeO-NWs are not
available for direct comparison. In order to justify the
negative values of TOECs, we compared our results of
BeO-NWs with other wurtzite NWs11,14,33. As our
approach for evaluation of higher order elastic constants
based on potential model requires only lattice parameter
initially and avoids approximation as required in first
principle calculation therefore it is more simple and
accurate than the other model.
The other properties of a material like brittleness or
ductility, hardness, stability, strength can also be
evaluated using its mechanical parameters. The SOECs
of the selected material satisfy the Born's mechanical
stability criteria for wurtzite hexagonal crystal 17,28
C11>C12,2C132 < C33 (C11+C12), C44 > 0, C66 > 0. This
indicates that the chosen material is mechanically stable.
As per the Pugh's ratio (B/G) should be greater than
1.75 to show the ductile behavior, which in the case of
hexagonal wurtzite BeO is 1.45 indicating that it is a
brittle material28. The elastic anisotropy (A) is applied
to explore the anisotropic degree of w-BeO-NWs
crystal29. The observed value of elastic anisotropy is
0.64 which is far from 1, hence the interaction force
among the atoms of w-BeO-NWs displays anisotropic
characteristics. The Poisson's ratio (σ) value for the
central forces should lie within the limits 0.25< σ <0.5
indicates the degree of the directionality of the covalent
bond. As it is clear from Table 1, the value of σ for the
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considered material is out of this range showing that the
forces are non-central and thus w-BeO-NWs are more
stable against shear stress. If we compare the values of
SOECs and TOECs of the chosen material with other
similar structured NWs i.e. GaAs-NWs, ZnONWs11,14,33, then it clearly indicates that BeO-NWs has
better elastic behavior. It reveals that in BeO-NWs large
strain will develop for a given deforming force in
comparative to other NWs.
The orientation dependent ultrasonic velocities with
unique axis (θ) of crystal i.e., longitudinal, shear and
Debye average velocities of the material under
consideration determined at 300K are shown in Figs.12. The Debye average velocity characteristics shows
their maxima obtained at 55° at 300K. As Debye average
velocity depends on Vlong, Vshear1, and Vshear2 thus the
angle variations in these velocities affects the angleoriented characteristicsof VD. Figure 2 shows that the
average acoustic velocity is maximum only when an
acoustic wave propagates at 55° with unique axis of
BeO-NWs. The obtained pattern of by the ultrasonic
velocities in the present work is found very similar as
the angle-oriented velocity characteristics for other
wurtzite hexagonal materials30-31. Hence our evaluation
to find velocity of w-BeO-NWs seems correct. The three
types of ultrasonic velocities in the acoustical region
depends on SOECs and the direction of propagation of
waves from the unique axis of the hcp structured material.
The ultrasonic velocities of BeO-NWs resemble similar
characteristics as of other hexagonal structured

Fig. 1. Ultrasonic velocities vs angle from unique axis of BeONWs crystal
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2, at room temperature.As depicted from Table 2, the
thermal conductivity 'κ' for BeO-NWs at 300K is 283
Wm–1K–1 which is in good agreement with the measured
value 250 Wm–1K–1 obtained by Malakkal et al.6.

Fig. 2. Debye average velocity vs angle from unique axis of
BeO-NWs crystal

semiconducting NWs like ZnS, GaAs, ZnO, In N11,14,33.
The comparison of ultrasonic velocities with
literature11,14,30,33 shows the velocity in the case of BeONWs is higher. Thus, the mechanical and elastic behavior
of the semiconducting BeO-NWs will be better than the
similar structured NWs.
The thermophysical properties e.g. 'Cv' the specific
heat per unit volume, 'E0' the thermal energy density
have been computed with the help of VD and from θD/T
tables of the American Institute of Physics (AIP)
Handbook32. The thermoelastic loss is calculated using
Eq.(3). The ultrasonic attenuation coefficient (α/ν2)Akh
for shear and longitudinal waves are evaluated using
Eq.(4) with the condition ωτ less than unity. The acoustic
coupling constant (D) for longitudinal and shear waves
(DL and DS) has been evaluated using Eq. (5)18,19. The
thermal relaxation time (τ) and the thermal conductivity
(κ) of w-BeO-NWs have been computed by using Eq.(6)
and Eq.(7) respectively.
The computed values of κ, τth, DL, DS, (α/ν2)th, (α/
2
ν )L, (α/ν2)S and (α/ν2)Total have been presented in Table

It is obvious from Table 2, that DL>DS which indicates
that large acoustical energy being converted into thermal
energy for the wave propagating through BeO-NWs.
The order of τ is found to be in 10–12s. It shows that
after passing the ultrasonic wave the distribution of
thermal phonons will retain its equilibrium in ~pico
seconds. On the basis of the quantum of τ, we conclude
that w-BeO-NWs has a semiconducting behaviour14.
The ultrasonic attenuation is evaluated with assumption
that the wave is propagating along unique axis of the
material under consideration. Since in the BeO-NWs
very few atoms lie on the surface in comparison to the
volume. Thus,during the propagation of ultrasonic wave
more longitudinal phonons will interact with the thermal
phonons of the medium in comparison to that of the
shear phonons. Hence it validated our finding that the
acoustic coupling constant (D L ) and ultrasonic
attenuation for longitudinal wave (α/ν2)L will be larger
than that of the shear wave at any frequency. Similar
characteristics has also been reported for ZnO-NWs14
and InN-NWs33. This means that the phonon-phonon
interaction is predominant over the thermoelastic
relaxation process for causing ultrasonic attenuation in
w-BeO NWs.Low value of ultrasonic attenuation
coefficients (Akhieser type) and thermoelastic loss for
BeO-NWs in comparison to similar structured NWs like
GaAs, ZnO, InN11,14,33 shows that BeO-NWs reveals
better performance for industrial applications.
Conclusions
We have successfully computed nonlinear elastic
properties as well as ultrasonic properties for w-BeO
NWs using Lennard Jones potential model. Trends of
SOECs and TOECs is similar to other studied NWs.
Born stability criterion for mechanical stability have
been satisfied for w-BeO-NWs. Pugh's ratio indicates

Table 2 – κ (Wm–1K–1), τth (in ps), (DL, DS) and (α/ν2)th, (α/ν2)L, (α/ν2)S and (α/ν2)Total (in 10–16 Nps2m–1) of BeO-NWs at 300K.

BeO-NWs
GaAs-NWs[11]
ZnO-NWs[14]
InN-NWs[33]

κ

τth

DL

DS

(α/ν2)th

(α/ν2)L

(α/ν2)S

(α/ν2)Total

283
-42.75
15.2

16.89
-7.93
3.479

56.85
10.45
922.76
57.03

1.50
0.44
147.53
1.51

0.0135
0.0024
0.26
0.014

2.512
3.358
180.09
9.405

0.2617
0.5643
109.34
0.900

2.787
3.925
289.6
10.31
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brittle nature of w-BeO NWs. Anisotropic factor
deviation from unity shows anisotropic characteristics
of w-BeO-NWs. The relaxation time (τ) of w-BeO NWs
clearly shows the semiconducting nature of the
material.The restoration time for the symmetrical
distribution of thermal phonons will be minimum for
the wave propagation along 55°. As observed (α/
ν2)L»(α/ν2)S which shows that ultrasonic attenuation
along longitudinal wave is prominent in total ultrasonic
attenuation. The comparative analysis of BeO-NWs with
other similar structured NWs clearly indicates that BeONWs has better elastic and acoustical behavior.
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The huge deposition of industrial waste and by-product of different agricultural waste in open environment
of many regions of India are creating the new environmental problems day by day. The composite materials
made from industrial waste or bio-waste has found to be less significant than that of hybrid one. The hybrid
composite using coir dust and fly ash particle reinforcement were prepared with proper treatment of blended
chemicals by ultrasonic technique. The optimized value of blended chemicals proves its importance in synthesis
of better hybrid composite rather than that of unknown proportions of chemicals. The different physico acoustic
properties like dielectric constant and sound absorption of synthesized composites has been measured. The
results of dielectric measurement and sound absorption property of this material ensures the importance of
hybrid composite rather than single composite. The resulting composite property shows that the injection of coir
dust and fly ash into it helps in the interface bonding and distribution of absorbed moisture in the material
producing a change in dielectric behavior.
Keywords: Coconut coir powder, fly ash, ultrasonic velocity, acoustic parameters, sound absorbing material,
dielectric constant.

Introduction
Sound absorbing materials which are made for room
acoustic applications are basically porous in nature are
prepared from synthetic materials like rock wool, glass
wool, polyester which are very expensive and generated
from petrochemicals. As we know the basic property of
the sound absorbing materials is that it should be fibrous
and porous, some natural materials are fulfilling these
conditions and coconut coir is one of them1. These coir
fibres are having potential of waterproof and resistant to
damage by salt water. The treated fibres significantly
increase in tensile, flexural and impact strength of the
composites. The deposition of industrial waste products
in open area causes soil, water and air pollutions and fly
ash is one of them. While suspended in the exhaust
gases, fly ash material solidifies and by collected with
the help of electrostatic precipitators or filter bags. These
are amorphous and spherical in shape of about 0.5µm to
300µm. It is a heterogeneous material and chemically
constituent of SiO2, Al2O3, Fe2O3 and CaO. Thus instead

of making bricks for the building constructions fly ash
can be used for the preparation of various scientific
materials like indoor noise absorbers. The hybrid material
prepared from the reinforcement of coconut coir dust
and fly ash powder gives better physical and acoustic
properties 2-7. The result of thermal conductivity,
electrical conductivity and sound absorption coefficient
was performed both for the individual samples and also
for the hybrid one. The hybrid sample made from the
coconut coir dust and fly ash powder gives the better
result than the individual samples.
Materials and Method
The dried coconut fibres were collected and dried
under the sunlight for 4-6 days. All the long fibres are
cut in to small pieces of about 9-10 cm. The compatible
solvent mixture of maleic acid and methanol was
prepared (60/40) with the help of ultrasonic interferometer technique. The small pieces of coconut coir
fibre were blended with the compatible solvent for the
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reduction of impurities that present on the surface of the
coir fibre. Then it was air dried in room temperature for
24 hours and also put in an oven at 60°C to reduce its
moisture contents. The small pieces were grinded in to
smaller size and by help of test sieve method the particles
were collected of size about 150 µm and stored in an air
tight container. For the fabrication of bleached fibre
reinforced composite made from coconut coir dust and
fly ash power a handmade metallic mould is designed of
diameter about 29 mm. The bottom of the mould was
spread by plastic releasing agent and silicon spray is
applied to the plastic sheet in order to easily release the
prepared composite. By weight proportion of 10:1 ratio
the coconut coir powder, fly ash dust and epoxy are
mixed together and stirred for 30 minutes to form a
uniform matrix. To avoid the air bubbles and air voids
the matrix was well pressed and curing at room
temperature for 24 hrs8.
Characterization of Hybrid Composite
The composites made from coir dust, fly ash, a
combination of coir dust and fly ash hybrid polymer
composite are characterized by SEM which supports
the different study for acoustic absorption study.
Figure 1(a) shows the surface morphology of the
compact made from coir dust. Some amount of inter
particle void spaces are present and the particles are
multifaceted type. Figure 1(b) demonstrates a compact
made with fly ash only. Porous regions are
homogeneously distributed and vary from region to
region throughout the surface. Figure 1(c) shows the

composite made with blending epoxy resin with coir
dust and fly ash in equal volume percentage. Here some
clear globular regions are observed. The interface
bonding of coir dust and fly ash particles is found to be
superior to that of all previous cases as there are less
inter particle void spaces and crack. This composite has
the lowest porosity, most homogeneous surface structure,
and greatest interface bonding as compared to previous
samples. Formation of cavities is noticed, which may be
due to trapping of air bubbles during stirring.
Experimental Measurement
The blended solution of maleic acid and methanol
was prepared by a multi-frequency ultrasonic interferometer (2 Hz) with accuracy of ±0.01 ms–1. Thermal
conductivity of the sample was measured by the help of
Lee's apparatus. To measure the electrical conductivity
the sample was placed between two plates made with
copper materials. The adjustable terminal of the plate is
directly connected with the negative terminal 12V battery
and thus the fixed foundation plate was cathode. A digital
multimeter was connected with the other end of the
battery and the fixed part was cathode. The fixed
resistance was calculated by shot-circuiting the circuit.
The sample was placed in between the foundations and
electrical conductivity was calculated. The sound
absorption coefficient of the sample the impedance tube
kit measurement method was performed. It consists of
sample holders, low and high frequency tubes, loud
speaker case, audio amplifier and two microphones. The
microphones were connected to the PC and using the
software SCS8100 interface guides the user through the

Fig. 1. (a) SEM of coir dust (b) SEM of fly ash (c) SEM of Hybrid composite

S.P. MISHRA et al.: ULTRASONIC STUDY OF HYBRIDE COMPOSITES

measurements and stores the operation results. The
dielectric measurement of the hybrid composite sample
was measured by using HP impedance analyzer E4980A
having the LCR meter capacity of about 2 MHz. The
hybrid composite material was analysed using two
contacting metal electrode in the frequency range 1 kHz1 MHz with ASTM D150-11 standard9.
Results and Discussion
The calculated value of density of maleic acid and
methanol mixture and measured values of ultrasonic
velocity used to calculate the isentropic compressibility
in the binary mixture. For the entire mole fraction of
mixture of maleic acid and methanol the deviated values
are found to be negative as shown in the Fig. 2. The
negative excess isentropic compressibility results in the
reduction of mixture favoring the fitting of component
molecules in each other. Thus the solvent mixture of
maleic acid and methanol (60/40) gives good result for
treatment of coconut for bio composite.
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Figure 3 indicates the variation of thermal conductivity
with the percentage of mixture of particles coconut coir
dust and fly ash. With the increase of concentration of
particles due to heavy air dragging force between the
vibrations of air particle the thermal conductivity
increases in 10-5 order.
In Figure 4 with increase of concentration of the hybrid
composite the electrical conductivity increases in the
10-5 order. These two results simultaneously indicate
the thermally and electrically insulating behavior of the
sample.

Fig. 4. Variation of electrical conductivity

Absorption coefficient (dBm–1 )

Fig. 2. Variation of isentropic compressibility

The randomly oriented polymer chain of epoxy
molecules with coconut coir powder and fly ash dust
absorbs the sound energy due to the roughness and porous
nature of the sample. For Fig. 5 shows the results about
the increase in frequency, there is an increase in sound
absorption coefficient. The optimum value is 0.78 for

Fig. 3. Variation of thermal conductivity

Fig. 5. Frequency vs sound absorption coefficient
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the frequency 800Hz. It gives good absorption coefficient
beyond 400Hz and lower value below 400Hz10-11.

Dielectric constant

From Fig. 6 it can be observed that the dielectric
constant goes on decreasing with increase in frequency,
because the oriental polarization of the dielectric
relaxation depends on molecular arrangement in the
hybrid composite. The rotational motion of polar
molecules is not rapid sufficiently at higher frequencies
with applied electric field. This is due to the fact that the
dielectric behavior depends on porosity, material
properties and interface bonding for the composite
materials.

University of Technology for the laboratory facility and
also very much thank full to Defence Research and
Development Organization (DRDO) for financial support
under the project ERIP/ER/1203150/M/01/1559.
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Conclusions
As the isentropic compressibility goes on increasing
in a negative manner, the prepared solvent mixture maleic
acid and methanol (60/40) can be used for the bleaching
purpose of coconut coir fibres. Thus the prepared solvent
mixture has good impact for the preparation of hybrid
composite materials from agricultural fibrous waste
products. The fragile results of thermal and electrical
conductivity furnish the authentication this hybrid
material made from coconut coir dust and fly ash powder
can be used as both thermally and electrically insulators.
Again the better sound absorption property shows that it
can be utilized in the application of noise reducing agent
for the indoor building architecture. Thus this hybrid
composite has a better performance than usual bio
composite materials for the utilization in sound absorbing
and dielectric materials.
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(Awarded in 2019 by Ravenshaw University, Cuttack, Odisha to
Amita Tripathy, ABES Engineering College, Ghaziabad, Uttar Pradesh)

One of the major challenges in crude oil refinery is
dewaxing of crude oil. Thesis presents a detailed
discussion on the energy production from different
sources, indicates that the technologies used for the
process of dewax is not adequate or improvised as
compared to other resources. This is either due to lack of
proper technology or deficiency in application of basic
mechanism of scientific ideas or economic benefit. The
entire work describes cost effective, non-destructive
technique, easy and innovative method for wax
minimization through ultrasonic assistance.The thesis is
presented in eight chapters.In the present work crude oil
samples like light, heavy were collected from Onta, USA
and Mathura refinery, Uttar Pradesh, India. The extraction
technology and separation science is based on the basic
mechanism of ultrasonic assisted solvent extraction
whichis easier and highly efficient.The estimation of wax
content in the crude oil is done to predict the paraffin
component of crude oil collected from different countries.
Again the compatibility of blended chemicals for
dewaxing are verified by studying the molecular
interaction through ultrasonic assistance with different
physical parameters like effect of temperature and
ultrasonic frequencies.
After a rigorous study on the chemicals, their
characteristics, suitable pairs of chemicals (extractant and
diluent), proper environmental condition, proper technique
to study the compatibility of chemicals and the entire
experimental procedure is described in materials and
methodology section.The results of different blends of
chemicals are estimated by measuring the ultrasonic
velocity, density of chemicals and their allied parameters
called acoustic parameters and other computed
parameters. The variation of different profiles for different

working condition determines the estimation of suitable
blends for dewaxing process as confined in the chapters
fifth to seventh of the thesis. Initially the compatibility
of the extractants with various diluents is studied using
ultrasonic wave. Effect of it on the intermolecular
interaction of the binary mixture is properly analysed.
Using ultrasonic interferometer, ultrasonic velocities
within the liquid blends are evaluated. Other acoustic
parameters such as excess isentropic compressibility,
excess intermolecular free length, excess acoustic
impedance, are also calculated to distinguish appropriate
blend and particular/optimum concentration range of the
mixture to make the extraction procedure easier. With
the application of acoustic wave at 1 MHz frequency,
three extractants like MEK, MIBK and acetoneare taken
for the experimental work which is further blended with
three diluents like toluene, nitrobenzene and
bromobenzene. With increasing frequency, velocity of
the ultrasonic wave decrease which consequently lowers
the efficiency of different blends. At moderate temperature
(303K), it is suitable to study the physico-chemical
parameters of liquid blends with the implementation of
ultrasonic wave.From the compatibility study, at extraction
temperature of 293 K and extraction frequency of 125
kHz, a particular range of the liquid blend is evaluated
as the optimum blend.By using formula for wax yield,
extraction efficiency is estimatedfor collected crude oil
samples.The morphology study through microscopic and
SEM confirms the presence of extracted wax in the
sample.In last chapter a good concluding remark about
comparison of the different blended chemicals along with
wax yield % with different samples is highlighted. The
systematic analysis and investigation of the work carried
out for the dewaxing of crude oil are summarized with
conclusion along with its future scope.
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