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Abstract

Ultrasonic velocities and densities and viscosities of parachloroacetophenone with alcohols have been measured at temperatures
range from 303.15 K to 318.15 K over the entire composition range of mole fraction. Theoretical ultrasonic velocities were
correlated by using Nomoto's relation (UNOM), Impedance relation (UIR), Ideal mixing relation (UIMR), Junjie's relation (UJ) and
Rao's specific velocity (UR). The theoretical and experimental values found good agreement with molecular interaction parameter
(a) and chi square Goodness-of-fit test (Х2).
© 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of University of Kerbala. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The ultrasonic velocity and density are vital parame-
ters used in understanding the nature of molecular as-
sociation emanating from intermolecular interactions
between liquid components mixtures. The experimental
and theoretical values of ultrasonic velocities in binary
liquid mixtures show deviations [1,2]. The interpretation
of ultrasonic velocities has been widely useful for un-
derstanding themolecular interactions between polar and
non-polar groups between component molecules [3].

Similar kind of research work has been done by earlier
workers. In the present paper, the theoretical ultrasonic
velocities of binary liquid mixtures containing Para-
chloroacetophenone (PclAp) and 1-Alcohols (1-
Propanol, 1-Butanol, 1-Pentanol) over the entire mole
fraction range and temperatures from 303.15 K to
318.15 K have been correlated with Nomoto [4], Van
Dael and Vangeel ideal mixing relations [5], impedance
relation [6], junjie [7], and Rao's specific velocity [8].
Proper applicability of the theories of present work has
been discussed. The results were evaluated in terms of
molecular interaction parameter (a) and chi square
Goodness-of-fit test (Х2). The deviation of molecular
interaction parameter fromunity has also been calculated
for explaining the non-ideality in the liquid mixtures.
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2. Materials and methods

Parachloroacetophenone (pclAp), is taken as the
main component and 1-Alcohols (1-Propanol, 1-
Butanol, 1-Pentanol) are taken as secondary compo-
nents as three binary systems. These chemicals pur-
chased from S.D. Fine chemicals Ltd, India are used in
the present work. The selected solvents were purified
by adopting the methods as described in the literature
[13,14]. The mixtures were prepared by mixing
weighed amounts of the pure liquids by adopting the
method of a closed system by using Mettler Toledo
(ME204) balance with the precision of ±0.1 mg.
Mixtures were allowed to stand for some time before
every measurement so as to avoid air bubbles. Ultra-
sonic velocities (u) and densities were determined
by using an Ultrasonic Interferometer Model

DSA-5000M, from Anton Paar India Pvt. Ltd. The
densities were measured by taking the sample of 2 ml.

3. Theory

Explanation and evaluation of various ultrasonic
theories are as follows:

(1) Nomoto theory

It is based on the additivity of molar sound veloc-
ity(R) and no volume change on mixing.

R¼M=rU2 ð1Þ

Where U and r are ultrasonic velocity and density
which are evaluated experimentally. M is the mean
molecular weight

M ¼ ðX1M1 þX2M2Þ ð2Þ

Where M1 and M2 are the molecular weights of con-
stituent components

UNom ¼
�
X1R1 þX2R2

X1V1 þX2V2

�3
ð3Þ

X1 and X2 are the mole fractions of 1st and 2nd
components. Vi is the molar volume of component i.

R1 and R2 are the molar sound velocity of 1st and 2nd
components.

(2) Impedance relation

The specific acoustic impedance relation is used for
evaluating the ultrasonic velocity in the liquid mixtures

UIR ¼ SXiZi=SXiri ð4Þ

Where Xi is the mole fraction, ri is the density of the
mixture, Zi is the acoustic impedance.

(3) Junjie equation

This equation is given by Junjie, which depends on
mole fraction, molecular weight and density of the
mixture is given as

(4) Rao's specific velocity relation

Rao's specific velocity relation is the ratio of molar
sound velocity or Rao's constant (R) and molar volume
(V)

UR ¼
�
R

V

�3

ð6Þ

(5) Ideal mixing relation

Van Dael and Vangeel suggested the ideal mixing
relation

1

X1M1 þX2M2

1

Uimr
2
¼ X1

M1U1
2
þ X2

M2U2
2

ð7Þ

Where Uimr is the ideal mixing relation of ultrasonic
velocity, U1 and U2 are the velocities of the individual
components.

(6) Molecular interaction parameter (a) is given by

a¼
�
Uexp

2
.
Uimr

2
�
� 1 ð8Þ

UJ ¼
�
X1M1

r1

þ X2M2

r2

�,�
fX1M1 þ X2M2g1=2

�
X1M1

r1U1
2
þ X2M2

r2U2
2

	�1=2
ð5Þ
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