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Abstract—In the present study ultrasonic velocity (v), density (p) and viscosity (1) have been measured at fre-
quency 1 MHz in the binary mixtures of propranolol hydrochloride with water in the concentration range (0.1
t0 0.0125%) at 303, 308, 313 K using Multifrequency ultrasonic interferometer. The measured value of den-
sity, ultrasonic velocity, and viscosity have been used the acoustical parameters namely adiabatic compress-
ibility (B,), relaxation time (7), acoustic impedance (z), free length (L), free volume (V) and internal pressure
(IT;),Wada’s constant (W), Rao’s Constant (R), cohesive energy (CE) were calculated. These parameters

explained formation of hydrogen bond and molecular interaction existing in the solution.
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INTRODUCTION

Ultrasound refers to sound waves of such a high
frequency that it cannot be heard. High resolution
ultrasound imaging has been used for determination of
melanoma invasion depth in vivo for preoperative
staging purposes [1, 2]. Now a day’s Ultrasonic tech-
nology is employed in a wide range of applications in
medicine, biology, industry, material science, agricul-
ture, oceanography, sonochemistry research etc. due
to its non-destructive nature [3—10].

These waves have also been used to extract and
release intracellular enzymes such as invertase, to pro-
mote enzyme release, enhance productivity in biolog-
ical processes [11] etc. In field of agriculture, ultra-
sound waves have been utilized extensively in chemical
additives (fertilizers and plant protection prepara-
tions) for improving the production yield of food pro-
duced. In materials chemistry, ultrasound waves have
been useful in the preparation of biomaterials, protein
microspheres, in the modification of polymers and
polymer surfaces etc. [12—17].

Much work has been done in solutions of polymers
[18—23], amino acids [24, 25] and other electrolytes
[26—33]. However, little work has been done for solu-
tions of solid organic compounds [34—38].

Ultrasonic offers the most exciting and fascinating

field of scientific research among the researchers since
the ultrasonic and other related thermo acoustic

! The article is published in the original.

parameters provide useful information regarding the
structure of molecules, molecular order, molecular
packing, inter and intra-molecular interactions [39,
40] etc. Ultrasonic study of liquid—liquid mixture has
gained much importance during the last two decades
in assessing the nature of molecular interaction and
investigating the physiochemical behavior of this sys-
tem [41, 42]. The review of literature reveals that lot of
work has been done to investigate ultrasonic measure-
ment of pure liquid and liquid mixture at different
environment, but less effort has been made to investi-
gate ultrasonic studies in binary mixture of proprano-
lol hydrochloride (A syenthetic beta adrenergic recep-
tor) i.e. with water. Thus in the present paper, acousti-
cal studies of drug propranolol hydrochloride have
been studied in water at different temperatures over a
wide range of concentrations. From these experimen-
tal values a number of thermodynamic parameters
namely adiabatic compressibility, acoustic imped-
ance, relaxation time, free length, free volume, inter-
nal pressure, wada’s constant, Rao’s Constant have
been calculated. The variation of these parameters
with (%) concentration was found to be useful in
understanding the nature of interactions between the
components.

MATERIALS AND METHODS

Propranolol hydrochloride used in the present
work was of analytical reagent (AR) grade with a min-
imum assay of 99.9%, It is used without purification.

2150



ACOUSTICAL STUDIES OF MOLECULAR INTERACTION

Ultrasonic velocity, m/s

1540 |
1530 |
1520 |
1510 |

1500 |~

1 1
0 0.02 0.04 0.06 0.08 0.10
Concentration, %

1490

Fig. 1. Variation of Ultrasonic velocity.

Different concentrations of solution were prepared by
adding sufficient amount of solvent water to propran-
olol hydrochloride. The ultrasonic velocity (v) have
been measured in ultrasonic interferometer Mittal
Model-F-05 with an accuracy of 0.1%. The viscosities
(m) of binary mixtures were determined using Ost-
wald’s viscometer by calibrating with double distilled
water with an accuracy of £0.001 PaSec. The density
(p) of these binary solution was measured accurately.
using 25 mL specific gravity bottle in an electronic
balance precisely and accurately The basic parameter
U, n, p were measured at various concentration
(0.0125 to 0.1%) and temperature of 303, 308 and
313 K. The various acoustical parameters were calcu-
lated from v, n & p value using standard formulae.

On using ultrasonic velocity, density and viscosity
the following acoustical parameters like adiabatic
compressibility (8,4), intermolecular free length (L),
relaxation time (7), free volume (V)), internal pressure

2 (IT,), acoustic impedence (Z), ultrasonic attenuation
(a/f?), Rao’s constant (R), molar volume (V,,),cohe-
sive energy (CFE) were calculated by applying the fol-
lowing expressions [43—50].

1. Ultrasonic velocity (v): The relation used to
determine the ultrasonic velocity is given by,

v=/f\ ms"!

Where, f—Frequency of ultrasonic waves, A—Wave
length.

2. Adiabatic compressibility (x): Adiabatic com-
pressibility which is defined as,

Baa = (1/0%p) kg™ ms?,

where, v—Ultrasonic velocity, p—Density of the solu-
tion.

3. Free volume (V): Free volume in terms of the
ultrasonic velocity (v) and the viscosity of the liquid
(n) calculated by formula

Vi=(Mv/m)*? m’,
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where, M is the molecular weight and ‘k’ is a tempera-
ture independent constant equal to 4.28 x 10° for all
liquids.
4. Acoustic impedance (Z): The acoustic imped-
ance is computed by the formula
Z=vp kgm2s\.

5. Free length (Ly: It is calculated on using for-
mula,

L=(KV %)

K—Jacobson temperature dependent constant defined
as K= (93.875 + 0.345T) x 10~8, x = Adiabatic com-
pressibility.

6. Attenuation (ou/f?): It is calculated by,

o/f? = 8m*n/3pv’.
7. Viscous relaxation time (7): It is calculated by
using the relation,

T =4n/3pv>.

8. Rao’s Constant (R): Rao’s constant is calculated
by using formula,

R=Vv), or R= (Mjo;
Y

M = Molecular Weight.
9. Wada constant (W): It was calculated by formula,

W= Mx"p

10. Internal pressure (II;): On using below cited
formula Internal pressure is calculated,

2 2
I, =bRT[@} i
vl Mg

11. Molar volume: It is the ratio of density and
molecular weight.

12. Cohesive energy (CE): Cohesive energy is cal-
culated by formula quoted below,

CE =11V,

RESULT AND DISCUSSION

The measured values of ultrasonic velocity, density
and related thermo acoustical parameters of propran-
olol hydrochloride with water at 303, 308, 313 K tem-
peratures in different concentrations are shown in sup-
plimetry file. The variation of acoustical parameters
with concentrations and temperature is shown graphi-
cally in Fig. 1 to 14. It is observed that ultrasonic
velocity and acoustic impedance show nonlinear
increasing variation with increase in molar concentra-
tion. This indicates that the complex formation and
intermolecular weak association which may be due to
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Fig. 2. Variation of Density with concentration and tem-
perature with concentration and temperature.
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Fig. 4. Variation of Viscosity with concentration and tem-
perature with concentration and temperature.
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Fig. 6. Variation of free volume with concentration and
temperature with concentration and temperature.
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Fig. 3. Variation of Adiabatic compressibility.
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Rao's constant
3.410 +

3.405 °

3.400

3.395

3.390

A

3385 | | | | |

0 0.02 0.04 0.06 0.08 0.10

Concentration, %
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Fig. 8. Variation of Internal pressure with concentration
and temperature with concentration and temperature.

Acoustic Impedance x10° (kg_] m?2 S_l)

1.55
1.54
1.53
1.52
1.51
1.50
1.49

—

—— 308K
—— 313K

0

0.02 0.04 0.06 0.08 0.10
Concentration, %

Fig. 10. Variation of Acoustic Impedance with concentra-
tion and temperature with concentration and temperature.
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Fig. 12. Variation of cohesive energy with concentration
and temperature with concentration and temperature.
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Fig. 9. Variation of Ultrasonic attenuation.
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Fig. 14. Variation of Relaxation time with concentration
and temperature with concentration and temperature.

hydrogen bonding. Thus complex formation can occur
at these molar concentrations between the component
molecules. Adiabatic compressibility (8,) shows an
inverse behavior compared to the ultrasonic velocity.
Adiabatic compressibility decreases with increase in
concentration of propranolol hydrochloride. The
decrease in compressibility implies that there is an
enhanced molecular association in the system with
increase in solute concentration.

The opposite trend of ultrasonic velocity and adia-
batic compressibility indicate that the association
among interacting propranolol hydrochloride and
water molecules. In the present system of aqueous

3 propranol hydrochloride, free length varies nonlin-
early with increase in molar concentration which sug-
gests the significant interaction between solute and
solvent due to which structural arrangement is also
affected.

Relaxation time decreases with increase in concen-
tration. Nonlinear trend of density with concentration
indicates the structure-making and breaking property
of solvent due to the formation and weakening of H-
bonds. The free volume increases and internal pres-
sure decreases with increases in molar concentration
indicate the association through hydrogen bonding. It
shows the increasing magnitude of interaction
between the propranolol hydrochloride and water.

CONCLUSION

The ultrasonic study of the liquid mixtures serves as
a probe to detect the molecular association arising
from the hydrogen bonding between the molecules of
propranolol and water. The non-linear variation of
thermo acoustical parameters with concentration
reveals the complex formation between the compo-
nent molecules. In the present paper the ultrasonic
velocity (v), density, viscosity and acoustical parame-
ters viz. adiabatic compressibility, intermolecular free
length, relaxation time, acoustic impedance, attenua-
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tion, Rao’s constant, molar volume, cohesive energy,
Wada’s constant have been measured at different con-
centrations. The parameters indicate that there is a
strong molecular interaction between molecules as the
concentration of drugs solution increases and the
interaction decreases as temperature increases.
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