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ABSTRACT

This study presents an acoustical analysis of aqueous solutions of Esomeprazole Sodium at various
concentrations at 298 K using an ultrasonic interferometer operated at a constant frequency of
2MHz. The experimental work involved the measurement of density, ultrasonic velocity, and
viscosity of the prepared solutions. A number of thermo-acoustical parameters, namely,
intermolecular free length, adiabatic compressibility, acoustic impedance, relative association, and
relaxation time, were calculated employing these measured values. The changes observed in these
parameters with variation in concentration offer valuable information about molecular association,
the nature of solute-solvent interactions, and structural properties of the solution. The findings
indicate noticeable interaction between Esomeprazole Sodium and water molecules, suggesting that
the solute exhibits structure-forming behavior in aqueous medium.
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Introduction

Understanding molecular interactions in liquid solutions is essential for explaining the
physicochemical behavior of pharmaceutical compounds. Among the various experimental
techniques available, ultrasonic methods have proven to be highly useful for investigating
interactions between molecules in “solution. Measurements of ultrasonic velocity, along with density
and viscosity, offer vital information regarding arrangement of molecules and the nature of

interactions occurring between solute and solvent” particles1-2.

The ultrasonic interferometer is commonly employed to evaluate acoustical properties of liquid
systems. Using experimental data, several important parameters like “intermolecular free length,
acoustic impedance, relaxation time, adiabatic compressibility, free volume” can be calculated.
These parameters help in understanding how molecules associate or interact within the solution and

provide insights into the structural characteristics of the system3-4. Variations in “ultrasonic velocity
exhibit changes in concentration often indicate the presence of molecular association, hydrogen

bonding, or other” intermolecular forces operating in the solution.

Ultrasonic techniques have been successfully applied in the study of pharmaceutical and organic
compounds dissolved in aqueous media. Previous investigations have shown that acoustical
parameters derived from ultrasonic measurements are helpful in explaining the strength and type of
interactions present in drug solutions. Research carried out by R. S. Hajare and A. B. Dhote has
highlighted the usefulness of ultrasonic studies in examining solute—solvent interactions and

structural behavior in different liquid systems 6-8. Similar studies on pharmaceutical compounds
have further confirmed that ultrasonic measurements provide reliable information about molecular

association and interaction patterns in solutions9-10.
Esomeprazole sodium is a commonly prescribed proton pump inhibitor utilized for managing
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disorders associated with excess gastric acid. Studying its behavior in aqueous solutions can provide
valuable information about its molecular interactions and physicochemical characteristics.
Therefore, the present study focuses on the acoustical evaluation “of aqueous solutions of
esomeprazole sodium at different concentrations at 298 K using an ultrasonic interferometer. The
objective of this investigation is to analyze the acoustical parameters of the system and to understand
nature and strength of molecular” interactions in solution.

Materials and Methods

. Materials

Analytical grade Esomeprazole Sodium was used for the present investigation. The sample was

obtained in pure form and used without additional purification. Double-distilled water has been

utilized as the solvent for preparing all the solutions. Solutions of esomeprazole sodium “were

prepared at different molar” concentrations, like 0.1, 0.01, & 0.001M. All solutions have been

prepared freshly by dissolving an accurately weighed amount of the drug in double-distilled water.

. Density Measurement

The density of the solutions was ascertained employing a specific gravity bottle with a
predetermined volume. The bottle was dry, emptied, and weighed. After the prepared solution was
added, it was weighed once more. The density was calculated using the relation:

. Viscosity Measurement

An Ostwald viscometer has been employed for determining the solutions' viscosity. Before being
utilized, the viscometer has been properly cleaned and dried. A stopwatch had been utilized for
recording the solvent and drug solutions' flow time between two marked points.

. Ultrasonic Velocity Measurement

An ultrasonic interferometer operated at 2MHz (Mittal Enterprises) has been employed for

determining ultrasonic velocity in the solutions. The interferometer has been calibrated with distilled

water before measurements.

. Calculation of Acoustical Parameters

Utilizing “viscosity, ultrasonic velocity, and density values that have been evaluated experimentally,

several acoustical parameters, notably:

Adiabatic compressibility

Intermolecular free length

Acoustic impedance

Relaxation time

were measured” employing standard thermodynamic relations.

Observation

Measured values : Density[p], Viscosity[n], Ultrasonic velocity[U], Acoustic Relaxation time[t],
Adiabatic compressibility[p], Intermolecular Free length[Lf], Acoustic Impedance[z] At 0.1M,
0.01M, 0.001M Aqueous solution of Esomeprazole sodium at 298K Temperature .

Concentration Ultrasonic  Density  Viscosity x Adiabatic ~ Specific Intermole- Acoustic
Velocity (kg/ m3) 10-3 Compressibi Acoustic cular free  relaxation
(m/s) (kg m-1sec- lity B x Impedance length (Lf) time
2) 10-10 Zx105(Kgm- Tx10-10sec
2sec-1)
0.1M 1501.28 1176.4 1.3093 3.7718 17.661 0.0203 6.5841
0.01M 1421.48 1167.2 1.2097 4.2850 16.593 0.0215 6.8390
0.001M 1341.12  1165.2 1.1629 4.8287 15.626 0.0234 7.4386
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Results and Discussion

The acoustical behavior of aqueous esomeprazole sodium solutions was studied at different
concentrations using density, ultrasonic velocity, viscosity measurements at 298K. Variations in
these parameters facilitate comprehension of the interaction between solvent and solute molecules in
the solution. As additional solute is introduced to the solvent, ultrasonic velocity increases with
concentration, demonstrating a stronger molecular interaction. This behavior implies a closer
arrangement of molecules, which facilitates more effective ultrasonic wave travel across the
medium. These changes frequently indicate the presence of intermolecular forces like hydrogen
bonds or dipole interactions between the drug molecules and water. As the concentration rises, so
does the solution's density. This indicates that adding solute molecules results in more compact
structure within the solution. The closer arrangement of molecules contributes to stronger
interactions between the components of the system. A similar trend has been noted in viscosity,
which shows an increase with concentration. Higher viscosity highlights the movement of molecules
in solution becomes more restricted. This restriction arises due to stronger attractive forces between
molecules, which resist the flow of the liquid. Adiabatic compressibility demonstrates a decreasing
trend with increasing concentration. A decrease in compressibility implies that the solution becomes
less compressible due to stronger intermolecular attractions and tighter molecular packing. This
observation supports the idea that the addition of esomeprazole sodium enhances the structural
organization of the solution. Specific “acoustic impedance increases with concentration, suggesting
that the solution provides greater resistance to the transmission of ultrasonic waves. This” provides
more evidence that how strong molecular interactions in solution increases with concentration.
Alternatively, when the concentration decreases, intermolecular free length and acoustic relaxation
time typically rise. This behavior indicates that molecules are relatively farther apart at lower
concentrations, resulting in weaker interactions between them. These observations collectively
suggest that molecular association becomes more prominent at higher solute concentrations.

Overall, the changes observed in the acoustical parameters clearly specify the presence of significant
interactions between esomeprazole sodium as well as water molecules in studied system.

Conclusion

The present investigation examines the acoustical properties of aqueous esomeprazole sodium
solutions at different concentrations using an ultrasonic interferometer at 298 K. The observed
changes in viscosity, density, “ultrasonic velocity, and other derived parameters” offer significant
information on molecular interactions in the solution. Stronger interactions between the solute and
solvent molecules appear at larger concentrations, according to the general trend of increasing
viscosity, velocity, density, acoustic impedance with concentration coupled with decreasing
compressibility. This concept is additionally reinforced by the behavior of relaxation time and
intermolecular free length. These findings demonstrate that ultrasonic techniques are effective for
exploring molecular interactions in pharmaceutical solutions. Results indicate that esomeprazole
sodium interacts significantly with water molecules, resulting in formation of more structured
solution system as the concentration increases.
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