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ABSTRACT

Paracetamol is an antipyretic drug, when it is takereduces the body temperature. So it was
thought better to study intermolecular interactiand thus behavior of paracetamol under
varied conditions such as temperature, concentragtc. For this certain important physical
parameters such as adiabatic compressibility, dpeaicoustic impedance, relative association,
intermolecular free length, relaxation time, freelume, Rao’s constant, Wada’s constant etc.
are evaluated using ultrasonic velocity, density &rscosity of paracetamol solution at different
concentrations and at 303K.
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INTRODUCTION

As gas is characterized by three variables sucteraperature, pressure and volume liquid is
characterized by parameters free volume, interreslsure and temperature. The associate nature
of water with solute is learnt by its hydration Noen[1]. While its structure making or breaking
property is got from its free volume and internaégsure. To determine these parameters the
ultrasonic velocity is a simple probe used by ptigsialong with basic quantities like density
and viscosity2].

The physico-chemical behavior and molecular intgacin pure liquid components and their
mixtures is studied on the basis of acoustic amntbdynamic properties[3].The ultrasonic
study is also useful to understand behavior of moiecules [4]. Literature survey shows that
ultrasonic study of liquid mixture is highly usefil understanding the nature of molecular
interaction[5-7] and physicochemical behavior of liquid mix&{8-10].
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In continuation of our workl1-12] in the present investigation the ultrasovedocity, density
and viscosity of 0.001 M, 0.01M and 0.1M paracetasmution at temperature 303K is
measured and acoustic and thermodynamic parambters been calculated. From these
parameters the effect of concentration on moledntaraction is interpreted.

EXPERIMENTAL SECTION

The chemicals used were of analytical grade. Dodisiglled water was used for preparation of
solutions. A special thermostatic water bath areamgnt was made for density, ultrasonic
velocity and viscosity measurements, in which cardus stirring of water was carried out with
the help of electric stirrer and temperature variatwas maintained within + 0.8@ Single
crystal interferometer (Mittal Enterprises, Mode8E) with accuracy of + 0.03% and frequency
2 MHz was used in the present work for measuremoéntltrasonic velocities of solutions.
Densities of solutions were measured using spegifigity bottle of 10 ml volume. These values
were accurate up to + 0.1 kg/nAll the weighing was made on Roy CCB-4 digitatattonic
balance having an accuracy of + 0.001g. Viscosdfase solution were measured by Ostwald’s
viscometer.

RESULTS AND DISCUSSION
From the observed values the adiabatic compresgjtspecific acoustic impedance, relative
association, intermolecular free length, relaxatione, free volume, Rao’s constant, Wada'’s
constant were calculated.
Adiabatic compressibility was calculated by using equation
B=1Vd 1)
Where, v = velocity & d = density
Apparent molar compressibilitypK) can be calculated from the equation,
@K =[1000 Bdo—Bods) / mdsdg] + BsM/dg) ... 2
Where, d = density of pure solvent,s& density of solution, m = molality of solution M
molecular weight of solutdl, = adiabatic compressibility of pure solvent, afd = adiabatic
compressibility of solution.
Specific acoustic impedance is determined from t&ojs,
Z=vsds L (3)
Relative association is a function of ultrasonitoegy and is calculated by the equation,
ds o 1/3
RA = [_] ...... (4)
do Vs

Where, y and v are altrasonic velocities in solvent and solutiespectively.
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Intermolecular free length (L is one of the important acoustic properties tadgtthe
intermolecular interactions. It has been evaluatesn adiabatic compressibilityf by
Jacobson’s formula,

L= KyBs (5)

Relaxation time is calculated by following equation

=430 (6)

Free volume is calculated by following equation

M iy 32
Vf =

Kkm L. (7)

Where, My is effective molecular weight, K is a temperaturdependent constant which is
equal to 4.28 x 1for all liquids.

Rao’s constant and Wada'’s constant is also a measumteraction existing in the solution.
Rao’s constant is calculated by using following atepn.

R=[Megdgv*®* L (8)
Wada’s constant is calculated by following equation

W=[MegdJ Y 9)
The experimentally determine values are listeciet -1.
Increase in ultrasonic velocity with increase im@entration indicates that there is solute solvent
interaction. Also increase in values of viscositghmincrease in concentration confirmes that
increase of cohesive forces because of strongaictien.
The adiabatic compressibility decreases with irsgem concentration is shown in table- 2
indicates that there is strong solute solvent adgon. The solution is becoming more and more
compressible. The similar behavior was observedMoyAravinthaj etal[13] in study of
acoustical and molecular interaction studies ofd@nith aliphatic amines in benzene at various

temperatures.

Acoustic specific impedance increase with increasmncentration indicates that there is strong
interaction between solute solvent.

Intermolecular free length decreases with incregasioncentration shows that there is enhanced
molecular association which is confirmed by valuafs viscosity which increases with
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concentration. Similar observation was made by.RAdsawal etal [14] in study of comparative
study between acoustical nature and molecularaotien of copolymer and tetrapolymer.

Relative association is the measure of extentsd@ation of the component in the mixture. The
value of relative association decreases with irsgea concentration indicating strong interionic
interaction.

Table 1 :Ultrasonic Velocities, densities and vissities of paracetamol Solution at 303K

Concentration of paracetamol (M) Velocity Den3|2/ V'SCOS'tyst
(m/s) | (kg/ m°) | (kg m1sec?)

0.001 1501.21 932.5 0.8279

0.01 1526.13 937.5 0.8495

0.1 1598.96 940.2 0.9122

Table 2: Acoustical parameter of paracetamol solutin at 303K

_ . , Specific acoustic .
oo | compresaiiity | ™Pedance | Inermolecuar | Relatve | SoR
of Par(il/(l:)etamol . 1310( a'1;/ 7x 104 freelength L¢ (A0) | association Ry e x 101%s60)

X X
P (kg m-2secl)

0.001 4.7584 13.9987 0.1374 0.9837 5.2529
0.01 4.5797 14.3074 0.01350 0.9830 5.1876
0.1 4.1601 15.0334 0.01284 0.9122 5.0599

Table 3 : Thermodynamic parameters of paracetamolaution at 303K
Concentration of paracetamol Free volume Rao’s constant Wada’s Constant
M) Vi x 108 (m3mole) | R (m3mole)(mis}3 | w (m3/mole)(N/n?)2/7
0.001 1.1953 2.213 4.144
0.01 1.2757 2.200 4.149
0.1 1.5491 2.268 4.245

Relaxation time decreases with increase in conatoitr. The relaxation time which is order of
10*2 sec is due to structural relaxation [15-16] precés such a case it is suggested that
molecule get rearranged due to co-operative priicéss

Free volume increases with increase in concentradis shown in table-3, indicates that there is
strong interaction between solute and solvent.

Rao’s constant, also known as molar sound veloaityreases with increasing concentration
shows that there is strong interaction betweentasalnd solvent molecules.

Wada’s constant also known as molar adiabatic cesgtrility may be considered for existing

interaction. The values of Wada’s constant incresidle increasing concentration indicate that
there must be tight packing of the medium and h&meeaction is increasing. Thus there may be
solute-solvent interaction occurring.

CONCLUSION

The acoustical and thermodynamic parameters cééclfeEom measured properties suggest the
strong molecular interaction in the solution. Wwaic investigations in aqueous solution of
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paracetamol at different concentrations give usefidrmation in understanding interaction of
solute with solvent.
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