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ABSTRACT

The measurement of ultrasonic velocity in pure liquids and mixtures is an important tool to study the
physico- chemical properties and also explains the nature of molecular interactions. The study of
thermodynamic parameters to explain molecular interaction of drugs in aqueous or non- aqueous medium
provides useful information in medicinal and pharmaceutical chemistry. In present work molecular
interaction of aqueous solution of 2-[1-(aminomethyl) cyclohexyl] acetic acid at different concentrations at
303K was studied by measuring ultrasonic velocity, density and viscosity of the solution. The ultrasonic
parameters such as adiabatic compressibility, free volume, free length, acoustic impedance, absorption
coefficient, viscous relaxation time, available volume and Lenard Jones Potential were calculated. These
parameters explained formation of hydrogen bond and molecular interaction existing in the solution.
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INTRODUCTION

The rapid development of ultrasonic techniqfi®s producing powerful ultrasonic vibratiotgve opened up
wide fields of research and technical apgiies in physics, chemistry, biology, medicimad industry.
Ultrasonic is an area of intense scientifitd atechnological research. Science and teolgolof ultrasonic
is widely sought in the recent years fodustrial and medicinal application. The litera survey on
acoustical studies of solutions reveals thitasonic measurements are used to estithegedifferent elastic
properties of the molecule from which theeyof molecular interactions can be very weiderstood [ 1-4
]. The measurement of ultrasonic velocitypore liquids and mixtures is an importanbltdo study the
physico- chemical properties and also expldhes nature of molecular interactions [ 5:7 ]

In the present investigation we tried to dgtumolecular interaction of aqueous 2-[1-(ammedhyl)
cyclohexyl] acetic acid solution by measuringtrasonic velocity, density and viscosity fovarious
concentrations at 303K. From the data acouptirameters such as adiabatic compressibifige volume,
free length, acoustic impedance, absorption mefit, viscous relaxation time, available volunaad Lenard
Jones Potential were calculated. Effect ofcemtration on molecular interaction is studiedm acoustic and
thermodynamic parameters.
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EXPERIMENTAL SECTION

The chemicals used were of analytical gradeuble distilled water was used for preparatiof solutions.
2-[1-(aminomethyl) cyclohexyl] acetic acid wassablved in water of various ratio’'s to prepadifferent
concentration 0.2%, 0.4%, 0.6%, 0.8% and 1.0Phe binary mixture are prepared by usiwmgiume
percentage(%) by using jobs variation methag@1p ]. The ultrasonic velocities of aquecsmutions were
measured using ultrasonic interferometer (mde@b) supplied by Mittal Enterprises, New Debperating at
the frequency of 2MHZ with the accuracy £9.01 ms-1. The densitigd( of solutions were determined
using specific gravity bottles of capacity n0 The viscositiesf) of the solutions are measured using
Oswald’s viscometer. The temperature was ramiad at 303 + 0.1K during the measurementultfasonic
velocity, density, and viscosity values. Taeoustical parameters are calculated frompUandn [ 11-14 ]
using following relation.

1. Ultrasonic Vel ocity (U)
The relation used to determine the ultrasoretocity is given by,

U=frms?

Where,
f - Frequency of ultrasonic waves
A - Wave length

2. Adiabatic compressibility (k)
Adiabatic compressibility which is defined as

k= (UU?p) kg'ms

Where
U — Ultrasonic velocity
p — Density of the solution.

3. Free Volume (Vy)

Free volume in terms of the ultrasonic vitofU) and the viscosity of the liquid)( as V= (MU/kny) ¥2

m3

Where Mg is the effective molecular weight M~ mi xi, in which mi and xi are the moleculareight
and the mole fraction of the individual ctitents respectively and 'k’ is a temperatuiredependent
constan t equal to 4.280° for all liquids.

4. Acoustic impedance (Z)
The acoustic impedance is computed by thendta

Z = Upkgm?s?

Where

U —Ultrasonic velocity

p —Density of the solution

5. FreeLength (Ly)

Jacobson [ 15 ] introduced the concept @& free length in liquids. He suggested tilfving relation to
calculate the intermolecular free length.

Li = (KIUpY®D m

Where
U - Ultrasonic velocity of liquid
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p - Density of liquid
K - Jacobson temperature dependent constant dedimed

K = (93.875+ 0.345T) X 10®

6. Absorption Coefficient (a/f?)
The absorption coefficient/f?), also sometimes called attenuation coefficidris tlefined as

o/f? = 8a’y/3pU3

7. Available Volume (V,)
The available volume (¥ is a direct measure of compactness aral dtnength of bonding between the
molecules of a liquid or liquid mixture. #an be calculated from following relation

Va= Vp(1- UUy) m®
Where V, is the molar volume and . £L1600mg

8. Lenard Jones Potential (LJP)
The Lenard Jones potential exponent is gibgn[ 16 ]

LIP = 6V /Va

Where
V. - the molar volume M the available volume

9. Viscous Relaxation time (T)

Relaxation time @) and absorption coefficient are directly retated. The absorption of a sound wave is
the result of the time lag between the ipgsof the ultrasonic wave and the return tbé molecules to
their equilibrium position. It is calculatedsing the relation [ 17 ],

T=4n/3pU?

Where

n - viscosity of the solution

p - density of solution

U - ultrasonic velocity of the solution

RESULTSAND DISCUSSION

The measured ultrasonic velocities (U), deesify), viscositiesi) and other acoustical parameters such as
adiabatic compressibilityj, free volume (Y}, free length (), acoustic impedance (Z), absorption coefficien

(a/f?), viscous relaxation tima), available volume (Y, Lenard jones potential (LJP) values at 308Kgiven
in the tables 1 & 2.

Table 1. Ultrasonic velocity (U), Density (p), Viscosity (n), Adiabatic Compressibility (k), Free Volume (Va), and Acoustic I mpedance
(Z) of 2-[1-(aminomethyl) cyclohexyl] acetic acid + Water system at various Concentrations

[ Temp: 303K ]
Conc. % | U/m$ | p/ kgm™ n/lO‘; K10 1 Vi/10* Z/10° kgm's®
) Nsm?® | kg'ms? | m?

0.2 1520 1093.20,  8.336 3.95 6.805 1.66
0.4 151¢ 1091.2( | 8.341 3.97 6.8¢6 1.65
0.6 1510 1095.600 8.674 4.00 6.537 1.65
0.8 1500 1094.40, 8.817 4.06 6.408 1.64
1.0 1497 1094.80 8.892 4.07 6.404 1.63
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Table 2. FreeLength (L¢), Absorption Coefficient (a/f?), Available Volume (V,), Lenard Jones Potential (LJP), and Viscous
Relaxation time (t) of 2-[1-(aminomethyl) cyclohexyl] acetic acid + Water system at various Concentrations

[ Temp: 303K ]
Conc. % Lf/nlq(J” o/f?10™ Npm's? Vﬁg'[l LIP | 1/10°
0.2 3.947 5.70 8.30 115.60 4.4p
04 3.95¢ 5.7¢ 8.61 117.07 | 4.4z
0.6 3.969 6.04 9.50 106.78 4.6
0.8 3.998 6.27 10.62 96.04 4,77
1.0 4.005 6.36 11.11 93.21 4.883
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Fig. 2. Plot of adiabatic compressibility versus concentration.
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Fig. 3. Plot of free length versus concentration
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Fig. 4. Plot of acousticimpedance versus concentration
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Fig. 5. Plot of viscousrelaxation time versus concentration
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Fig. 6. Plot of available volume versus concentration
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Fig. 7. Plot of free volume versus concentration

From the tables 1 & 2 it is noted thak tbensity and viscosity increases with inazeasncentration of
the solution. Ultrasonic velocity in a liquidystem depends on the structure and molecptaperties.
Ultrasonic velocity decreases with increaseceatration of the system. The decrease ilocitg is due to
the increase in free length and adiabatiengressibility of the liquid mixture. This malead to the
presence of specific molecular interaction Ileetw the molecules of the liquid mixture. Tddiabatic
compressibility and free length are the degdfactors of the ultrasonic velocity in dig system.

Intermolecular free length increases with éase concentration of the present system. iFigates that the
distance between surfaces of molecules inesgathereby reducing the ordering of moleculéscording to

the observation of Tabhane and Patki [ l&r increase in the adiabatic compressibsihows a tendency
towards less ordering resulting in a decreade ultrasonic velocity with volume percentagef one

component. Thus the variation of intermolecullzee length and adiabatic compressibilityggests that
molecular arrangement becomes less ordered.

Fig. 2 & 4 shows the specific acoustic impedarand adiabatic compressibility exhibit opfosirend. From
fig. 7 the decrease in free volume showst ttiee strength of interaction decreases gyluwith the
increase in solute concentration. It represethat there is weak interaction between sb&ute and solvent
molecules.

The relaxation timert] increase with increasing concentration loé system. The dispersion of the ultrasonic
velocity in the system should contain infotima about the characteristic time of the relaxation process
that causes dispersion. The relaxation timéckvhs in the order of 18 sec is due to structural relaxation
process [ 19 ] and in such a situatidnisi suggested that the molecules get rege@ due to co-
operative process| 20 ]. Acoustic impedaneereases with increase the concentrationhef system.

CONCLUSION
The computed acoustical parameters and thedines point to the presence of specific ok interaction

in the mixture. Hence it is concluded thae association in the mixture is the resoit intermolecular
Hydrogen bonding in Binary liquid mixture.
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