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ABSTRACT

The ultrasonic study of Gallic acid and Ethanol taes has been employed in understanding the naifitbe

molecular interactions in pure components and thmeixtures. The measurement of speed of sound gaheable

information about the physical properties and sgttnof molecular interactions in the mixtures. Hresent study
reports measurements of densities, viscosity arddspf sound for gallic acid and ethanol at varidesiperature
range 298K, 303K, 308K, 313K . Most of the workbamary mixtures is channelized towards the estioratf

thermodynamic parameters like adiabatic compre8silijs), free length (), isothermal compressibilitys{), Gibbs

free energy4Q), internal pressurex), free volume (Y. This parameter has been used to understand-eliffdinds

of association in pure components as well as inlimary mixture. Results are used to explain the&ure of

molecular interactions between mixing compounds.
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INTRODUCTION

Development in the ultrasound technology and iteemtial benefits has triggered interest on the iapfon of
ultrasound on a wider range of chemistry and prsings[1]. The use of ultrasonic waves to understand the
intermolecular interactions in tannins and theixtonies with ethanol may be of immense help.

Tannins [2] are polypheno[8], although originally the name tannin was giventhe plant extracts exhibiting
astringency, without knowing their chemical struets The characteristics distinguishing tanninanfrplant
polyphenols of other types are basically the prigerof the former: binding to proteins, basic cownpds,
pigments, large-molecular compounds and metallits,icand also anti-oxidant activitiestc. These features of
tannins lead to qualitative and quantitative anedytdifferences between tannins and other polyptserOn the
other hand, in the past there was a vague conkaptannins are intractable mixtures of phenolicsather large
molecules, which is inconsistent with the findirgemplified above. Polyphenols classified in to types: type A,
with constant structures, and type B of variableposition. The molecule of tannic acid may contatlic acid up
to pentagalloyl glucose. Gallic acid (3, 4,5-tringelybenzoic acid), found in a variety of plantseigensively used
in tanning, ink dyes, as well as in the manufaogef paper [4]. In addition, the gallate moietyaikey component
of many foods and drinks, e.g. there are two gallabieties in the important polyphenol, épigallocatechin-3-
gallate (EGCGQG); this and related polyphenols aspaasible for the antioxidant, anticarcinogenicg amtiviral
properties of some of the most widely consumed tages in the world, such as green tea. The thremaiic
phenoxyl groups of gallic acid are prone to oxidatwith the formation of hydrogen peroxide, quingnand
semiquinones.
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Here our attempts are to investigate nature o&sitnic study of Gallic acid and Ethanol mixturesutwlerstand
nature of molecular interactions in pure componemd their mixtures. Measurement of speed of sagineds
valuable information about the physical properéesl strength of molecular interactions in the mig&j5-8].
Various physicochemical study of product formatiom many industrial processes needs knowledge of
thermodynamic and physical properties of systf@hsUIltrasonic velocity of liquids provides an ight into the
investigation of the intermolecular arrangementigpiids and help to understand the thermodynamét aroustic
properties of the liquid mixtures [10].

In the present study measurements of densitiespsity and speed of sound for gallic acid and ethah various
temperature[11] range 298k, 303k, 308k, 313k igiedrout. Based on these values and employing wario
formulae, thermo-acoustical paramefdfd] are estimated. These parameters have beertasederstand different
kinds of association in pure components, as welirahe binary mixture. Results are used to explae nature of
molecular interactions between mixing compounds]4B

MATERIALS AND METHODS

The liquid mixture of various concentrations in edtaction was prepared by taking AR grade chemicihe
study was carried out for the temperatures 298RK3@08K and 313K at fixed frequency 2MHz. The temgture

of the liquid mixture was kept constant within acaracy of +0.9C by using thermostat U-10. The experimental
temperature was maintained constant by circulatiager with the help of thermostatic water bath. cdity
measurements were taken using Ostwaldscometer with an accuracy of +0.1K{/nThe flow of time was
measured by a digital stop watch capable of regjigteime accurate to £0.1sec. An average of tisete of flow of
time for each solution was taken for the purposecaltulation of viscosity. The density of the swuatwas
determined accurately using 10ml specific gravitttle and electronic balance and accuracy in thesite
measurement is +1xfgm/cnt. An average of triple measurements was takenaatount.

Ultrasonic velocity is noted by an ultrasonic multequency interferometer (Mittal enterprises , N&glhi)

operating at a frequency range 1MHz to 10MHz withaacuracy of +0.01 m/s. The source of ultrasorages was
a quartz crystal excited by a radio frequency toit. The cell was filled with desired solutiondawater at
constant temperature was circulated in the outdefa

The velocity of ultrasonic wave in the binary misguhave been measured using multi-frequency ulieso
Interferometer. The densities of the mixture weeagured using a 10ml specific gravity bottle. Tecfic gravity
bottle with the experimental mixture was immersadai temperature controlled water bath. The densdég
measured using the formula

p2 = (Wo/Wy). py

Where, w = weight of distilled water, w= Weight of experimental liquich; = Density of waterp, = Density of
experimental liquid

Viscosities of the binary mixtures were measureddguein Oswald’s viscometer calibrated with doubigtided
water. The Oswald’s viscometer with the experimieniture was immersed in a temperature controlieder

bath. The time of flow was measured using a digéaér stop watch with an accuracy of 0.1 sec.vis@osity was
determined using the relation,

N2 =11 (/) (p2/pa)

Where,n; = Viscosity of watern, = Viscosity of mixturep, = Density of waterp, = Density of mixture,;t= Time
of flow of water, § = Time of flow of mixture.

Theoretical Aspect
The following parameters are estimated for furtadies.
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(i) Adiabatic Compressibility/)

The adiabatic compressibility is the fractional @@se of volume per unit increase of pressure, wioeheat flows
in or out. It is calculated from the speed of so@d)l and the densitypj of the medium by using the equation of
Newton Laplace as,

B=1/Fp

(i) Intermolecular free length ¢

The intermolecular free length is the distancevieen the surfaces of the neighboring moleculés.dglculated by
using the relation

Li=Kp/2

Where K is the temperature dependent constant gnid the adiabatic compressibility.

(i) Free Volume (Y
Free volume in terms of ultrasonic velocity (U) ahd viscosity) of liquid is

V; = (Meff.U / Km) 1/2

Where ‘Meff' is the effective mass of the mixtufk; is a dimensionless constant independent of terapre and
liquid. Its value is 4.281 x £0

(iv) Internal Pressurer
The measurement of internal pressure is importarthé study of the thermodynamic properties ofitigu The

internal pressure is the cohesive force, which issaltant force of attraction and force of remrisbetween the
molecules. It is calculated by using the relation,

75 = bRT (Kn/U) 1/2 (0%3/Meff 7/6)

Where, ‘b’ stands for cubic packing, which is assdnto be ‘2’ for all liquids, ‘K’ is a dimensionlesconstant
independent of temperature and nature of liquidsvalue is 4.281 x £0' T’ is the absolute temperature in Kelvin,
‘Meff’ is the effective molecular weight, ‘R’ is éhUniversal gas constanty is the viscosity of solution in N.S.m-
2, ‘U’ is the ultrasonic velocity in m.s-1 ang is the density in Kg.m-3 of solution.

(v) Relaxation timer}

Relaxation time is the time taken for the excitatienergy to appear as translational energy an@peids on
temperature and impurities. The relaxation timelawcalculated from the relation,

T=4/3. 6n)

Where B’ is the adiabatic compressibility angf is the viscosity of the mixture.

(vi) Acoustic impedance (2)
The specific acoustic impedance is given by,

Z=Up
Where ‘U’ is the velocity andy’ is the density of the mixture.

(vii)Gibb’s free energy
The Gibb’s free energy is calculated by using tHation

AG = KT.Ln (KTt/h)
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Where, t is the viscous relaxation timé&; is the absolute temperatureg ' is the Boltzmann’s constant and is

the Planck’s constant.

RESULTS AND DISCUSSION
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Fig 4 adiabatic compressdiiy with concentration
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Figl shows that velocity almost linearly increases given temperature with increase in concentratinordase in
ultrasonic velocity with increase in concentratisrindicative of solute solvent interaction. At iwen temperature
velocity rises with concentration but as we incee#ise temperature velocity decreases. Increasdtriasonic
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velocity at higher concentrations may be due teramtion between gallic acid and ethanol but agaéo higher
side of temperature scale sound velocity decretisssmay happen due to weakening of intermolectdaces
between the molecules.

As density increases number of particles in givegiian is increased, this leads to quick transfescafnd velocity
and hence ultrasonic velocity increases with ireeean concentration. The density increases withieg®e in
concentration as shown filg 2.

It is observed that viscosity increases with risedncentration. This indicates that there exissreng interaction
between solute and solvent which is also suppobgdultrasonic velocity. The variation of Viscosityith
concentration is as shownfig.

The adiabatic compressibility decreases with iregea concentration as shownfigd. Adiabatic compressibility is
the property of a substance capable to being redicesolume by application of pressure; quantitelyy the

reciprocal of the bulk modulus. Decrease in adiabadbmpressibility might be due to aggregation ofvent

molecules around solute molecules. This indicates dxistence of solute-solvent interactions. Thange in

adiabatic compressibility in liquid mixtures indiea that there is a definite contraction on mixamgl the variation
is may be due to complex formation.

Variation of free length for different value of tperature and concentratids described irFig.5. Since the free
length Lfis proportional to the adiabatic compressibiﬂg}j/the same trend of variation is observed.

The molecules of liquid are not closely packed asduch there is always some free space between Tes free
space is known as free volume. It is observed filegt volume decreases with rise in concentratieanshawn in

fig.6 which shows that solute solvent molecules are cgnoiose to each other and the space between them is
decreasing with rise in concentration. This supptwtthe strong solute —solvent interaction iniliggplution.

Internal pressure is the fundamental propertyafitl which provides an excellent basis for exangrtime solution
phenomena and studying the various propertiesefitfuid state. It is a measure of change in irgtkamergy of
liquid solution as it undergoes a very small isatied change. It is a measure of cohesive or binfinges between
the solute and solvent interaction. It is foundt timernal pressure is increasing with increasingoentration as
shown infig.7. This shows that binding forces between the soluig solvent in liquid solution are becoming
stronger which shows that there exists a strongoutér interaction.

It is observed that ifig. 8, the relaxation time increases with increase irceatration and decrease in temperature
of solution. The variation of relaxation time is@mnulative effect of the density, viscosity andagbnic velocity.

Acoustic specific impedance increase with increase&oncentration indicates that there is stronggraattion
between solute solvent molecules as showfigi®. The increasing value of acoustical impedancatsmitiates the
possibility of molecular interactions between tlgsnilar molecules.

Fromfig.1 the increasing positive values of Gibb’s functiaggest that the closer approach of unlike molecisles
due to hydrogen bonding.

CONCLUSION

l.Increase in ultrasonic velocity with increase inlanoconcentration in this binary liquid system igedto
molecular aggrigation between the constituents oubds.

2.Nonlinear variation of thermo acoustics parameteith molar concentration shows the strong interroolar
interactions between the constituent molecul®@screase in adiabatic compressibility and increasedoustic
impedance with increase in molar concentratioruis th association in the constituent molecules.

3.The non linear behavior confirms the presence biftsesolvent interaction.

4.The nonlinear variation of thermo acoustic paransetéth molar concentration provides useful infotia about
nature of intermolecular forces existing in binkgyid mixtures.
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