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ABSTRACT

Theoretical velocities of binary liquid mixtures Bthyl benzoate (EB) with o-cresol (OC), m-cre$dC) and p-

cresol (PC), at T = (303.15, 308.15, 313.15, 318HHave been evaluated by theoretical modethefiltrasonic

velocity determination are Nomoto (NOM), Impeda(ié4P), Van Dael and Vangeel (VDV), Junjie’s (JUNjda
Rao’s specific velocity (RAO) relations. Ultrasonielocities and densities of these mixtures hase dleen
measured experimentally as a function of compasitbEB and temperature. A good agreement is fdgtdieen

experimental and theoretical valuesz.eJﬂJ'UzimX has also been evaluated for non-ideality in thetames. Chi-square
test for the goodness of the fit is applied to stigate the relative applicability of these thesri® the present
systems. The results are discussed in terms ofrintecular interactions between the component nubdscin these
binary liquid mixtures.

Keywords: Theoretical velocities, Ultrasonic velocities, Hgden bonding, Chi-square test, molecular interactio
parameter.

INTRODUCTION

In the recent past, there is a rapid developmentltbasonic studies in various organic liquid mnesi [1-10] due to
the fact that the optical methods cannot detectaamsess all types of interactions, especially wetdtactions in
liquid mixtures. The important physicochemical pedpes like adiabatic compressibility, heat capaaibefficient
of expansion and critical temperature may be obthifitom ultrasonic velocity, density and viscosityta. The
molecular interactions in pure and binary liquidktares can be analyzed using ultrasonic velocitasueements
which are of considerable interest for the physicis the last few decades [11-21]. Using varidwesties [22-30]
of ultrasonic sound velocities in liquid mixtureavie been calculated and compared with experimeataés.

The present work is a continuation of our researdyramme on a comparison of experimental ultraseelocity
with the theoretical models of Nomoto, Impedandati@n, Van Dael ideal mixing relation, Rao’s sgiecvelocity
and Junijie’s relation for the binary mixtures o¥eml systems at various temperatures by our reisea. Of these
models Nomoto relation holds good for the binarytomie at all temperatures under study. The resafes
interpreted in terms of intermolecular interactite$ween the binary component liquid mixtures [8]-4

In this paper we report the experimental and thealeultrasonic velocities of the binary liquid xtires of Ethyl
benzoate with o-cresol, m-cresol and p-cresol 8t13) 308.15, 313.15, 318.15K over the entire casitjpm range,
evaluated by using various theories such as Norfl@M), impedance (IMP), Van Dael and Vangeel (VDV),
Junjie’s (JUN) and Rao’s specific velocity (RAO)atéons. Further a comparative study of theoretieallts with
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experimental values using Chi-square test andttlty ©f molecular interactions from the deviatiaf i the value
of U2exp/ U%imx (from unity) have also been reported.

EXPERIMENTAL SECTION

The commercially available pure solvents were usdbe present investigation EB (Merk > 99%) and, ™MC, PC

of AR grade procured from S.D fine chemicals (Ifdigere purified by the standard methods describgdd\b

Weissberger [41] and the purity of the chemicals wasessed by comparing their measured denspiesnd

ultrasonic velocities (U) which were in good agreemwith literature values. The mixtures were prega
gravimetrically using an electronic balance (ShimaéY120) with an uncertainty of + 1x IKg and were stored
in air-tight glass bottles. The uncertainty in thele fraction was estimated to be less than + Tx1tOvas ensured
that the components were adequately mixed befoiregdeansferred in to the apparatus. The requinexbgrties

were measured within one day of the mixture prejara

The densitiesp, of pure liquids and their mixtures are determinsihg a 16m>Double - arm pycnometer, and the
values from triplicate replication at each tempamatare reproducible within 2 x g m® and the uncertainty in
the measurement of density is found to be 2 parts0f parts. The reproducibility in mole fractions waithin
+0.0002 Temperature control for the measuremeniswosity and density is achieved by using a miasopssor
assisted circulating water bath, (supplied by MBew Delhi) regulated to *0.01 K, using a proporébn
temperature controller. Adequate precautions wedeert to minimize evaporation losses during the actu
measurements. The ultrasonic velocity of sound @J)measured using an ultrasonic interferometer t@\it
Enterprises, New Delhi model FO5) operating at 2MHze measured speeds of sound have a precisior ah.
sec¢! and an uncertainty less than + 0.1 m.”’seEhe temperature stability was maintained withird.81K.by
circulating water bath around the measuring cedugh a pump.

Theoretical considerations:

1. Nomoto theory:Nomoto’'s empirical formula is based on the assionpbf the linear dependence of the
molecular sound velocity on concentration and tthditavity of the molar volume in the liquid mixtur&he sound
velocity U is given by

Z;:XR 3

Where the molar sound velocity R sR¢+X,R,.

Hence, ultrasonic velocity (U) is given by

s | xR xR|3

XVi+ %\,
In the above equation, R (Mi/p) U*® =V, (U)*?
1.2 Impedance relationThe specific acoustic impedance of the pure liqusdased for evaluating the ultrasonic

velocity in the liquid mixtures by the followinglegion:
U= inzi/zxii ......... (2)

Where Zis acoustic impedance apds the density of the mixture.

1.3 Van Dael and Vangeel relatioMan Dael and Vangeebtained the formula for ultrasonic velocity in tieguid
mixtures adopting the adiabatic compressibilitieshe pure liquids based on ideal mixing of theiittg. Van Dael
and Vangeel assumed that the adiabatic compress{ily of the mixture is given by

Bad = P Bada + B (Bads

and suggested the following relation for sound e#oin homogeneous liquid mixtures.
im_ oy /B
By~ A o (Bad)at @ o (Bad)B

Wherep andy refer the volume function and principal specifitio.

368



C. Rambabu et al J. Chem. Pharm. Res., 2015, 7(6):367-375

It holds true if the mixture is an ideal one ansbalh = ys = Yim- It can be transformed into a linear combinatién o
the mole fractions if the additional assumptiarewsg is made

Bad™ = Xa (Bada * Xs (Bads

The sound velocities appropriate to the above @musare given by
XaVa T X5 Vg 1 =¢ Va +¢ i

XAMA+XBMB(Uim)2 AMAUZA ° MBU2I3

and

1 1 _ X, + X
XAMA+XBMB(Uim)2 MAUZA MBU2|3

1.4 Junjie’s relationThis relation derived by Junjie’s for the ultrasomelocity of the mixture in terms of the mole
fraction, molecular weight and density of the migtu

Zn:xVi
i=1

U=
n n
QXM Vil guyM?
i=1 i=1

where the symbols have their usual meanings.

1.5 Rao'’s relationUsing the ratio of the temperature coefficient efocity and expansion coefficient, Rao derived
a formula for ultrasonic velocity (U)

%)
u=\y ) (5)

where V is the molar volume and R is called Raosstant or molar sound velocity, which is consfanta liquid
at a temperature.

Chi-sguaretest for goodness of fit:
According to Karl Pearson, Chi-square value is @atd for the binary liquid mixtures under studyngsthe
formula
n
Xz =2 (( U(obs) - U(cal))zl U(cal)) ----------- (6)
i=1

where n is the number of data used,
and ‘U s = experimental values of ultrasonic velocities
Uy = computed values of ultrasonic velocities

Relative percentage of error (6):
The Average percentage error is calculated by usiagelation

c= 1/nZ((U (obs)~ U (cal)) /U (obs)) X100% (7)

Where n is the number of data used.
U (obs) = €xperimental values of ultrasonic velocities

Molecular associations:
The degree of intermolecular interaction or molacalssociation is given by

0=[VedUVind-1 (8)
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RESULTSAND DISCUSSION

The experimental ultrasonic velocities and the tegcal values evaluated by Nomoto’s Relation (NQM)
Impedance Relation (IMP), Van Deal and Vangeel lldéiaing Relation (VDV), Junjie’s relation (JUN), &'s
specific velocity method (RAQO) are compared forth# three binaries Ethyl benzoat@-eresol, Ethyl benzoate +
m-cresol and Ethyl benzoateptcresol along with the percentage of deviationspaesented in TABLES 1-3 at all
the four temperatures 303.15, 308.15, 313.15, 31&land atmospheric pressure. The validity of défe
theoretical formulae is checked by the chi-squase for all the mixtures at all the temperatured e values are
given in TABLE-4.
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Fig(a):Plots of U2ep/U%mx Vs X for thestudied system EB+OC,
at temper atures 303.15K , 308.15K, 313.15K and 318.15K
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Fig (b):Plots of U2ep/U%mx Vs Xy for the studied system EB+MC,
at temper atures 303.15K , 308.15K, 313.15K and 318.15K
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Fig(c):Plots of U2, ,/U%my vs X, for the studied system EB+PC,
at temper atures 303.15K , 308.15K, 313.15K and 318.15K
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The values of ultrasonic velocity computed by vasidheories along with experimental values (U) giken in
TABLES 1-3. There are variations between the eatliand experimental values. Data reveals thaveherities
computed from Impedance relation (IMP) and Raosc#ft velocity model exhibit more satisfactory agment
with the experimental values in the temperaturggeaB03.15K to 318.15K than other approaches inbihary
systems. The agreement between theoretical vedeaifiImpedance relation and Rao’s specific vejaatation in
all the three binary systems studied. It is obs#that the experimental values show deviation withtheoretical
values of ultrasonic velocities which confirms theistence of molecular interactions [42]. This nizy due to
interactions occurring between the hetero molecolethe binaries. From the observed values of tadl three
systems, there is a good agreement between themretnd experimental values through Impedance iRelat
followed by Rao’s specific velocity relation. Howay higher deviations are observed in Van Deal dadgeel,
Nomoto’s relation and slight variations in Junjig'slation. There are higher variations in some rmtliate
concentration range suggesting the existence ofgttendency of association between component miele@s a
result of hydrogen bonding. Nomoto’s theory propotbet the volume does not change upon mixing. &fbeg, no
interaction between the components of liquid migtuinas been taken into account. Similarly, theragtian for the
formation of ideal mixing relation is that, the icgt of specific heats of ideal mixtures and theunmés are also
equal. Again no molecular interactions are takéo actcount. But upon mixing, interactions betwdsmmolecules
occur because of the presence of various typeoroke$ such as dispersion forces, charge transyeirogen
bonding dipole-dipole and dipole-induced dipolesiatctions. Thus, the observed deviation of thezaktialues of
velocity from the experimental values shows that tholecular interactions are taking place betwéenunlike
molecules in the liquid mixtures. From the Tablessiobserved that maximum positive deviation & fhole
fraction of all the 3 systems at all the tempeeduiThe ratio ngpluzimx is an important tool to measure the non
ideality in the mixtures especially in such caséeme the properties other than sound velocity at&mown.

Figures a, b and represent the variation ofzg,j,,/uzimX with the mole fraction of EB for all three binasystems
studied, and the ratio ofzg,lp/UzimX gives an idea of extent of interaction takingcpldetween molecules of the
mixtures. It is positive for three systems and rigfgtrong interactions between the components.pEneentage of
deviation in velocity is reflecting both negativadapositive magnitudes, indicating non ideal bebawiof liquid
mixtures. The evaluated interaction parameterspative for all the systems, indicating strongeteiactions
between the mixing molecules, which increase froforesol to p-cresol. This suggests somewhat stronge
interaction of EB with p-cresol in comparison th@t components. The negative values indicate thairdmce of
dispersion forces arising from the breakage of bgdn bonds in the associates. But a positive v&l(e) in all the
system clearly indicates the existence of strondgeacy for the formation of association in mixttleough dipole-
dipole interactions higher values of percentageadien indicates maximum departure of the partictit@ory from
experiment at that particular concentration and mitage of the chi-square value finally determinbe bverall
validity of the theory. The chi square values alavith average percentage error are given in TABLE-

CONCLUSION
From the values of experimental and evaluated ugla@lues, it may be concluded that, the ImpedaRetation
followed by Rao’s specific velocity relation of it sound velocity have provided good results. Thes linearity

of molar sound velocity and additivity of molar uates, as suggested by Impedance Relation and Bpedsfic
velocity relation in deriving the empirical relati® have been truly observed in the aforementioriear liquid
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mixtures. The success of these relations in priedidhe experimental ultrasonic velocities for petalar liquid
mixtures has also been emphasized by others.
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