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ABSTRACT

The nonideal behaviors of liquid mixtures are characterized by excess
thermodynamic properties such as excess volumes, enthalpy of mixing,
compressibilities etc. The excess dielectric constant ¢F is also one such
parameter that indicates the strength and nature of intermolecular interac-
tionsin binary liquid mixtures. The positive deviationsfromideal behaviour
(eF being positive) are qualitatively attributed to a “build in” of compo-
nents of the mixture in the structure of respective solvent. The negative
deviations fromideal behaviour (£E being negative) is explained qualita-
tively either due to interstitial solvation or due to breaking of aggregates.
In the present study, the excess dielectric constants for the binary liquid
mixtures (1) benzene + nitrobenzene (2) chlorobenzene + nitrobenzene
and (3) cyclohexanone + nitrobenzene aremeasured at 303K and at differ-
ent concentrations. The dielectric constants for these binary liquid mix-
tures are measured using a microcontroller based system. The necessary
software is developed in C language.

© 2008 Trade Science Inc. - INDIA

KEYWORDS

Di€electric constants;
Excess dielectric constants;
Microcontroller based
system.

INTRODUCTION

Didlectricsudieshavealonganddigtinguished his-
tory, thedidectric dataisused to determinetheel ectric
dipole moments, whichisnot only significant asare-
flection of electronic structure of themolecule, butis
aso of primeimportancein understanding of molecular
interactionsandit & least partly controlsthetrangtions
between the solid, liquid and gaseous states.

Theexcessdid ectric constant Fisdefined as

g = € pserved ~ Eidenl

€= €, (elxl + 82X2) @
Wheree_, isdielectric constant of thebinary liquid mix-
ture. e, and ¢, are the diel ectric constants of solvent
and soluterespectively. X, and X, aremolefractions of
solvent and solute respectively. Thepositivedeviations
fromided behaviour (¢Ebeng positive) arequditatively
attributedtoa“ buildin““ of components of themixture
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TABLE 1: Dielectric constantsof thebinary liquid mixtures
at 303K

Mole Dielectric constant (g)
fraction benzene+ chlorobenzene cyclohexanone
(X1)  nitrobenzene +nitrobenzene +nitrobenzene
0.0 34.89 05.96 17.96
0.2 26.13 10.56 21.04
0.4 16.92 15.76 24.08
0.6 12.32 22.18 27.63
0.8 07.26 28.51 31.27
1.0 02.26 34.89 34.89

TABLE 2: Excessdielectric constants of the binary liquid
mixturesat 303K

Mole Excess didectric constant ()
fraction nitrobenzene + nitrobenzene+ benzene +

(X1)  chlorobenzene cyclohexanone nitrobenzene
0.0 0.000 0.000 0.000
0.2 -1.186 -0.306 -2.236
0.4 -1.772 -0.652 -4.919
0.6 -1.138 -0.488 -2.994
0.8 -0.594 -0.228 -1.524
1.0 0.000 0.000 0.000
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Figurel: Dielectric constant for threebinary liquid mix-
turesver susconcentration at 303K
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Figure2: Excessdielectric constant for threebinary lig-
uid mixturesver susconcentration at 303K

inthestructure of respective solvent. The negative de-
viationsfromideal behaviour (<F being negative) isex-
plained quditatively either duetointerdtitid solvationor
dueto breaking of aggregates. Theexcessdielectric

constant £F isone of the parametersthat indicate the
strength and nature of intermolecul ar interactionsin bi-
nary liquid mixturesand the nature of solute-solventin-
teractions.

EXPERIMENTAL

In the present paper analytical reagent grade
sampleswereused after necessary purificationand dis-
tillation mostly asper procedure cited by Wei sshergert?.
The chemicasused were benzene, chlorobenzene, cy-
clohexanoneand nitrobenzene. Benzenewasalowed
to stand on anhydrous cal cium chloridefor two days
andthenfiltered. Thentheliquid wasrefluxed with phos-
phorus pentoxidefor six hoursand distilled. Spectro-
scopicaly puresodiumwasdrawninwiresinthedistil-
lateand redistilled. Theliquid was collected at itsboil-
ing point 80C. Thedenstiesand thedie ectric constants
of thepureliquidsat 303K agreed within +0.002 and
+0.2 with the corresponding literature values. “A
microcontroller based diel ectric constant system™ (for
themeasurement of didectriccongtant inliquids) isused
inthe present paper.

RESULTSAND DISCUSSION

The systemisused to measurethediel ectric con-
gant of binary liquid mixtures(1) benzenet+nitrobenzene
(2) chlorobenzenet+nitrobenzene (3) cyclohexanone+
nitrobenzene at 303K and at different concentrations
(moléefl). Themessurementsaremadefollowingthepro-
cedure mentioned above. Theresults of measurements
for thesesystemsare presentedin TABLE 1. And aso
theresultsare presented graphicaly asshowninfigure
1. Itisobserved that at agiventemperaturethedielec-
tric constant variesasafunction of concentration for dl
thethreebinary liquid mixtures.

Theexcessdielectric constantsfor the abovebi-
nary liquid mixtureswere eva uated using theequation
(1). Theresultsof the eF measurements are presented
inTABLE 2. Thevariation of €F asafunction of con-
centrationisgraphically represented infigure2. Obser-
vaionof variaionof efwith X inal threebinary mix-
turesindicatesthat they are negative and largein mag-
nitude. Thenegativeand large va uesof €€ may be at-
tributed to the dense sol ution structure. The excess
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