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ABSTRACT

Satic dielectric constants of aqueous solution of methanol were measured at various temperatures. The static
didlectric measurements have been achieved by using a sensor which is based on frequency domain reflectomery
technique. The excess dielectric properties, Kirkwood correlation factor and Bruggman factor of the binary
mixtures have also been calculated and reported. The behavior of excess dielectric permittivity shows positive -
negative variations at the studied temperatures suggest the presence of intermolecular interactions in the mixture.
The Kirkwood angular correlation factor confirms the paralld and antiparalld orientation of the dipoles in the
mixture.

Keywords: Static dielectric constant; Excess dielectric jprtips; Kirkwood correlation factor; Bruggman factor;
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INTRODUCTION

It is well known that the thermophysical propertietliquid systems such as dielectric constargcasity, density
and refractive index among others, are strictlptes] to the molecular interactions present in ciffie binary liquid
mixtures. The variation in these properties witimposition gives important data about intermolecudggractions
and the structure. There is wide range of posdifitieractions between the components of a mixtuueh sas
hydrogen bonding, molecular associations, chaayesfer, dipole-dipole and dipole induced dipoleiattions [1].

The dielectric constant indicates the solventsitghid reduce the field strength of the electrieldi surrounding the
charged particle impressed in it. This reductiothén compared with to the field strength of tharged particle in
vacuum [2]. Macroscopic parameters such as diétectnstant have extensively used for explanatibsobsents
effects. The dielectric constant is one of the amdntal properties that must be known to utilizeotres of
electrolyte solutions [3]. The dielectric constanan important physicochemical parameter, asiielated to many
important physical and biological applications $4., The dielectric constant of a solvent is a retatmeasure of its
polarity and its measurements are often used fatuation of characteristics of the liquid solutiof&. This
property can also be very useful as a support fiicient design, stimulation of separation procasssample
preparation and chromatography techniques in dnalythemistry [7, 8]. Additionally, dielectric cetant can be
used to calculate the ionic activity coefficienfetectrolyte solutions at any temperature and cusitipn [9].

The aim of the present work is to determine therdgen bonding between water and alcohol molectlles.excess
dielectric propertiesef), Kirkwood correlation factor (§) and Bruggman factor {f of the binary mixtures have
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been also reported for 283,293 303 and313 k temyer&o correlate these values with carbon chaigtle and
intermolecular interactions.

EXPERIMENTAL SECTION

2.1 Materials

The chemicals used in the present investigatioroaspectroscopic grade with 99.9% purity and wesed without
further purification. The solutions were prepareg mixing methanol with water at eleven differentlure
percentage of water as 0 to 100% in steps of 10%.témperature controller system with water bathbeen used

to maintain the constant temperature within theusay limit of £ 1°C. The sample cell is surrounded by a heat
insulating container through which the water of stant temperature using a temperature controlletesy is
circulated

2.2 Measurement of dielectric constant

The static dielectric constants of the aqueoustisoliwere measured using a sensor. It is baseti@principle of
frequency domain reflectometry (FDR) technique. Wip®wer is applied to the sensor, it creates a N6z
frequency signal. This signal is then applied paa of stainless steel rods, which transmits acstebmagnetic field
in to the mixture. The field passes easily throtlgh mixture resulting in stable voltage output thetls as a simple
sensitive measure of dielectric constant. Eachsoreanent was repeated at least three times andgevealue of
that reading was taken as a dielectric constarg.abicuracy of measurement in the dielectric constast 3.0 %.

2.3 Measurement of excess permittivity
The information related to the excess permittidfythe aqueous solution was obtained from the expesperties
[10] of the mixture. The excess permittiviig defined as

£ :(50)m _[(EA [X4) +(‘9B-XB)] )

Where X is volume fraction and suffix m, A, B repeats mixture, liquid A (Water) and liquid B (Metitd)
respectively. The excess permittivity provides gatle information abouformation of new structure in the
mixture as follows:

i) €= 0: Indicates that solution A and B do not intérac
i) €5<0: Indicates that solution A and B interact isirch a way that the effective dipole moment getsiced.
i) €5> 0: Indicates that solution A and B interact ils@ way that the effective dipole moment insesa

2.4 Measurement of Kirkwood correlation factor
The Kirkwood correlation factor [11] provides infoation regarding the orientation of the electlijgoles in polar
liquids.

For a pure polar liquid, the Kirkwood correlatiacfor g may be obtained by the expression
AN p (& —£.)(28, + )

oKTM 0~ £ (e, +2) @

Where U is dipole moment,0is density at temperature T, M is molecular weighis Boltzman constant, N is

Avogadro’s number,[{y) is static dielectric permittivity and, is the dielectric permittivity at high frequency,
often represented by the square of the refractigex.

Modified forms of this equation have been usedttml\s the orientations of electric dipoles in thedrly mixtures
are given by Kumbharkhane et al [12, 13] two sugpradions used are as follows:

ﬂ(ﬂzM—pr +_'u2F'0F X jgeﬂ _ (eom = €um) (280 * €um)
M F

= 3
ng M M M F [£0m (‘Eoom + 2)2] ( )
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where §" is the Kirkwood correlation factor for a binaryxnire. §" varies betweerg,, andg..

47N ,uzM pM gM X+ ,UZFIOF gF X gf — (£Om _Ewm)(z‘EOm +£oom)
9kT MM ) M F " £Om(£oom +2)2

(4)

Oy and g are assumed to be affected by an amolint the mixture. §= 1 for an ideal mixture and deviation
from unity may indicate the interaction betweenttie components of the mixture.

2.5 Measurement of Bruggman factor

The static permittivity of two mixture must lie semhere between two extremes corresponding to static
permittivity of two liquids. In order to understartde dipole interaction in the mixture of two ligsi a various
mixture formula has been proposed [14, 15]

Bruggman mixture formula [16, 17] can be used est Bvidence of molecular interactions in binarxtmie. The
effective volume of the solute gets modified byusel— solvent interactions and is best illustrabgdthe non-
linearity of Bruggman formula. The static dielectcionstant({s) of the mixtures is related to the Bruggman mi&tur
formula with volume fraction of solute which indiea the interaction between solvent and solutes Tdimula
states that static dielectric permittivity of bigamixture (Jsn), solute (Jsp) and solvent{sg) can be related to
volume fraction of solvent (V) which indicates tineraction between solvent and solute in the méxas;

1/3
szm—esh £54 /
o) () =1V
esAd—esEB EST

According to above equation linear relationshipxpected in the Bruggman faciés) and (V). Any deviation from
this linear relation indicates molecular interactj@8].

RESULTSAND DISCUSSION

Figure 1 illustrates the experimental results afistdielectric constantsd of the aqueous solution for different
temperatures. The dielectric permittivity decreasdth increase in temperature as well as increasgolume
fraction of methanol. The decreases in dielecteiomttivity with increase in temperature might heedo rapid fall
in orientation polarization, because the increasedmal motion reduces the alignment of the permiadgoles
[19]. The decrease in dielectric permittivity witicrease in volume fraction of methanol may be wuimcrease in
carbon atoms number and size- shape of the conmpbdecules after hydrogen bonding interaction. Tduald be
attributed to decrease in number of dipoles indbmplex, which may lead to decrease in volume efrijtating
molecules. The results are in agreement with tHeeeaesults of Navarkhele et al [20].

The excess permittivity provides significant infation regarding interaction between the polar-pdiquid
mixtures. The excess dielectric permittivity o€thinary mixtures was calculated using equation TBe excess
permittivity (€5) of the binary mixtures of water with methano88, 293, 303 and 313 k are presented in figure 2
to 5 respectively. The excess permittivity is pwosiffor the entire volume fractions range at 283vkijch indicates
that water and methanol solutions interact in sagbay that the effective dipole moment increagealsb suggests
that any significant intermolecular interactioreféectively present at this temperature range.

At 293 k, the values of excess permittivity areatege in water and methanol rich region and positit 30 to 70 %
volume fraction range. The negative values &) {n water and methanol rich region are probable do the
creation of less polar structure leading to a lomercroscopic permittivity. The positive values &) (suggest that
the effective number of dipoles in the mixture ntigle greater than the corresponding average numkbe pure
liquids, probably due to the creation of new stunetieading to a higher macroscopic permittivit§][2

The variation in excess permittivitg¥ is similar at 303 and 313 k temperature whickiien in figure 4 and 5
respectively. According to this data, the excessnfisivity is negative up to 50 % volume fractiondapositive for
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rest of the volume fraction. The negative deviaidrom ideal may be attributed to a certain intéoaicbetween
unlike molecules, and in particular to hydrogending [22]. From a molecular point of view the néga values of
excess permittivity in water-aliphatic — alcohol xtoires is the consequence of formation of hydrogends
between water which contains an —OH group and caasaar type donor and alcohol molecules, which have one
acidic H atom on the —OH group and can act as-acceptors. However in pure alcohols the linearemsformed
give rise to a higher dipole moment which has batributed to the fact that the O-H bond momenttio$
aggregate is increased through mutual inductio,[22]

The Kirkwood angular correlation factor®fyy values for various compositions of the mixturel dar the studied
temperatures are represented graphically in figiir&he §" >1, at 283 k temperature and for entire volumetioa

range, indicates that in the mixture the dipolegphave been formed in such a way that their catent is parallel.
The ¢" <1, at 293, 303 and 313 k temperature for thizeemblume fraction range, indicates that in thetomie the
dipole pairs have been formed in such a way theit tirientation is anti-parallel.

The Bruggman factor values for various composg#tion the mixture and at various temperatures greesented
graphically in figure 7. According to the data tés deviation from the linear relation which givbe evidence of
molecular interactions in binary mixture of watadanethanol.
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Fig. 1. Variation of static dielectric constant with volume fraction of methanol at different temperatures
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Fig. 2. Variation in excess dielectric constant with volume fraction of methanol at 283 k temperature

835



V. V. Navarkheleet al J. Chem. Pharm. Res,, 2014, 6(12):832-838

3 -
=]
;\ 4
£1 A
= o
0o
%1 10 20 3P 40 B0 60 7O MO 90 A%0
§ Vplume fraction of methane °
&
o,
23 A
]
g ©  Execass permitivity at 203 K
Sthonrder RE model

Fig. 3. Variation in excess dielectric constant with volume fraction of methanol at 293 k temperature

!

© Excess permitivity at 303 K
——— 5th order RK model

il
1

=
1

c1nzoasg§bsomsosu1q)

—
1

EExsass RAEMITNIY
=)

° Volume fraction of methanol (%)

e
1

&
L

Fig. 4. Variation in excess dielectric constant with volume fraction of methanol at 303 k temperature
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Fig. 5. Variation in excess dielectric constant with volume fraction of methanol at 313 k temperature
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Fig. 7. Variation of Bruggman factor with volume fraction of methanol at different temperatures
CONCLUSION

The values of static dielectric constant of theess solution are found to be in the range of 28%tand decreases
with the addition of methanol.

The excess permittivity is positive at lower tergtare that is at 283 and 293k and in water riclioregndicates
that the effective number of dipoles in the mixtarght be greater than the corresponding averageeuin the
pure liquids. The excess permittivity is negativehigher temperature that is at 303 and 313 k itharel rich
region, indicates that the presence of certainmasteon between unlike molecules.

In the mixture the dipole pairs are formed and rdri@ parallel direction in water rich region and antiparallel
direction in methanol rich region which is confirdnfeom the (§ values.

The Bruggman factor shows the deviation from theedr relation which gives the evidence of molecular
interactions in binary mixture.
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