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ABSTRACT

The dielectric spectra have been studied for butanenitrile(BN) with 1,2 Dichloroethane(DCE) mixture at
temperature 45°C in the frequency range of 10 MHz to 20 GHz using time domain reflectometry (TDR) for 11
different concentrations of the system. The Kirkwood correlation factor (gf) and Kirkwood averaged effective
correlation factor (g of the mixture has been determined. The static dielectric constants for the mixtures have
been fitted with the modified Bruggeman model. The study shows that the antiparallel alignment of the dipoles and
strong interaction between the constituent molecules of the BN-DCE mixture.
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INTRODUCTION

The Dielectric studies at microwave frequenciesehiaeen carried out to understand intermolecularaations and
dynamics of the molecules of the liquid mixturemggime domain reflectometry [1-2]. Butanenitr{BN) is non-
associative liquids and 1, 2 Dichloroethane (DCGEassociative liquid. BN isZIN group and DCE is of chlorine
group. It is interesting to see the effect of ftdgroup with chlorine-group. The objective of thresent paper is to
report the interaction between molecules of butarienand 1,2 Dichloroethane mixture at °@5temperature by
using Kirkwood and Bruggeman models.

MATERIALSAND METHODS

A spectrograde butanenitrile and AR grade 1, 2 Didethane ( E-Merck) were used without furtherifization.
The solutions were prepared at 11 different volymaecentages of BN in DE from 0 % to 100 % just befthe
measurements. Using these volume percents thefraot®n is calculated as

X1 = (Vipymy) /[ (Vipum) + (Vopaimy) |

where m Vi, and p; represent the molecular weight, volume percent density of the" (i=1, 2) liquids,
respectively.

The density and molecular weight of the liquids asdollows:

Butanenitrile-density - 0.8329gm &inmol. wt. - 67.09
1, 2 Dichloroethane -density: 1.256 gm&rmol.wt.-98.96

The complex permittivity spectra were studied usihg time domain reflectometry [3-4] method. Thewtédt
Packard HP 54750 sampling oscilloscope with HP BA75DR plug in module has been used. A fast risitep
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voltage pulse of about 39 ps rise time generated pylse generator was propagated through a cdmeéasystem
of characteristic impedance 50 Ohm. Transmissiu® $iystem under test was placed at the end ofaldane in the
standard military applications (SMA) coaxial contmgcwith 3.5 mm outer diameter and 1.35 mm effectpin
length. All measurements were carried out undendpad conditions. The change in the pulse aftieaton from
the sample placed in the cell was monitored bystrapling oscilloscope. In the experiment, time windf 5 ns
was used. The reflected pulse without samplé Rnd with sample ) were digitized in 1024 points in the
memory of the oscilloscope and transferred to @hiP@igh 1.44 MB floppy diskette drive.

DATA ANALYSIS
The time dependent data were processed to obtaiplea reflection coefficient spectgt(w) over the frequency
range from 10 MHz to 20 GHz using Fourier transfation [5, 6] as

p*(w)=(c/jod)[p(w)/q(w)] @)

Where p() and q¢v) are Fourier transforms of [R)-R,(t)]) and [R(t)+Ry(t)] respectively, c is the velocity of light,
wis angular frequency, d is the effective pin lénghd j:\/—_l .

The complex permittivity specti( w) were obtained from reflection coefficient spegiréw) by applying bilinear
calibration method [4].

The experimental values of are fitted with the Debye equation [7]

O ,
(W) = &+ 1+ jor 2

With &g €., andt as fitting parameters. A nonlinear least-squarteséthod [8] was used to determine the values of
dielectric parameters. In Eq.(%) is the static dielectric constard, is the limiting high-frequency dielectric
constant and is the relaxation time.

RESULTSAND DISCUSSION

The Kirkwood correlation factor;9] is also a parameter for getting informatiogarding orientation of electric
dipoles in polar liquids. The §pr pure liquid may be obtained by the expression

4I'INu2p _(go—€,)(2e,%E,,)
okTM ~ £,(e.,+2)?

3)

where i is dipole moment in gas phage,is density at temperature T, M is molecular weidhis Boltzman
constant, N is Avogadro’s number. The dipole momédot BN and DCE in gas phase are taken as 3.912 46
D [10] respectively.

For the mixture of two polar liquids 1, 2 Eq. (8)modified by ref.[11] with the following assumpti

1.Assume that g for the binary mixture is expressgdi effective averaged correlation factéf guch that the
Kirkwood equation for the mixture can be expredsgd

ANN ( p? 2 o Eom=€om) C€om €0
HiPy o HoPs ) e _ (& )(2¢, ! ) @
KT | M, M, Eom (Eem12)

with @, andg, as volume fractions of liquids 1 and 2 respectivel

2. Assume that the correlation factors for molesull and 2 in the mixture contribute to the effectp
proportionality to their pure-liquid values,gy. Under this assumption the Kirkwood equation fo¥ mixture can
be written
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= 5
okT ¢ (5)

AN (PG ) HoPols ) | = Bon~Eom) Eon*Eum)
M, M, 2 Eon (Eam+2)’

Om

where §" is the effective Kirkwood correlation factor forbénary mixture, withg, and@, as volume fractions of
liquids 1 and 2 respectively.

In equation (4), the values of'gwill change from gto g as concentration of molecule 2 will decrease fidf%
to 0%. The Kirkwood correlation factorgfgvhich gives angular correlation between the mdk=x of the system.
The values of § are less than one; it shows that there is an aatlphalignment of dipoles. The values gfage
more deviated from one in DCE rich region, it irati&s that stronger interaction between the coesiitmolecules.
But in BN rich region the values are near to uaityl it indicates that weaker interaction.

The values of § and g are calculated from equation (4) and (5) for thigtunes of the system. Temperature
dependentd and g for the system is shown in Figure (1).
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Figure 1. (a) Kirkwood effective correlation factor g and (b) Kirkwood correlation factor g, versus volume fraction (qy) of BN in DCE.

The modified Bruggeman equation [12] is anotherapaater, which may be used an indicator of liquidntl 2
interaction. The Bruggeman factari§ given by,

13
€om € €
fo =[—°m = j(—“ j =(1-9,) (6)
€017 €02 A\ Eom
According to equation (6), a linear relationshigigected which will give a straight line when pdok §; againstyp,.

However, here the experimental values pfsere found to deviate from the linear relationshipe Bruggeman
dielectric factor § versus volume fractioq, of BN at 45C is given in Figure 2.

To fit the experimental data, Eq.(6) has been niedlifl3]
fs=1-[a-(a-1jp] @ ()
Where 'a' is numerical fitting parameter.

The parameters ‘a’ has been determined by the $epsires fit method and it is found to be 0.502 ¥alue of ‘a’
= 1 corresponds to the ideal Bruggeman mixture fdamThe deviation from 1 relates to interactionwmsen
corresponding liquids 1 and 2. The large deviatibfia” suggest that stronger interaction between &N DCE
molecules of the mixture.
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Figure 2.The Bruggeman plot for BN-DCE mixture at 45°C. Dashed line denote original model (equation 6).
Continuous line is the theoretical curve obtaineanfequation (7).Experimental points shown by yralsols.

CONCLUSION

The Kirkwood correlation factors have been repofftedBN-DCE mixtures at 4& temperature for 11 different
concentrations. The interaction of the chlorineugravith the nitrile group liquids is discussed. Ooleserves
significant deviation from the various models. Madues of effective Kirkwood parametef{gare less than one; it
indicates that the antiparallel alignment of thpotits of the system. The values of Kirkwood paramet are
deviated from unity and it shows that the strorig&raction between the constituent molecules. dégation of
Bruggeman parameter ‘a’ from unity is also largd @nndicates that stronger interaction betweenriolecules of
the BN-DCE mixture.
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