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ABSTRACT

Dielectric relaxation parameters of dimethylene chloride with dimethylformamide in microwave frequency range 10
MHz to 20 GHz has been determined using time domain reflectometry. The HP54750A digitizing oscilloscope with
HP54754A TDR module is used for these measurements. The time dependent data is processed to obtain complex
reflection coefficient o/ («). The complex permittivity spectra £{w)is obtained by applying bilinear calibration
method. The Bruggeman Parameters are obtained using static dielectric constant. The paper discusses the weak
inter molecular interaction in the binary mixture through Bruggeman parameter model.

INTRODUCTION

The dielectric relaxation measurement at microwlreguencies have provided an effective means alyitg
mechanism of molecular process and intermoleculégraction between the binary mixtures of the oigan
compounds[1-5]. The Bruggemen parameters of bipatgr liquids provide information regarding sohsvent
intermolecular interaction between the moleculamddhylene chloride (DCM) and dimethylformamide (BMare
both polar nonassociative liquids, one with chigroup and other with C=0 group. It is interestimgsee the
intermolecular interaction of chloro-group molecwih DMF molecule. The objective of the presenpgrais to
report the fundamental complex permittivity specral intermolecular interaction through Bruggemasdet for
DCM and DMF mixtures.

MATERIALSAND METHODS

DCM and DMF (AR grade, Qualigens fine chemicals.RAud., Bombay, India) were used without further
purification. The solutions were prepared at 1fedént volume percentage of DCM from 0 % to 100Using
these volume percents the mole fraction is caledlas

X1 = (Vipymy) /[ (Vipyma) + (Vop2imy) ]

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

The complex permittivity spectra were studied ugimgjtime domain reflectometry[6] method. The HetwRackard
HP 54750 sampling oscilloscope with HP 54754A TO®Rgpn module has been used. A fast rising stepagel
pulse of about 39 ps rise time generated by a pygserator was propagated through a coaxial listesy of
characteristic impedance 50 Ohm. Transmissiondistem under test was placed at the end of cokxéln the
standard military applications (SMA) coaxial contmecwith 3.5 mm outer diameter and 1.35 mm effectpin
length. All measurements were carried out undendpad conditions. The change in the pulse aftéeaon from
the sample placed in the cell was monitored bystimapling oscilloscope. In the experiment, time windf 5 ns
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was used. The reflected pulse without sampl@ Rnd with sample &) were digitized in 1024 points in the
memory of the oscilloscope and transferred to aiP@igh 1.44 MB floppy diskette drive.

The temperature controller system with water batd a thermostat has been used to maintain the amanst
temperature within the accuracy limit 8f°C. The sample cell is surrounded by a heat insijatontainer through
which the water of constant temperature using gegature controller system is circulated. The tenapee at the
cell is checked using the electronic thermometer.

DATA ANALYSIS
The time dependent data were processed to obtaiples reflection coefficient spect@(w) over the frequency
range from 10 MHz to 20 GHz using Fourier transfation [7,8] as

P (W=(cljexd)[P(w)/a(w)] (1)

where p() and qfy) are Fourier transforms of [®)- R(t)]) and [R(t) + R(t)] respectively, c is the velocity of
light, wis angular frequency, d is the effective pin léngtnd j:\/—_l .

The complex permittivity spectig(w) were obtained from reflection coefficient speqiré&w) by applying bilinear
calibration method [9].

The experimental values ef are fitted with the Debye equation [10]

* _ €0 € 5
e(wW = &t 1+ jox @)

with &, €., andt as fitting parameters. A nonlinear least-squaitesiéthod [11] was used to determine the values
of dielectric parameters. The value &fwas taken to be 2 for the system studied sinceth®rfrequency range
considered here, is not sensitive te,. A sample of complex reflection coefficiepif(cy) and complex permittivity
spectra{w) for pure DCM at 18C are shown in Figure 1 (a) and (b) respectively.

RESULTSAND DISCUSSION
The dielectric relaxation parameters such as didtemonstant and relaxation time of DMF in DCM fbt different

concentration at 15, 25 35 and°@5are reported in pawar at al[12]. Bruggeman patarseare obtained by fitting
the static dielectric constant at 15, 25 35 arftC45
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Figure 1. () The complex reflection coefficient p{w) and (b) The complex per mittivity spectra e{w) for pure DCM at 15°C

The modified Bruggeman equation[13] is a parametbich may be used an indicator of liquid 1 anadt2raction.
The Bruggeman factog is given by,

e e ¢ 1/3
f B :(M](&] = (]_ - (pz) (3)
€01 € \E

Om

According to equation (3), a linear relationshigigected which will give a straight line when piot ; againstp,.
However, here the experimental values @fvere found to deviate from the linear relationshipe Bruggeman
dielectric factor § versus volume fractiog, of DMF at 15, 25, 35 and 46 is given in Figure 2.

To fit the experimental data, Eq. (4) has been fiextjil 4]
fs=1-[a-(a-1}p| @2
4)

where 'a’ is numerical fitting parameter.

The information regarding the intermolecular inti@n of liquid 1 and 2 from this Bruggeman paraends as
follows:
(i) a < 1: The liquid 1 and 2 interaction suchsasictural breaking which decreases the effectoieinie of the
system.
(i) a> 1 : The liquid 1 and 2 interaction such as stmatformation which increases the effective voluofighe
system.

The parameters ‘a’ has been determined by the $easires fit method and it is found to be 0.64256, 0.408 and
0.214 for temperature 15, 25, 35 and@%espectively. The value of ‘a’ = 1 correspondshe ideal Bruggeman
mixture formula. The deviation from 1 relates taresponding liquids 1 and 2 interactions. The smalliation of
“a” suggest that weak interaction between DCM aMFbinary mixture at four different temperaturessaswn in
Figure 2.
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Figure 2. The Bruggeman plot for DMF in DCM mixture at (a) T=15°C, (b) T=25°C, (c) T=35°C and (d) T=45°C. Dashed line denote
original model (equation 3). Continuous lineisthe theoretical curve obtained from equation (4). Experimental pointsare shown by the
symbol e.

CONCLUSION

Bruggeman parameters are reported in this papedifoethylene chloride-N, N dimethylformamide mixtarat
various temperatures. The interaction of the chipup on the C=0 bonded liquids is discussed uBmggeman
model at four different temperatures. This papéicates weak intermolecular interactions observethé binary
mixture of unlike molecules.
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