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TEMPERATURE DEPENDENT DIELECTRIC RELAXATION STUDY OF
ETHANOL-N N DIMETHYL FORMAMIDE BINARY MIXTURE
AT GIGA HERTZ FREQUENCY RANGE.

Patil H. T." and Shivalkar K.N.?
Department of Physics, Mahatma Gandhi Mahavidyalaya, Ahmedpur, India.

TRACT

ielectric Behavior of N,N-Dimethyl Acetamide

[CH.CON(CH,),] — Ethanol [C,H.OH] binary

mixture at different temperatures 15, 25, 35
and 450c have been determined over frequency range
of 10 MHz to 20 GHz. Using the Time Domain
Reflectometry Technique in reflection mode for 11
different concentrations of given binary system has
been used to measure reflection coefficient. Further
Fourier transform and least square fit method have
been used to obtain dielectric parameters such as
dielectric constant (g,) and relaxation time (1). The
dielectric constant decreased with an increase in
: : ; temperature where as it increased with increase in
concentratlon Relaxat|on time decreased with an increase in temperature and concentration. By
using dielectric parameters excess permittivity (%), excess inverse relaxation time (1/1)° and Kirkwood
factor (g) and (g*") has been worked out.

KEYWORDS :Time domain reflectometry, Dielectric parameters, Excess parameters, Kirkwood
correlation factor.

INTRODUCTION

Dielectric relaxation studies on binary mixtures are important for understanding the hydrogen
bonding and inter molecular interaction in the mixture .A dielectric study yields the Kirkwood
correlation factor, which is strongly correlated with the solute solvent interaction these parameters
give systematic change in structure of solute and solvent at different temperature for different
concentrations.

Dielectric parameters for Ethanol-tetrahydrofuron, ethanol-dimethyl formamide, ethanol-
dimethylsulfoxide, ethanol-2ethoxy ethanol, ethanol-aniline, ethanol-nitrobenzene, ethanol-nitro
toluene, were repeated by our earlier group (choudhari et al 1999, 2001, Khirade et al 1999a, 1999b,
patil etal 1999).

All the above systems showed systematic change in the dielectric parameters with
Concentration and temperature

The aim of present work is to report a dielectric study on ethanol - N, N Dimethyl Acetamide
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mixtures conducted using Time Domain Reflectometry [TDR] at the frequency range 10MHz to 20GHz
The dielectric parameters viz. the static dielectric constant €0 relaxation time t was determined. The
Kirkwood correlation factor, excess dielectric parameters obtained for 15°c, 25°c, 35°c & 45°c in order to
obtain to obtain structural information about the binary mixtures

2.EXPERIMENTAL SETUP:

Ethanol [AR grade] N, N Dimethyl acetamide [ARgrade sd. Fine chem. Limited Mumbai] was
used without further purification.

The solution were prepared by mixing Dimethyl Acetamide and ethanol with different
concentrations at room temperature assuming ideal mixing behavior

Composition in step of 10% by volume withina0.02% error limit.

The complex permittivity spectrawere studied using TDR (Cole et al 1989).

A 200mv pulse from a tunnel diode pulse generator block with a rise time of 25ps to 45ps and
repetitive frequency of 1 kHz was transmitted along a 3.5mm transmission line with characteristic
impedance of 500hms. The sample cell was placed at the end of the transmission line, after the sample
head.

The length of transmission line which connects pulse generator and Sampling head was about
twice of the transmission line which connects sampling head and cell so that the incident pulse was well
separated from the reflected pulse. The required cell was designed in such a way that its impedance
matched with the transmission line

A Tektronics 7854 sampling oscilloscope was used to sample the reflected pulse. The time
window used for the experiment was kept at 500ps/division or 5ns. The reflected pulse was digitized
with 1024 points in the selected time window. The oscilloscope transfer to computer by using 1.44MB
floppy.

First, the reflected pulse R, (t) & R,(t) without and with a sample in the cell respectively, were
recorded. Time referencing was done by matching small reflection due to a particular discontinuity at
the beginning of the cell in R, (t) & R, (t) subtraction and addition of these pulses were done in the
memory of the oscilloscope after proper time shifting. The subtracted pulse and added pulse were
transferred to the computer for further analysis

The temperature controller system with a water bath and a thermostat was used to maintain
the constant temperature with an accuracy limit of + or - 1°c. The sample was surrounded by an
insulating container, through which water obtained at a constant temperature using temperature
controller system was circulated. The temperature at the cell was checked using an electronic
thermometer

3. DATA ANALYSIS:

The time dependent data were processed to obtain complex reflection coefficient spectra
p*(w) over the frequency range from 10MHz to 20GHz using Fourier transformation [shannon1949,
samulon1951]

p (o) =(cjed) [ple)q(e)] (1)

Where w is the angular frequency, p(w)and g(w) are the Fourier transform of R,(t)-R (t) and
R,(t)+R (t), respectively, cis the velocity of light, d is the effective pin length and j=-1

The complex permittivity spectra €*(w) were obtained from reflection coefficient spectra p*(w)
by applying bilinear calibration method (Cole et al 1989) in the calibration process, pure liquids were
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used as acalibrating liquids
The experimental values of €*(w) were fitted with the Debye equation (Haverliakand Nigami
1966, Cole and Cole 1941, Davidson and Cole 1950)

gl m)=ex T gp-8z/ 1+ (jor) cn(2)

e

Where g,, €, and 1 are fitting parameters in equation (2), €, is the static dielectric constant, e, is
the high frequency dielectric constant and tis the relaxation time. A non linear least square fit method
(Bevington 1969) was used to determine the values of the dielectric parameters.
ie €*(w) were obtained from reflection spectra p*(w). The examples of p*(w) and £*(w) spectra are
showninfig 1(a) & 1(b) respectively.
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Fig. 1 Spectra for the mixture of 20 % DMA + 80 % Ethanol at 25°C

4.RESULTS AND DISCUSSION:

The densityp, €, and tvalues for the pure liquids used are given in table 1, along with the values
taken from the literature. The static dielectric constant (€,) and relaxation time (1) obtained by fitting
experimental data to the Debye equation are listed in the table 2.

Tablel. Comparison of data for the liquids with values from the literature at 25°c

Liquids — - e
Thiswork literature this work literature literature
A - Ethanol 24.56 24.7 133.33 146.9 0.7850
B - NN Dimethyl  38.77 39.67 21.95 18.22 0.9367
Acetamide

Available online at www.lsrj.in 3



TEMPERATURE DEPENDENT DIELECTRIC RELAXATION STUDY OF ETHANOL-N N DIMETHYL FORMAMIDE .........

Table 2. Dielectric parameters for the Dimethyl Acetamide —Ethanol system

Vol% of 15% 25%
DMA — - — -
00 24.85(2) 148.57(44)  24.56(0) 133.33(11)
10 24.84(1) 108.47(16)  24.51(1) 104.63(12)
20 27.29(1) 97.5(12) 26.12(1) 83.10(10)
30 27.34(1) 70.55(9) 26.74(1) 68.96(11)
40 30.50(1) 60.81(7) 29.46(1) 55.27(06)
50 31.20(1) 50.72(6) 30.25(1) 48.21(06)
60 32.52(1) 45.28(6) 31.61(1) 40.11(05)
70 34.98(1) 40.34(5) 33.42(1) 36.10(05)
80 38.07(3) 34.87(9) 34.76(1) 30.64(05)
90 38.79(2) 28.83(7) 36.87(1) 26.75(05)
100 39.99(1) 23.46(5) 38.77(2) 21.95(06)
35% 45°%
00 23.59(0) 124.26(9)  23.23(0) 113.27(9)
10 24.21(1) 97.04(10) 24.12(0) 78.50(7)
20 25.41(1) 75.81(9) 24.68(1) 70.65(8)
30 26.41(1) 62.08(8) 26.00(1) 55.92(6)
40 28.11(1) 53.85(7) 26.91(1) 49.11(7)
50 29.48(1) 45.82(6) 28.60(1) 44.04(5)
60 30.51(1) 39.23(6) 30.18(1) 33.96(4)
70 32.62(1) 33.14(5) 31.69(1) 30.29(3)
80 33.86(1) 29.12(5) 33.75(1) 26.56(3)
90 36.25(2) 24.06(6) 35.77(2) 23.06(4)
100 38.22(2) 20.43(6) 38.12(3) 19.95(8)

Numbersin bracketindicate uncertainty, 24.51(1) means 24.517 0.01
The excess parameters (hosamani etal 1995) related eO and t
ie. Excess permittivity and excess relaxation time provide information about formation of

Multimers or monomersin the mixture.
The excess permittivity isdefined as

gE= (&) -8x Jm -[(80-8x )aXa T (ep-8= 5 X5 ] .3

Where Xis the mole fraction and suffix m, A & B represent the mixture, solvent and solute, respectively.
1)s*=0indicates the solute and solvent do not interact at all

2)e" < 0 indicates the solute and solvent interact in such a way that the total effective dipoles are
reduced. The solute and solvent may be form multimers leading to the less effective dipoles

3)e" > 0 indicates the solute and solvent interact in such a way that the total effective dipole moment
increases. There isaformation of monomersand dimmers.

Similarly the excess inverse relaxation time is defined as
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(VDE = (1)m— [(1/1)a Xa+ (1/1)5 X5 ] .4

Where (1/7)E is the excess inverse relaxation time, which represent the average broadening of
dielectric spectra. The inverse relaxation time analogy is taken from spectral line broadening (which is
the inverse of relaxation time) from resonant spectroscopy (Mehrotraand Boggs, 1977)

The information regarding the dynamics of solute solvent interaction gives from this excess property is
asfollows

1)(1/1)"=0thereis no change in the dynamics of solute solventinteraction

2)(1/1)°<0the solute solvent interaction produces a field such that the effective dipoles rotate slower.
3) (1/1)"> 0 the solute solvent interaction produces a field such that the effective dipoles rotate faster. ie
the field facilitates rotation of dipoles.

The variation of [¢" and (1/1) 7] excess parameters with mole fraction of DMA at 15, 25, 35 and 45°c is
shown in following fig.

)
] 4 F +"

Llolz Fraction MoleFrachon

La) {b)

In the present work (€ is positive in the solvent rich region. This indicates the formation of
monomeric structure, which increases the total number of dipoles. Where as in the solute rich region,
eE is negative, indicating formation of dimeric structures, which leads to a decrease of the total number
of dipolesin the system

The excess relaxation time of these systems is positive in the solvent reach region. This indicates
fast rotation of dipole. This may be due to the formation of monomeric structures in this region. In the
DMA rich region these values are negative. This indicates the formation of structure probably dimeric,
which rotate slowly.

The experimental values of both excess parameters were fitted to the redlish-kister equation

YE= (X4 Xg) T Bg (Xa-Xg)K

Where Y is either " or (1/1)° By using the B, values Y* values were calculated & used as to draw
curvesshowninfig2aand 2b.

The structural information about the liquids by dielectric relaxation parameters can be
obtained by Kirkwood correlation parameter (H frolhich 1949). The Kirkwood correlation factor g is
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also a parameter for getting information regarding the orientation of electric dipoles in polar liquids
may be obtained by the expression

(4aN wp /9KTM) g= (gp-8= ) (280t 8= )/ e (e=+2)*  ...6

Where p is the dipole moment is in gas phase, p is the density at temperature T, M is the
molecular weight, Kis the Boltzman constant & N is the Avogadro’s number.

The modified form of this equation [ac kumbarkhane 1993, S.M. Puranic1994] has been used to
study the orientation of electric dipole in binary mixtures of the two polar liquids say A&B, the above
equation is modified assuming that for the mixture g°" has become effective correlation factor in the
mixture.

The Kirkwood equation for the mixture can be expressed as

(47N / OK1) [(p° Apa®y’ Ma) (U BpePs’ Mg)| gett = (8tm = €xm ) (EBim ™ €2m ) / E0m ( Exm

)2 -

-

Where g™ is the effective Kirkwood correlation factor for a binary mixture with @A & @B as
weight fraction of liquids A & B respectively. The calculated values of geff are tabulated in following
table

Table 3

Vol.% of
Ethanol 15°% 25% 35% 45°%
100 0.5794 0.5848 0.5786 0.5875
90 0.5715 0.5829 0.5944 0.6113
80 0.6316 0.6235 0.6258 0.6260
70 0.6322 0.6387 0.6514 0.6614
60 0.7095 0.7076 0.6957 0.6855
50 0.7260 0.7270 0.7311 0.7308
40 0.7577 0.7609 0.7574 0.7730
30 0.8174 0.8061 0.8121 0.8132
20 0.8924 0.8993 0.8438 0.8682
10 0.9090 0.8919 0.9056 0.9220
00 0.9374 0.9391 0.9562 0.9845

The g™ values decrease with increase in percentage of ETH in DMA. These values are
approximately close to unity for pure DMA and in DMA rich region it indicates no correlation, but
deviation from unity in the ETH rich region is more, which indicates the antiparallel alignment of dipoles
and suggest the monomeric type structure, this reveals the inter molecular attraction.

i.e. in this system alignment of dipoles changes from anti parallel to parallel arraignment with
increasing concentration of DMA.

5. CONCLUSION:

The binary mixture of Ethanol and Dimethyl Acetamide has been studied at various temperature
and concentrations using time domain reflectometry. The static permitivity and relaxation time have
been obtained with various concentrations at different temperature for the mixture. The parameters
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such as Kirkwood correlation factor, excess permitivity and excess inverse relaxation time give
information about interaction of molecules in the system and systematic change of structure on
addition of Dimethyl acetamide in ethanol.
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