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요 약. aniline-dimethylsulphoxide(DMSO)와 aniline-dimethylformamide(DMF) 계 에 서 dielectric rel- 
axation에 관한 연구를 10MHz-10GHZ 진동수 영역에서 여러 가지 다른 온도 그리고 농도에서 Time 
Domain Reflectometry(TDR) 방법을 이용하여 수행하였다. dielectric parameter 를 정적유전율, 이완시간, 

Kirkwood 상관계수, 잉여유전율, 잉여 역이완시간, 그리고 열역학적 parameter 들의 함수로 얻었다. 검정방법 

2로 최소자승법을 이용하였다. dielectric parameter 들이 온도와 농도에 대해 체계적으로 변하는 것을 볼 수 

있었다.

ABSTRACT. The dielectric relaxation study for aniline-dimethylsulphoxide (DMSO) and aniline-dim- 
ethylformamide(DMF) has been carried out using the Time domain reflectometry (TDR) technique, at different 
temperature and concentrations, in the frequency range of 10 MHz to 10 GHz. The dielectric parameters viz. 
static permittivity, relaxation time, the Kirkwood correlation factor, excess permittivity, excess inverse relaxation 
time and thermodynamic parameters have been obtained. The calibration method based on least squares fit 
method has been used. The dielectric parameters show systematic change with temperature and concentrations.

INTRODUCTION

The dielectric relaxation study of solute solvent mix
ture at microwave frequency gives information about 
molecular interactions in the system, formation of mono
mers and multimers. In the study of dielectric relaxation 
parameters, the Kirkwood correlation factor of polar
polar mixtures has a considerable significance in provid
ing valuable information about solute-solvent interaction. 

The importance of measuring the dielectric constant of 
liquid lies in the fact that it provides valuable information 
about ordering of the molecules in the liquid state i.e. it 
quantifies the extent of polarization of the medium.

Barthel et al. reported dielectric spectra of some 
amides in the frequency range 0.95-89 GHz at 25 oC 
using the method of travelling waves. Bass et al2 
reported dielectric properties of alkyl amides at 1-250 
MHz using the Schering bridge technique at different 
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temperatures. Khirade et al.3,4 have reported the dielec
tric parameters of DMSO-alcohol, DMSO-2ethoxye- 
thanol, DMF-alcohol and DMF-2ethoxyethanol mix
tures, using the time domain technique. The relaxation 
time of aniline-benzene mixture are obtained by Surya- 
vanshi and Mehrotra5 at 10 GHz in the temperature range 
10-50oC. Garbadu and Swain6 have studied aniline with 
alcohol with greater number of carbon atoms at 30 oC 
and at 450 KHz. Dielectric parameters for aniline-alco- 
hol mixtures have been reported by Patil et al. using the 
time domain technique. Fattepur et al.8 have studied aniline
methanol mixtures with different concentrations and esti
mated a strong interaction between the two components 
in the aniline rich region only.

The objective of this paper is to report a detailed 
dielectric study of the aniline-DMSO and aniline-DMF 
mixtures using TDR9,10 in the temperature range 30- 
45 oC. In this study, aniline has been used as solvent and 
DMSO, DMF as solutes. Time domain reflectometry in 
reflection mode has been used to obtain the dielectric 
parameters viz. static permittivity, relaxation time. Using 
these parameters, the Kirkwood correlation factor, excess 
permittivity, excess inverse relaxation time and thermo
dynamic parameters have also been determined.

EXPERIMENTAL

Aniline (Merck grade), DMSO (spectrochem grade) and 
DMF (HPLC grade) were used without further purifica
tion. The solutions were prepared by mixing aniline and 
DMSO, Aniline and DMF with different concentrations 
at room temperature, assuming ideal mixing behaviour. 
The mole fractions were calculated from the volume 
fraction and density data.

The complex permittivity spectra were studied using 
the TDR. A Tektronix 7854 sampling oscilloscope with 
7S12 TDR unit has been used. A fast rising step voltage 
pulse of 25 psec rise time generated by a tunnel diode 
was propagated through a coaxial line system. The sam
ple was placed at the end of the coaxial line in a standard 
military application (SMA) coaxial cell of 3.5 mm outer 
diameter and 1.35 mm effective pin length. All measure
ments were done under open load conditions. The change 
in the pulse after reflection from the sample placed in the 
cell was monitored by the sampling oscilloscope. In this 

experiment, a time window of 5 ns was used. The 
reflected pulses without sample R1(t) and with sample 
Rx(t) were digitized in 1024 points and transferred to the 
computer through a general purpose interface bus (GPIB) 
card.

The temperature controller system with a water bath 
and a thermostat has been used to maintain the constant 
temperature within the accuracy limit of ±1 oC. The sam
ple cell was surrounded by an heat insulating container 
through which the water of constant temperature using a 
temperature controller system was circulated. The tem
perature at the cell was checked using the electronic ther
mometer.

DATA ANALYSIS

The time dependent data were processed to obtain 
complex reflection coefficient spectra p*(s), over the 
frequency range from 10 MHz to 10 GHz using the Fou
rier transformation.11,12

p*(0 =(由① d)[p(0/q(0] (1)

where p(s) and q(s) are Fourier transforms of [R1(t)-Rx(t)] 
and [R1(t)+Rx(t)], respectively, c is the velocity of light, 
s is the angular frequency, d is the effective pin length, 
and j = V - 1. The Complex permittivity spectra £* (s) 
were obtained from reflection coefficient spectra p* (s) 
by applying the bilinear calibration method.9 The cali
brating liquids used here are the aniline and the respec
tive solvent mixed with the aniline. Experimental values 
of £* were fitted with the Debye equation.13-15

£*(s) = £“ + 흔는 (2)
1 +jST

with Eo (static permittivity) and T (relaxation time) as fit
ting parameters. The value of E쯔 (permittivity at high ffe- 
quency) was taken to be 2 for all the systems studied 
since, for the frequency range considered here, E* is not 
sensitive with respect to e쯔. A nonlinear least-squares fit
ting method16 was used to determine the dielectric 
parameters.

RESULTS AND DISCUSSION

The Eo and density values of pure liquids used are
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Table 1. Data for the pure liquids at 30 °C

Eo P (g-cm-3)

This work Lit. This work Lit.
Aniline 6.05 6.07 1.01314 1.01317a
DMSO 46.90 46.953 1.090507 1.09042b
DMF 37.62 38.274 0.939791 0.93967b

aRiddic J.A., Bunger W.B., Sakano T.K., Org. Solvent, 4th 
edition, John Wiley & Sons, New York, 1986.
bP. Rajasekhar and K.S.Reddy, Thermochem-Acta,117, 379 
(1987).

given in Table 1 along with literature values. The static 
permittivity and relaxation time obtained by fitting 
experimental data in the Debye equation are listed in 
Table 2-3. The values of static permittivity decrease as 
the percentage of aniline in the respective solute increases, 
for all the temperatures. The values of relaxation time 
increase upto 60% and 85% of aniline in aniline-DMSO 
and aniline-DMF mixtures, respectively, after which those 
decrease, for all temperatures.

The information related to solute-solvent interaction 
may be obtained by excess properties17 related to the per
mittivity and relaxation time in the mixture. The excess 
permittivity, £E, which provides qualitative information 
about formation of multimers in the mixture, can be 
computed as

eE = Go—e^)m-[(£o-%)axa+Go—%)bxb] (3) 
where ‘x’ is the mole fraction and suffix m, A, B rep
resents mixture, solvent and solute respectively.

Similarly, the excess inverse relaxation time (1/t)e 
which gives information regarding the dynamics of sol
ute-solvent interaction and represents the average broad
ening of dielectric spectra, can be defined as

(1/# = (1/T)m-[(1/T)AxA+ (1/T)bxb] ⑷

The variation of excess properties with mole fraction 
of aniline, at temperatures 30, 35, 40 and 45 oC, for both 
the systems are shown in Figs 2 and 3. In both the sys
tems studied, ee values are positive indicating the parallel 
alignment of the dipole and formation of monomeric or 
polymeric structures, which increase the total number of 
dipoles. The excess inverse relaxation time values are 
negative for both the systems except for the aniline DMF 
at 30, 40 and 45 oC for which those are slightly positive

ters for Aniline+DMSO binary system.
Table 2. Temperature dependent dielectric relaxation parame-

Vol. % of Eo T (ps) Eo T (ps)
Aniline 30 °C 35 °C

0 46.90 20.15 45.12 17.32
02 45.28 (1)b 20.84 (3) 44.57 (2) 19.24 (5)
04 43.93 (1) 21.08 (3) 43.66 (1) 20.00 (4)
05 43.30 (1) 21.93 (3) 42.72 (9) 20.91 (2)
06 43.01 (9) 22.07 (2) 42.34 (4) 21.35 (1)
08 42.07 (1) 22.40 (4) 41.50 (9) 22.75 (2)
10 41.22 (1) 24.74 (4) 39.25 (1) 22.99 (3)
15 39.56 (1) 25.90 (4) 37.65 (6) 23.91 (1)
20 37.98 (1) 31.35 (5) 37.52 (5) 25.88 (1)
40 28.50 (8) 38.29 (4) 27.71 (5) 34.10 (2)
50 25.75 (6) 39.91 (3) 24.15 (8) 36.14 (5)
60 21.99 (7) 40.92 (5) 21.20 (4) 38.24 (2)
80 17.41 (5) 38.31 (4) 16.48 (2) 36.87 (2)
85 11.57 (3) 37.47 (4) 11.19 (5) 34.44 (7)
90 9.85 (2) 31.83 (4) 9.49 (1) 28.98 (3)
95 8.04 (10) 25.95 (3) 7.32 (1) 26.54 (3)
100 6.05 16.08 5.82 14.96

40°C 45 °C

0 44.99 15.43 44.02 15.13
02 44.23 (1) 16.83 (3) 43.71 (1) 16.01 (3)
04 43.30 (8) 17.19 (2) 43.06 (1) 16.62 (3)
05 42.48 (1) 17.43 (3) 41.94 (1) 17.19 (3)
06 42.00 (8) 17.79 (2) 41.77 (1) 17.54 (3)
08 40.78 (7) 18.60 (2) 40.39 (9) 18.35 (3)
10 39.07 (1) 20.60 (3) 38.44 (1) 20.32 (3)
15 37.75 (7) 20.78 (2) 37.17 (1) 20.55 (3)
20 36.44 (5) 22.84 (1) 35.54 (8) 22.49 (2)
40 26.76 (5) 31.01 (2) 26.42 (3) 30.71 (1)
50 23.70 (5) 35.78 (2) 23.38 (2) 32.59 (1)
60 20.32 (2) 37.24 (2) 19.64 (8) 36.97 (6)
80 15.99 (2) 34.62 (2) 15.61 (2) 36.19 (2)
85 10.43 (2) 30.22 (3) 9.61 (1) 29.80 (2)
90 9.14 (2) 27.58 (3) 8.46 (1) 26.48 (2)
95 7.03 (1) 21.53 (3) 6.63 (1) 20.93 (3)
100 5.73 13.85 5.44 12.53

bNumbers in brackets indicate uncertainty, 45.28 (1), means 
45.28±0.01.

in the DMF region and for 35 oC these values are clearly 
positive in the middle region or the region where solute 
and solvent concentration is appreciably more.

The positive values of the excess inverse relaxation 
time indicate the faster rotation of the dipoles of the sys
tem whereas negative values indicate slower rotation of
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ters for Aniline+DMF binary system
Table 3. Temperature dependent dielectric relaxation parame-

Vol. % of £o T (ps) £o T (ps)
Aniline 30°C 35°C

00 37.62 10.40 34.44 9.87
02 35.05 (7) 10.76 (2) 32.44 ⑴ 10.21 (3)
04 34.26 ⑴ 11.04 (3) 32.31 (8) 10.40 (2)
05 34.24 (9) 11.47 (3) 31.74 ⑴ 10.99 (4)
06 33.86 (8) 12.08 (2) 31.36 ⑴ 11.24 ⑶
08 32.17 ⑴ 12.80 (5) 31.20 (7) 11.81 (2)
10 31.78 ⑹ 13.83 (2) 30.34 ⑴ 11.99 (4)
15 31.04 ⑺ 14.55 (2) 29.73 (7) 12.50 (2)
20 29.71 (1) 17.35 (4) 28.27 (7) 14.77 (3)
40 29.06 (3) 20.40 (1) 26.73 (4) 17.20 (1)
50 23.36 (4) 29.33 (2) 22.13 ⑶ 26.38 (1)
60 20.43 (3) 32.64 (2) 19.24 (3) 28.95 (2)
80 13.65 (3) 36.66 (3) 12.95 (2) 29.64 (3)
85 11.42 ⑵ 37.29 (4) 11.36 (3) 32.98 (4)
90 10.10 ⑶ 33.51 (5) 9.49 (3) 32.06 (5)
95 7.92 (2) 26.63 (5) 7.59 (2) 26.12 (5)

100 6.05 16.08 5.82 14.96

40°C 45°C

0 33.70 9.20 32.67 8.60
02 31.76 (9) 9.29 (3) 31.09 ⑴ 8.69 (4)
04 31.55 (8) 10.18 (3) 29.88 ⑴ 9.77 (4)
05 31.35 (8) 10.47 (3) 29.49 ⑴ 10.15 (4)
06 30.69 ⑴ 10.78 (7) 28.04 ⑴ 10.46 (5)
08 29.85 (8) 11.35 (3) 26.91 (1) 10.96 (7)
10 29.68 (7) 11.50 (2) 28.45 ⑴ 11.23 (4)
15 29.50 ⑶ 12.29 (1) 26.66 (6) 11.99 (4)
20 28.18 (4) 14.20 (1) 25.66 (6) 14.07 (3)
40 26.25 (2) 15.31 (1) 24.30 (7) 14.98 (3)
50 21.10 (4) 24.39 (2) 19.19 (4) 23.55 (2)
60 18.39 (4) 27.66 (3) 15.91 (4) 24.61 (3)
80 12.32 ⑶ 28.63 (4) 11.23 ⑶ 25.44 (5)
85 10.80 (5) 29.88 (7) 9.97 (2) 28.07 (3)
90 8.98 (3) 28.45 (5) 8.25 (2) 27.05 (5)
95 7.11 (2) 24.25 (7) 6.27 (2) 22.25 (7)

100 5.73 13.85 5.44 12.53
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Fig. 1. Excess permittivity Vs mole fraction of Aniline in 
DMSO.

1.0

Fig. 2. Excess inverse relaxation time Vs mole fraction of 
Aniline in DMSO.

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
M이e Frac, of Aniline

Fig. 3. Excess permittivity Vs mole fraction of Aniline in 
DMF.

the dipoles of the system. As expected, the solute-solvent 
interaction gets weaker with increasing temperature. Due 
to this fact, the corresponding excess properties get reduced 
at higher temperature.

The Kirkwood correlation factor18 ‘g’ is also a param
eter that affords information regarding orientation of 
electric dipoles in polar liquids. The ‘g’ for a pure liquid 
may be obtained with the expression

4nN2p _(£0-膈)(2£0 + 膈) 
--- :------- g =  9kTM g £。(膈+2)2

where 卩 is the dipole moment in the gas phase, p is the 
density at temperature T, M is the molecular weight, k 
is the Boltzmann constant, and N is Avogadro’s num
ber.

For a mixture of two polar liquids, say A and B Eq. (5) 
was modified19-20 as
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-19 -----------------------------------------------------------------------------------------------------------

Fig. 4. Excess inverse relaxation time Vs mole fraction of 
Aniline in DMF.

4nN仆丄Ap^ J*；Pb)eff (£0m-e^m)(2%/%m) 
菰HLa+一疋야 =「=6、

where geff is the effective Kirkwood correlation factor for 
a binary mixture with 板 and 饥 the volume fractions of 
the components. In Eq. 6, the value of geff changes from 
0a to 0b as the concentration of component B increases 
from 0 to 100%.

The calculated values of geff, for both the systems are 
tabulated in Table 4. The values of geff are less than unity 
for pure aniline and aniline-rich region indicating anti-

Table 4. Values of the kirkwood correlation factor geff for Aniline-DMSO and aniline-DMf binary systems

Vol. fraction of solutes
Temperature (°C)

45

Temperature (°C)

30 35 40 4530 35 40

Aniline DMSO Aniline DMF
0.00 0.81 0.78 0.77 0.75 0.81 0.78 0.77 0.75
0.10 0.77 0.77 0.78 0.78 0.73 0.68 0.68 0.68
0.20 0.75 0.76 0.76 0.77 0.69 0.66 0.65 0.62
0.40 0.75 0.75 0.76 0.76 0.67 0.63 0.63 0.60
0.50 0.77 0.77 0.77 0.78 0.66 0.62 0.62 0.57
0.60 0.79 0.79 0.79 0.80 0.64 0.63 0.61 0.55
0.80 0.85 0.81 0.82 0.82 0.67 0.64 0.64 0.62
0.85 0.92 0.88 0.90 0.90 0.71 0.69 0.69 0.62
0.90 1.05 1.05 1.04 1.02 0.77 0.74 0.75 0.68
0.95 1.01 0.99 0.97 0.97 0.94 0.86 0.86 0.80
1.00 1.46 1.37 1.36 1.36 1.04 0.99 0.95 0.85

Table 5. Values of molar enthalpy and molar entropy for aniline-DMSO and aniline-DMF mixturesa

% of Aniline Dimethyl sulphoxide Dimethyl, formamide

AH*(kJ mol-1 ) AS*(J mol-1k-1) AH(kJ mol-1 ) AS(J mol-1k-1)
00 13.10 (23) 3.26 (01) 7.67 (22) 0.53 (00)
02 12.87 (23) 3.09 (01) 9.19 (22) 0.91 (00)
04 11.27 (22) 2.47 (00) 3.64 (20) 0.78 (00)
05 12.05 (22) 3.50 (01) 4.54 (22) 0.97 (0.1)
06 11.39 (22) 3.61 (01) 5.03 (21) 1.02 (00)
08 10.21 (22) 4.66 (01) 5.53 (21) 1.15 (00)
10 8.66 (21) 2.06 (00) 8.15 (21) 3.06 (00)
15 10.82 (22) 2.69 (00) 7.05 (21) 3.52 (01)
20 15.47 (23) 4.32 (01) 8.19 (21) 3.88 (01)
40 9.59 (21) 2.68 (00) 14.20 (23) 3.64 (01)
50 7.32 (20) 1.95 (00) 9.26 (21) 1.69 (01)
60 2.57 (19) 1.51 (00) 11.72 (22) 1.64 (01)
80 1.20 (18) 2.55 (00) 15.58 (23) 3.69 (01)
85 2.98 (19) 3.02 (00) 12.68 (22) 1.39 (01)
90 4.95 (20) 3.46 (01) 9.62 (21) 1.65 (00)
95 11.07 (22) 4.88 (01) 7.21 (21) 1.84 (00)
100 10.62 (22) 0.85 (00) 10.62 (22) 0.85 (00)
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parallel alignment of electric dipoles in this region.
The thermodynamic parameters such as molar energy 

of activation AH* and molar entropy of activation AS* 
were obtained using the Eyring rate equation22

* *
T = (h/kT) exp [(AH -TAS )/RT] (7)

and are listed in Table 5.

CONCLUSION

Dielectric relaxation parameters, thermodynamic param
eters and Kirkwood correlation factor are reported for 
aniline + DMF, and aniline + DMSO mixtures for various 
temperature and concentrations. In these systems the var
ious dielectric parameters afford evidence of significant 
intermolecular interactions in the solute rich region only. 
All the parameters studied change with the temperature 
in accord with increasing structure breaking effects.
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