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Abstract 
The dielectric relaxation study of diethanolamine with triethanolamine binary mixture have 

been determined over the frequency range of 10 M Hz to 20 GHz, at 30oC using time domain 
reflectometry (TDR) method for 11 concentrations of the system. The present work reveals 
molecular interaction between same multi-functional groups [−OH and –NH2] of the 
alkanolamines (diethanolamine and triethanolamine) using different models such as Debye 
model, Excess model and Kirkwood model. The dielectric parameters viz. static dielectric 
constant (0) and relaxation time () have been obtained with Debye equation characterized by a 
single relaxation time without relaxation time distribution by the least squares fit method.  

 
Keywords: Structural Properties, Diethanolamine, and Triethanolamine.  

 

1. Introduction 

Dielectric study of binary polar liquids provides information regarding solute-solvent 
interaction. Considerable dielectric relaxation study has been done in  aqueous  
solutions[1-3]. The diethanolamine (DEA) and triethanolamine (TEA) are 
multifunctional substances that are capable of hydrogen bonding by both donation and 
acceptance of hydrogen bonds. Their properties, in this respect, have not so far been 
determined, and it should be of interest to see how one functional group (the two hydroxy 
and primary secondary functional groups) affects to the behavior of the other (the two 
hydroxy and tertiary amine functional groups). Dithanolamine (DEA) and 
triethanolamine (TEA) both are highly polar liquids. Dielectric relaxation of liquid 
mixture gives information about molecular interactions. Objective of the present work is 
to report the dielectric relaxation study for DEA-TEA system at various concentrations at 
30oC. 
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2. Experimental Details  

DEA (AR grade, M erck Specialties, Pvt. Ltd., M umbai, India)  and TEA (AR grade,  
Qualigens fine chemicals Pvt. Ltd., M umbai, India) were used without further 
purification. The solutions were prepared at 11 different volume percentage of DEA from 
0 % to 100 %. Using these volume percent the mole fraction is calculated as  

 

x = (v11/m1) /[ (v11/m1) + (v22/m2) ]       (1) 

 

where mi, vi,  and i represent the molecular weight, volume percent, and density  of the ith 
(i=1, 2) liquids, respectively. 

The complex permittivity  spectra were studied using the time domain reflectometry [4] 
method. The Hewlett Packard HP 54750 sampling oscilloscope with HP 54754A TDR 
plug in module has been used.  

The relaxation behavior of DEA-TEA system agrees with the Debye model. Therefore 
the experimental values of ) were fitted with the Debye equation [5]. 

A nonlinear Least-Squares fit method [6] was used to determine the values of dielectric 
parameters. 

 

3. Results and discussions 

3.1 Dielectric Properties 

The static dielectric constant (), dielectric constant at high frequency () and relaxation 
time () obtained by fitting experimental data with the Debye equation are listed in table 
(1) for DEA-TEA system. 

The values of static dielectric constant randomly increase with increasing the 
temperatures up to the melting points of DEA and TEA in the system, and then it 
becomes smoothly decreases with increase in temperatures. This behavior of static 
dielectric constants of DEA and TEA indicates that the change of phase from semi solid 
state to liquid state and increase in static dielectric constant may be correlated to 
disturbance in antiparallel arrangement of dipoles which leads to increase effective dipole 
moment. The melting point of DEA is 28oC and TEA is 20.5oC.  The values of relaxation 
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time decreases with increase of temperature, but these values suddenly decreases at the 
melting points. 

Table 1 - Temperature dependent dielectric relaxation parameters for DEA-TEA 
mixture 

 x2  T=15oC T=20oC T=25oC T=28oC T=30oC 

0  

0.0000 19.07 20.93 22.56 24.69 24.53 

0.0743 23.44 25.12 27.20 29.77 27.53 

0.1530 25.30 27.68 29.53 31.22 30.04 

0.2364 26.80 28.60 30.47 31.53 31.18 

0.3251 27.89 29.55 31.22 32.54 31.60 

0.4194 28.10 32.05 32.44 33.18 32.74 

0.5201 27.33 31.94 31.22 30.92 30.06 

0.6277 27.19 31.56 30.64 30.13 29.35 

0.7429 26.84 30.77 30.08 29.79 28.93 

0.8667 26.12 30.34 29.94 29.02 28.60 

1.0000 25.18 29.83 29.26 28.57 28.09 

  

0.0000 2.69 2.78 3.03 2.57 2.46 

0.0743 2.84 2.79 3.10 2.59 2.49 

0.1530 2.71 2.81 3.13 2.61 2.53 

0.2364 2.99 2.81 3.19 2.68 2.55 

0.3251 3.12 2.83 3.22 2.70 2.58 

0.4194 3.21 2.88 3.27 2.73 2.60 

0.5201 3.76 2.91 3.09 2.74 2.63 
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0.6277 3.04 2.93 3.01 2.81 2.64 

0.7429 2.81 2.98 2.98 2.88 2.69 

0.8667 2.77 3.13 3.04 2.96 2.71 

1.0000 2.61 3.30 3.18 3.02 2.97 

(ps) 

0.0000 474.21 439.73 414.84 307.48 285.94 

0.0743 488.03 441.84 423.10 326.30 298.52 

0.1530 496.51 443.98 425.62 332.83 307.03 

0.2364 502.47 450.04 428.04 345.31 310.44 

0.3251 509.85 452.08 430.16 349.43 316.85 

0.4194 513.64 457.24 432.96 353.01 327.24 

0.5201 519.33 458.73 435.82 361.60 339.61 

0.6277 528.07 460.85 437.44 369.55 358.77 

0.7429 531.63 464.52 440.72 384.74 364.64 

0.8667 548.70 470.35 441.65 400.33 371.38 

1.0000 556.34 472.20 443.13 407.54 383.19 

 

3.2 Excess Dielectric Properties 

The information related to liquids 1 and 2 interaction may be obtained by excess 
properties [7, 8] related to the permittivity  and relaxation times in the mixture.  

The excess permittivity  may provide qualitative information about multimers formation 
in the mixture as follows: 

E = 0 indicates that the unlike molecules of the mixture constituents do not interact at all. 

E  < 0 indicates that the unlike molecules of the mixture constituents interacts in such a 
way that the total effective dipoles get reduced. These liquids may form multimers  
leading to the less effective dipoles. 
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E  > 0 indicates that the unlike molecules of the mixture constituents interacts in such a 
way that the total effective dipole moment increases. There is a tendency to form 
multimers, dipole aligned in a parallel direction. 

 

 

 

 

 

 

 

 

Fig. 1. (a) Excess permittivity  (E), (b) Excess inverse relaxation time (1/)E versus  mole 
fraction (x2) of TEA in DEA at different temperatures.  

The excess permittivity  values are positive in the DEA  rich region and negative in the 
TEA rich region, except 28oC. Excess inverse relaxation time value has reverse trend for  
all concentrations and at all temperatures. The positive peak values are different at all 
temperatures of excess permittivity  in DEA rich region. The negative peak in  the ETA 
rich region is at 0.8667 mole fraction of DEA in ETA in the system. The negative peak of  
excess inverse relaxation times is noted at 0.1530 and the positive peak at 0.8667 mole 
fraction of DEA in the ETA of the system. The excess permittivity  values are positive up 
to the 80 % of TEA in DEA and then it becomes negative for 15, 25 and 30oC in the 
system. For 20oC, these values are positive up to the 90 % of TEA in DEA and then it 
becomes negative. At 28oC, all values are positive. The excess permittivity plots for the 
system studied show that, with addition of TEA, the values of excess permittivity  become 
positive indicating formation of monomers in the mixture and it is negative in TEA rich 
region nearly  90 % TEA in the system. 

Similarly , the excess inverse relaxation time (1/)E which represents  the average 
broadening of dielectric spectra. The inverse relaxation time analogy is taken from 
spectral line broadening (Which is the inverse of the relaxation time) in  the resonant 
spectroscopy [9, 10]. 

The information regarding the dynamic of liquid 1 and 2 interactions from the excess 
inverse relaxation time is as follows: 

(1/)E= 0 : There is no change in the dynamics of liquid 1 and 2 interaction.  
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(1/)E<0: The liquid 1 and 2 interaction produces a field such that the effective dipoles  
rotate slowly. 

(1/)E >0: The liquid 1 and 2 interaction produces a field such that the effective dipoles  
rotate quickly i.e. the field will co-operate in rotation of dipoles. 

The excess inverse relaxation time values are negative up to the 50 % TEA and then it 
becomes positive in the system. The negative value of excess inverse relaxation time 
indicates slower rotation of the dipoles of the system and positive values indicates faster 
rotation of the dipoles of the system. 

 

3.3 Kirkwood Properties 

The Kirkwood correlation factor g [11] is also a parameter for getting information 
regarding the orientation of electric dipoles in polar liquids. The dipole moments for 
DEA and TEA in the gas phase are taken as 2.80D and 3.57D [12] respectively. 

The structural information about the liquid by dielectric parameters can be obtained using 
Kirkwood correlation factor. The values of geff and gfare tabulated in table (2). The value 
of geff is linearly increases up to 50 % TEA in DEA, and then it becomes decreases at 
15oC. After all the temperatures (after the melting points) these values are linearly  
decreases with increase in the % volume of TEA in the system. After 28oC, these values 
are linearly  increases with temperatures in DEA and TEA rich region (i.e. both are in 
liquid state). These val-ues are greater than one indicating parallel orientation of the 
electric dipole and less than one indicating anti-parallel orien-tation of the electric dipole 
in the system. gf 1 for  all con-centrations at 20 to 30oC. The gf values are close to unity 
for DEA-TEA system studied, indicating weaker intermolecular interactions between 
components of the system. The maxi-mum deviation from unity  is observed at 15oC, 
around 20 % of TEA in DEA mixture.  

 

 

 

 

 

Table 2 - Temperature dependent Kirkwood parameters for DEA-TEA mixture. 

2  T=15oC T=20oC T=25oC T=28oC T=30oC 
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geff 

1.0 0.8148 0.6783 0.7878 0.9391 0.9590 

0.9 1.0304 0.8598 0.9860 1.1874 1.1263 

0.8 1.1310 0.9903 1.1001 1.2925 1.2827 

0.7 1.2168 1.0641 1.1624 1.3521 1.3852 

0.6 1.2847 1.1437 1.2192 1.4477 1.4593 

0.5 1.3110 1.2945 1.2982 1.5310 1.5741 

0.4 1.2890 1.3396 1.2746 1.4733 1.4958 

0.3 1.2986 1.3746 1.2780 1.4868 1.5173 

0.2 1.2977 1.3913 1.2823 1.5242 1.5555 

0.1 1.2777 1.4260 1.3060 1.5391 1.6004 

0.0 1.2456 1.4578 1.3048 1.5723 1.6363 

gf  

1.0 1.0000 1.0000 1.0000 1.0000 1.0000 

0.9 0.9823 0.9433 0.9728 0.9727 0.9623 

0.8 0.9825 0.9235 0.9684 0.9634 0.9538 

0.7 0.9937 0.9100 0.9683 0.9583 0.9538 

0.6 1.0112 0.9095 0.9752 0.9698 0.9579 

0.5 1.0235 0.9452 0.9977 0.9877 0.9821 

0.4 1.0193 0.9529 0.9869 0.9637 0.9500 

0.3 1.0279 0.9613 0.9863 0.9631 0.9504 

0.2 1.0320 0.9644 0.9866 0.9762 0.9614 

0.1 1.0227 0.9806 1.0008 0.9813 0.9805 

0.0 1.0000 1.0000 1.0000 1.0000 1.0000 
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3.4 Conclusion 

The Dielectric relaxation properties have been reported for same multifunctional (-OH 
and –NH2) compounds binary mixture for various temperatures and concentrations.  

 The values of static dielectric constant increase upto their melting points and then it 
becomes decreases with increasing the temperature in the system.  

 The relaxation time of these molecules sudnly drops down at the melting poins. 

 The excess permittivity  may provide qualitative infor-mation about multimers  
formation in the mixture.  

 The information regarding the dynamic of  liquid 1 and 2 interactions from the excess 
inverse relaxation time. 

 The Kirkwood correlation factor is also a parameter for getting information regarding 
the orientation of electric dipoles in polar liquids. 

 In semi-solid state, the strong inter-molecular intraction is observed as compaired to 
liquid state of the system contains same functional groups. 
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Working Principle Of The Time Domain Reflectrometry Technique 
And Its Applications 
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Abstract 
The Study of dielectric propert ies of polar liquids is very useful to understand the liquid structure, 
molecular interact ion, dynamics and kinematics of the liquid mixture. Dielectric relaxat ion spectroscopy 
is used as an effect ive tool to get the informat ion at  the molecular level. T ime Domain Spectroscopy 
(T DS) is a technique of recording the t ime dependent  response of a system under the applicat ion of an 
electromagnetic signal. T hese dielectric parameters are used to find out excess dielectric permitt ivity, 
Kirkwood correlat ion factor, Bruggeman factor, and the thermodyanamic parameters.  
 
Keywords: Dielectric parameters, excess properties, Kirkwood parameters, thermodynamic propert ies 
and t ime domain reflectometry. 
 

1. Introduction 
Dielectric materials are mainly insulators, which mean that there is no flow of current when a voltage is 
applied. The interact ion of electromagnetic radiat ion with a dielectric material gives a complex quantity as 
shown in equation (1).   

ɛ*(ω)= ɛ '-jɛ ''    (1) 
where ɛ*(ω) is the dielectric permitt ivity of the vacuum, ɛ' and ε" indicates dielectric constant  and 
dielectric loss. 
The variat ion of complex permitt ivity with the logarithmic applied frequency is given in fig. 1. 
A graph is drawn by taking dielectric loss along the x-axis and static permitt ivity along the y-axis, which 
decides the type of model followed by the system under considerat ion.  
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Fig. 1 Variation of com plex dielectric permittivity with logarithm ic frequency 

 Debye model: 
The resultant  graph is a semicircle as shown in fig. 2, and then the system follows the Debye model. The 
static permitt ivity and dielectric loss are given by the Debye equation as  

 

ε∗ = 휀∞ + (  ∞)
(   )

                                                       (2) 

where ε0 static permittivity , ε∞ is the permittivity  at high frequency and  is the relaxation time. 
It gives the complex nature of the dielectric permittivity  with dispersion. The real part complex 
permittivity indicates the orientation effect of a dielectric field with polarization and follows the 
applied electric field, whereas the imaginary part indicates chaotic motion leading to thermal 
dissipation with opposing the applied field.  
 

 
Fig. 2   Debye perm ittivity spectrum 

 
 The Cole-Cole Model (CC): 
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For long-chain molecules for which the permanent dipole moment is not aligned with the long 
molecular axis, these liquids exhibit a broader dispersion curve and lower maximum loss as 
shown in fig. 3. The Cole-Cole equation is given as [1]  

휀 ∗ () = 휀∞+ (  ∞)
( )  with  0 ≤  ≤ 1                                         (3) 

where α is the fitting parameter.  
A material with multiple relaxation frequencies will be indicated by a semicircle (symmetric 
distribution) or an arc (non- symmetric distribution) with its center lying between the horizontal 
ε=0 axis. 

 
Fig. 3 Cole-Cole m odel with different values of symmetric distribution parameter ( ) 

 The  Cole-Davidson model (CD): 

The skewed arc behavior in liquids has been observed and explained in terms of a cooperat ive 
phenomenon and mult iple relaxation processes.  This model describes the asymmetric distribution of 
relaxat ion time. Fig. 4 represents the Cole-Davidson model. 
It  describes the asymmetric distribution model. It  is corresponding to relaxat ion t ime and gives a skewed 
arc ε (ε). The molecule becomes less rigid with an increase in chain length and maybe relaxes in many 
ways.T he Cole-Davidson model related to the asymmetric distribution of relaxat ion t ime. T he Cole-
Davidson’s equation is [2] 

 
ε (ω) = ε∞ + [(ε0-ε∞ )/(1+jωτ)] with 0 ≤ β ≤1                                                   (3) 

where β is the fitt ing parameters. 
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Fig. 4 Cole-Davidson model at different   values 

 

 The Havriliak – Negami model: 
There are many dielectric behaviors that  cannot  be explained by the above models. Havriliak-Negami 
generalized the expression, consisting of both Cole-Cole and Cole-Davidson expression as given below 
[3]. 
 

휀 ∗ ()= 휀  + (    )
[ ( ) ]                                                 (4) 

It  generalized expression containing a combination of CC and CD. Separation of real and imaginary parts 
gives an intricate expression for ε and ε. 
 
 

 

Fig. 5 Com plex plane plot of dielectric constant vs dielectric loss in Debye, Cole-Cole, 
Cole Davidson and Havriliak-Negam i m odel 
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II. Experimental Technique 

The “T ime Domain Reflectometry” is a technique of observing the t ime-dependent reflect ion response of 
the t ime-dependent electromagnetic signal from the sample under study. Fig. 6 shows the block diagram 
of time domain reflectometry [4, 5].  Maintaining the integrity of the specificat ions. 

The TDR dielectric measurement system consists of a step generator, which generates a fast rising step 
pulse of the order of picoseconds. A train of a suitable fast  rising pulse is applied to a t ransmission line by 
usually a  coaxial line with the characterist ic impedance of 50. T his coaxial line is connected to the 
sampling device.  
Sampling oscilloscope is a very important part  of the T DR system. It  contains a digit izer, a t ime base 
circuit , and a display circuit. The T ektronix contains the state-of-art  sampling oscilloscope for 
communicat ion signal analysis, T DR/T DT/Serial data network Analysis, acquisit ion and measurement of 
repet it ive ultra fast signal with 80E08 T DR sampling module with user selectable bandwidth, CDROM 
and USB port  as shown in fig. 7. The DSA8200 is the industry’s highest performance, fully integrated 
t ime domain reflectometry (T DR) measurement system. Offering true differential TDR measurements up 
to 50 GHz bandwidth with 15 ps reflected rise t ime and 12 ps incident rise t ime of the applied 
electromagnetic signal. 
 

 
Fig. 6 Block diagram  of the Time dom ain reflectometry technique 
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Fig. 7 Tektronix DSA8200 digital serial analyzer sampling oscilloscope 

The 80E08 TDR/sampling module [6, 7] contains two oscilloscope measurement channels (CH1& CH2), 
user selectable bandwidth 20 GHz and 30 GHz. The Sample module 80E08 with the integrated remote 
sampler is shown in fig. 8. T he high bandwidth provides high reliability display and measurement of very 
high speed waveforms. It  is easily capable of performing both single ended T DR/T DT measurements. The 
T DR rate can be selected manually or automatically for a repet it ive rate of the T DR step. The snapshot  of 
the actual TDR experimental setup is shown in fig. 9. 

 
Fig. 8 Sample module 80E08 with the integrated remote sampler 

The sample of the liquid under test  is placed in the sample hold container as shown in fig. 10. Before 
start ing an experiment , it is very important  to know the physical dimensions of the sample cell. The 
impedance of the sample cell must  be matched with the impedance of the coaxial line to which it  is 
connected. If the impedance mismatches then the unwanted reflect ion may disturb the desired wave, 
thereby causing errors in the measurements. Fig. 11 represents the coaxial cable. 
The t ime window depends on the desired required frequency range. T he minimum noticeable frequency is 
given as 

ƒmin = 1/ time window 

and the maximum frequency absorbable is  

ƒmax = N/2 * t ime window 
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where N is the number of t imes samples the signal. T he proper select ion of a t ime window is very 
important  because the smaller t ime window causes signal loss and the larger time window includes 
unwanted reflect ions. T he time window for the present  work is 5ns. 

 

 

 

 

 

    Fig. 9 TDR setup with temperature controlled system 

 
Fig. 10 Sam ple cell’s effective pin length 

 

 
 Fig. 11 the slim  form of coaxial cable 

III. Results and discussion 

The reflected pulse without  sample R1 (t ) and the reflected pulse with sample Rx (t) are shown in fig. 12. 
These pulses are added and subtracted by using computer software. The subtracted pulses are represented 
as p(t) i.e., p(t) = [R1 (t) - Rx (t)] and the added pulses are represented as q(t), which is equal to q(t) = [R1 
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(t) + Rx (t)].  T hese resultant  p(t) and q(t) pulses are graphically represented in figs. 13 and 14 
respect ively. 

 

Fig. 12 Reflected pulse w ith sam ple Rx(t) and without sam ple R1(t) for pure water 

 

Fig. 13 Sam ple pulse of [R1(t) + Rx(t)] for pure w ater 
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Fig. 14 Sam ple pulse of [R1(t) - Rx(t)] for pure water 

The dielectric parameters of material are a measure of the extent  to which the electric charge distributed 
in the material when an external electric field is applied to the material. 
The values of stat ic dielectric constant  (ε0), dielectric constant  at  high frequency (ɛ) and relaxat ion t ime 
(τ) are received by fitt ing experimental data in the Debye model. The values of stat ic dielectric constant 
and relaxation t ime decrease with increase in temperature as expected, it  is due to an increase in the 
density with a decrease in temperature. 
There are various models that  can correlate dielectric parameters with molecular act ivit ies in liquid. T he 
correlat ion between dielectric parameters and molecular interact ion as well as structural changes in the 
mixture can be explored by various techniques. In the absence of an exact theory, the available theories 
with some assumptions provide a t rend regarding interact ion and structural changes. 
The information related to the structural changes of liquid 1 and 2 may be obtained by excess propert ies 
of dielectric constant  and relaxat ion t ime [8].  
The excess permittivity E is defined as 

   εE = (ε0 - ε∞)m- [(ε0 - ε∞)1x1 + (ε0 - ε∞)2x2]                                          (5) 

where x is mole fract ion and suffices m, 1, 2 represents mixture, liquid 1 and 2 respect ively. 
Similarly, the excess inverse relaxat ion t ime is defined as  

 (1/τ)E= (1/τ)m –[(1/τ)1x1 - (1/τ)2x2]                                             (6) 

where x is mole fract ion and suffices m, 1, 2 represents mixture, liquid 1 and 2 respect ively. 
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The inverse relaxat ion t ime analogy is taken from the spectra line broadening in the resonant 
spectroscopy [9]. 
The excess propert ies [εE & (1/τ)E] as discussed above of binary polar liquids under considerat ion, 
prepared at a fixed temperature and are represented by the Redlich-Kister equation [10, 11]. 

     AE=(x1 x2) 
n

Bn (x1- x2)n                                                        (7) 

where A is either ɛE or (1/τ)E, x1 and x2 are a molar fract ion of two liquids,  the coefficient Bn is a fit t ing 
coefficient to be determined by the least square fit method, for n=0 to 3. 
The physical meanings of B0, B1, B2, and B3 are correlated with rates for forming mult imers as follows: 

B0 represents the rate for forming dimer liquid1-liquid2  
B1 represents rate for forming trimer 2 (liquid1)-liquid2 
B3 represents rate for forming quartermers 2 (liquid1)-2 (liquid2) 
B4 represents rate for forming pentamer 3( liquid1)-2 (liquid2) 

The negative sign of Bn represents the formation of the liquid mixture is more favorable, whereas the 
posit ive sign represents the breaking of a liquid mixture is more favorable.   
In binary polar liquid 1 & 2, molecules of liquid 1 interact  with the molecules of liquid 2, result ing in the 
formation of mult imer-type of structures, result ing in dipolar reorientat ion [12]. The value of g for pure 
liquid may be obtained by the expression 
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where  is dipole moment in the gas phase,   is the density at  temperature T , M is molecular weight , k is 
Boltzmann constant, N is Avogadro’s number.  
For the mixture of two polar binary liquids 1 and 2, the equation (8) is modified by Kumbharkhane et  al 
[13] with the following assumptions: 

1. Let us assume that for the polar binary liquid mixture, geff is an effect ive correlat ion factor in the 
mixture. The Kirkwood equation for the mixture may be expressed as  
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where geff is the effect ive Kirkwood  correlat ion factor for a binary mixture, with 1 and 2 as volume 
percent  of liquids 1 and 2 respect ively. 
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The value of geff provides structural information related to the dipole orientat ion in binary liquids as 
follows: 

 The value of geff>1 indicates that  due to solute-solvent  interact ion the dipoles get  aligned such 
that  the effect ive dipoles become larger as compared to pure liquids.  

 When the molecules prefer an ordering with ant iparallel dipoles, the value of geff<1. 
 The value of geff=1 indicates there is no dipolar correlat ion.  

2. Let  us assume that  the correlat ion factors for molecules 1 and 2 in the mixture contribute to the 
effect ive g proportionally to their pure-liquid values g1 and g2. Under this assumption, the Kirkwood 
equation for the mixture can be written 
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where gf is the Kirkwood  correlat ion factor.  

The gf gives information about angular correlat ion within the molecules of the system. 
 When the value of gf>1 indicates that  the effect ive dipole value in the liquid understudy will be  

higher than the average value in pure liquids.  
 When gf<1 indicates the liquid under considerat ion will be lower than the average value in pure 

liquids.  
 When gf=1then there is no effect ive dipole. 

 
The thermodynamic parameters like molar enthalpy of act ivat ion (ΔH) and molar entropy of act ivat ion 
(ΔS) are determined from the Eyring rate equation [14] ut ilizing the least  square fit  method. 
 

KT

h
  exp (H-TS) /RT                                                               (11) 

In a binary mixture of polar liquids, there is a change in the energy of the system. This change in energy 
can be interpreted with thermodynamic parameters such as free energy of act ivat ion (ΔG), molar enthalpy 
of act ivat ion (ΔH) and molar entropy of activat ion (ΔS).  
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Applications 
1) Agriculture : In agriculture, it is found that  the dielectric permitt ivity increases with increasing 
moisture contents in the seeds and the dielectric permitt ivity decrease with increasing frequency. At high 
moisture level and low frequency range, the magnitudes of variat ion in dielectric permitt ivity were large. 
This variation is used to get  an idea of the moisture contents in seeds. 
2) Moisture  measurement: Accurate measurement of moisture content  is of importance in many 
applicat ions, including agricultural and the food processing industries. Because of the high relat ive 
permitt ivity of water, the dielectric properties of moist  material are strongly dependent  on their moisture 
content , these methods rely on calibrat ion curve relat ing relat ive permitt ivity to moisture content , which 
may be obtained by measuring a range of samples with known moisture level. 
3) Medicine : A controlled dose of microwaves can be made useful for medical diagnosis, therapy, and 
human comfort . Physical therapy of microwaves has been found effect ive in curing inflammation, piles, 
and injury. Microwave treatment  of cancer has also been studied. Human comfort  and physical health 
depend upon the energy exchange between man and surrounding. 
4) Electrochemical supercapacitors: Commercially manufactured capacitors typically use a solid 
dielectric material with high permitt ivity as the intervening medium between the stored posit ive and 
negative charges. This material is often referred to in technical contexts as the "capacitor dielectric". 
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