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SUMMARY AND CONCLUSION 

The summary and concluding remarks at the end of all the chapters of this thesis 

"~~res~nted in chapter 10.' 

The subject matter of the thesis entitled "Dielectric behaviour of some polar 

liquids under high frequency electric field" are divided into several chapters. 

The chapter 1 entitled "General introduction and review of the previous works" 

presents a brief discussionofthe previous works on the dielectric liqui.ds. They 

are presented in a systematic and lucid manner in order to reflect the context of 

the present works. The content of the chapter starts from elementary theory of 

distortion polarisation ofC!ausius-Mossotti's relation. This is expressed in terms 

of permittivity of the polar liquids. Later on, Debye modified the Clausius

Mossottirelation to get dipole moment J.l of a polar liquid in pure state or in a 

suitable solvent under static and high frequency electric field. Different 

extrapolation techniques were, however, proposed by Guggenheim, LeFevre, 

Jaiprakash and others. They provided several methods of extrapolation techniques 

to get different values of relaxation parameters for a polar-nonpolar liquid 

mixture. This observation enables the author to locate the actual value of desired 

parameter in terms of measured relaxation parameter at different concentration 

of polar solute from least squares fitting technique. All these techniques were 

described to calculate the dipole moment J.l of a large number of polar liquids. 

Under high frequency electric field the dielectric permittivity E ii' becomes a 

complex quantity (i.e. E; = E; - j E ii l E 'ii being the real part and E "ii is the 

dielectric loss respectively. The theory ofhigh frequency conductivity ofMurphy 

and Morgan has been elaborately described in terms of measured permittivities. 

·The real K.' and imaginary K .. " parts of hf complex conductivity 
.lj lj 

K..' (=.K..' +J. K.") have been worked out as a function of weight fraction w. of 
y lj 'l J 

polar solute to get the desired value at infinite dilution (i.e. wj~O) within the 

framework ofDebye and Smyth model of polar liquid. At the end of the chapter 
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the feasibility of using the radio frequency (R.F) conductivity measurement 

technique has been shown to get the desired parameter like ion concentration 

existing in the liquid mixture in terms of dipole moment and relaxation time of 

solute. Thus the chapter is aimed at shape, size and structur~polar molecules 

from the high as well as low frequency measurement technique. 

The chapter 2 entitled "The scope and objectives of the present works" deals 

with the theoretical development of the Debye-equation of polar-nonpolar liquid 

mixture in terms of high frequency conductivity in the GHz range to get relaxation 

time • and dipole moment ,uofthe polar liquid. Earlier, real part of conductivity 

Ky" was used by Acharyya et alto get ' at infinite dilution (i.e. wj---+0). This 

theory was, however, used to get • and f.1 of a large number of polar liquid 

molecules. I twas also observed that the value of • based on the proposed theory 

depends on some boundary conditions. This short of drawback was later rectified 

by using total conductivity Kif as a function ofwj The theory yields results in 

agreement with the available reported data predicting the basic soundness of the 

theory. The concept of existence of two broad De bye type dispersion in a polar

nonpolar liquid mixture under single frequency electric field of Gigahertz (GHz) 

region at a temperature was first suggested by the author and others. To test the 

theory so far developed was applied on a number of monosubstituted anilines 

dissolved in solvent benzene to show the possible existence of double relaxation 

time • 
1 

and ' 2 in them. They have been shown in detail in chapter 5. An attempt 

has been made in this chapter to express the existing dielectric theories so far 

developed by the author in SI unit because of its rationalised, unified and coherent 

nature. Murphy-Morgan theory ofhigh frequency conductivity and its subsequent 

use to get the relaxation time 't and dipole moment ,u has been expressed in SI 

unit. The existence of mesomeric and inductive moments in the substituent polar 

groups due to difference in electron affinity in them which acts as pusher or 

puller, was also proposed by au?thor as stated in different chapters. At the end of 

the chapter the details of experimental technique adopted for radio frequency 

conductivity measurement of polar-polar or polar-nonpolar liquid mixture has 

been mentioned to get the relaxation time r, ion concentration inthe mixture 

etc. This has been presented in the chapter 9 in detail. 
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In the Chpater 3 of this thesis under the title "Dielectric relaxation of some 

disubstituted benzene and aniline derivatives under static and high frequency 

electric field" a convenient method has been suggested for simultaneous 

determination of relaxation time r: and hence hf and static dipole moments 11 
J lj 

and Ji
5 

respectively of some disubstituted benzenes and anilines in solvent 

benzene and carbon tetrachloride under effective dispersive region ·of 9.945 

GHz electric field. The use has been made of the ratio of slopes of the 

concentration variation of the imaginary part and the real part of the total 

conductivity K..' without the prior knowledge of any one of the two (Murthy et 
lj 

al 1989). The fl and Ji
5 

thus estimated, are then compared to establish the fact 

that they are. slightly influenced by high frequency electric field. They are again 

compared with the dipole moments Ji1 and Ji2 (Saha et al1994) due to the flexible 

part and the whole molecule only to show that the probability of rotation of a 

part of the molecule is possible under hf electric field. 

The title of Chapter 4 is "High frequency and static relaxation parameters of 

some polar monosubstituted anilines in benzene". Here, the use of slopes of 

individual variation of imaginary crij" and real crij' parts of high frequency (ht) 

conductivity (crt) with the weight fractions W/S Of. a solute is emrloyed to 

determine relaxation times 'fj's of some monosubstituted anilines in C
6
H

6
• The 

dipole moments ~~;'s of such polar molecules in terms of estimated r:'s are 
J J 

calculated and compared with those by using the existing methods for 1(Murthy 

et al 1989). Excellent agreement of fl's in all cases except m-toluidine indicates 

the applicability of both the methods. The hf fl as well as static Ji
5 

differ from 

f.itheo's as obtained from·· the available bond angles and bond moments. The reduced 

bond moments are, however, calculated from the estimated fl• f.is and f.itheo to 

yield the exact f.J.'s in close agreement with f.J.
5 
and 11 only to establish the presence 

of inductive and mesomeric moments ofthe substituent groups, in addition to 

. solute-solute or solute-solvent molecular a~ociations among the molecules in ' . 

the solution. The f1'S being little affected by the frequency of the electric field, 

are finally compared with~ and Ji
1 
(Sit and Acharyya, 1996) due to rotations of 
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the whole and a part of the molecules. They are very close to p
1 

indicating the 

fact that a part of the molecule is rotating under the electric field of 10 GHz. 

In the Chapter 5 bearing the title "Single-frequency measurement of double 

relaxation times of mono-substituted anilines in benzene" the single-frequency 

measurements of dielectric relaxation parameters at different concentrations 

are used to estimate the double relaxation times .. 1 (smaller) and .. 2 (larger) of 

some mono~substituted anilines in benzene at 35°C for 2.02, 3.86 and 22.06 

GHz electric fields respectively. The o-and m-anisidines like p-toluidines exhibit 

double-relaxation phenomena at 3.86 and 22.06 GHz whereas o-and m-toluidines 

show the same effect at 2.02 and 3.86 GHz respectively. Only p-anisidine, 

however, shows the mono-relaxation behaviour at all frequencies. The relative 
. . 

contributions c
1 
and c2 towards dielectric relaxation for r1 and r2 are computed 

from Frohlich's equations only for comparison with those of the graphical 

techniques adopted here. The dipole moments p 1 ~d p2 in terms of r1 and r2 

are then determined from the slope ~ of concentration variation of the ultra-
. <::ondUL-kuilj · 

high frequency"K-u for these compounds to establish their conformations. 

The title of the Chapter 6 is "Dielectric_ relaxation phenomena and high frequency 

conductivity of rigid polar liquids in different solvents". Here the double 

relaxation phenomena in apparently rigid aliphatic polar liquids G) like chloral 

and ethyl trichloroacetate in nonpolar solvents (i) benzene, n-hexane and n-heptane 

under 4.2, 9.8 and 24.6 GHz electric fields at 30°C have been studied. Only five 

systems of polar- nonpolar liquid mixtures show the double relaxation times 11 

and r
2 

due to rotation of their flexible parts and the whole molecules. The 

probability of showing the double-relaxation phenomena is! greater in aliphatic 

solvents at 9.8 and24.6 GHz electric fields indicating their non-rigidity. This is 

also supported by the symmetric and asymmetric distribution parameter, yand c5 

estimated from values ofx andy at wi --+0 involved with dim~nsionless dielectric 

· constants K' .. , K" .. , K .. and K . ."of solutions. The vatriationofx and ywith weight 
IJ IJ OIJ CCIJ 

fractions W/S of solutes are found to be unusual predicting their probable solute-

solvent and solute-solute association under high frequency (hf) electric fields. 

The dipole moments p
1 

and p
2 

of the flexible parts and the whole molecules 
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from the soples p s' of hf-conductivities cr .. s' with w.s' and the estimated -c s' u J . 

reveal their associations with the aliphatic solvents. The theoretical dipole 

moments lltheos' in terms of available bond angles and"bond moments conform 

the estimated JlS' only to establish the existence of mesomeric and inductive 

moments in them. 

In Chapter 7 entitled "Dielectric relaxation of para-polar liquids under high 

frequency electric field" the structural and associational aspects of non-spherical 

para-polar liquids G) in non-polar solvents (i) are studied through high frequency 

conductivities criis' of solutions. The relaxation time -c of the respective liquid 

under 3 em ·wave length electric field at various experimental temperatures in 

oc are estimated from the slope of individual variations of real crij' and imaginary 

crij" parts ofhf-complex conductivity cr;t with weight fractions w
1
's of polar 

liquids. The temperature variation of 't for comparatively larger non-spherical 

para molecules in dioxane are not strictly obeyed by Debye model unlike other 

simplerpara di-or tri-substituted benzene in benzene. Jbermodynamic energy 

parameters tlll,, ~S, and M, are obtained from Eyring's rate process equation 

with the estimated 'tS' in order to get information of solvent environment around 

them. The higher values ofy obtained from in -c.T against in TJ equatioriindicate 
• J 

the solid phase rotators for the liquids. The estimated Kalman and Debye factor 

( -clfTJ1) and ('tl/TJ) establish the Debye relaxation mechanism for almost all the 

para-molecules. The obtained dipole moment ~s' in terms of slope P of cr;rw1 

curve and dimensionless parameter 'b' involved witli estimated -c are then 

compared with the reported ll and lltheo obtained from bond angles and bond 

moments. The ~-t's of para-liquids are often zero but at other temperatures they 

show net moments. The slight disagreement between the measured and theoretical 

ll 's reveals that inductive and mesomeric moments of different substituted polar 

groups in molecules depend on differer;J.t temperature. 

In the Chapter 8 of the thesis under the title "Dipole· moments of associated 

binary solutes in benzene from ultra high frequency conductivities of solutions" 

the dipole moments of the binary polar mixtures in benzene ofNN-dimethyl 

formamide (DMF) with NN-tetramethyl-urea (TMU) and NN-dimethyl-
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acetamide (DMA) respectively for different mole fra,ctions ofDMF as well as 

those of their (1 : 1) mixutres .in benzene in the temperature range of l5°C to 

30°C are measured from the concentration variation of ultra high frequency 

9.885 GHz electric conductivity Kijk of the solutions. The method used here is 

an. extension of our previous work for a polar-nonpolar liquid mixture. The mole 

fraction and temperature variations of dipole moments thus obtained when 

compared with the theoretical values from the bond moments and bond axes 

indicate the very existence ofsolute-solvent i.e. monomer and solute-solute i.e. 

dimer formations which occur in the liquid mixtures when subjected to the ultra 

high frequency alternating electric fields. 

In Chapter 9 entitled "Dielectric behaviour and structural aspect of some polar 

liquid under radio frequency electric field at single and different temperatures" . 

the real part of radio frequency conductivity a:.' or a:k' in n-1 cm-1 of some polar 
IJ J . 

liquids in nonpolar solvent benzene (C
6
H6) at 25°C and polar-polar binary 

mixutres under I MHz electric field at different experimental temperatures have 

been measured to show that rf-conductivity depends linearly on the solution 

viscosity TJ;i or TJik" The intercept and slope of the linear variation of crii' or crik' 

against l!TJii or 1/T]ik have been used to estimate free ion density n of the liquids. 

The estimat~on of n is, however, used to obtain relaxation time 1 of polar liquid 

molecules like methanol, ethanol, n-propanol, 2-butanol in C
6
H

6 
and z;,; of their 

binary mixtures under 1 MHz rf-electric field at single and different experimental 

temperatures in oc respectively. With the estimated 1 and 1k the dipole moment 

~i of a polar molecule could, however, be obtained from Smyth's relation to . . . 

compare them with theoretical dipole moment ~theo obtained from available 

bond angles and bond moments of polar groups attached to parent molecules. 

The hf relaxation parameters thus obtained are finally compared with the literature 

values of different workers to observe the dielectric behaviour as well as the 

. structural aspects of such polar compounds under investigation. The therodynamic 

energy parameters and activation energies are also computed to serve these 

purposes. 

The first part of the thesis (i.e. Part A) contains systematic and coherent 
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development ofthe theoretical formulations to estimate the relaxation time ,
1
, 

'k' 'Jk of mixtures and double relaxation times 1:1 and ,;2ofpolarsolutes dissolved 

in nonpolar solvents from the measured dielectric relaxation parameters at single 

and different experimental temperatures under a high frequency electric field as 

a function of weight fractions of polar solutes. The theories are tested for a large 

number of non spherical and chain like polar molecules of different shapes and 

sizes presented in Chapter 3 to 9. The)' reveal interesting Information on their 

structur~s in terms of estimated ,;'s and J.l's from hf absorption studies of solution 

data. So, it can be concluded that the study of non spherical type polar liquids in 

nonpolar solvents has opened a new and vast scope_ of the future works. The 

different models ofOnsager, K)rkwood, Frohlich etc. may be expected to be the 

better choice for the polymer type long chain polar liquids in non polar solvents 

like benzene, dioxane, carbon tetrachloride, n-heptane, n-hexane, para-xylene 

etc. in addition to Debye-Smyth model which is supposed to be successful in 

predicting dielectric behaviours of nearly spherical type of polar liquids of simple 

molecular configuration. 

The discussion of the results of this thesis ofPartA and Part B thus summarised 
'· in this Chapter I 0, finally indicate the fact that it will inspire the future workers 

in the field ofliquid dielectrics to open a new scope for them to work further in 

the investigation of dielectric behaviour of interesting polar-nonpolar liquid 

mixtures under hf electric field. 
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