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4.1. Introduction 
j 

In recent years the dielectric relaxation phenomena of polar-non-polar liquid 

mix1ures under ultra-high-fl-equency (UHF) electtic fields have gradually gained the 
! 

attention of a large number of workers [1-3] as they reveal significant inf01mation on 

vatious types of molecular associations. There exist several· methods [ 4-6] of estimating 
' 

the relaxation time -r, as well as tlie dipole moment ~t.i of a polat: liquid within the 

framework ofthe Debye and Smyth model. We [7], however, observe. that the imaginary 

K"i.i and real K';.i of the complex UHF conductivity K";,; of a polar-non-polar liquid mixture 

vary linearly and independently in t~le low-concentration region. The relaxation time, 

which is the lag in response to the ~ltemation of the electric field, could, however, ·be 

estimated fi·om their slopes. 

Bergmann et a/ [8] devised a graphical technique in order to obtain -r 1 and -r 2 to 

represent relaxation times of the flexible part attached to the parent molecule and the 

molecule itself respectively. The conesponding contributions c1 and c2 towards dielectric 

relaxations in tenns of -r 1 and -r 2 were also found for some complex molecules. The 

method is based--Otl--plotting the nprmalized--experimentat. points involved with the 

measured data of the real E', the imaginary E" of the complex dielectric constant ~*, the 

static dielectric constant Eo and the optical dielecttic constant Ea: at vatious frequencies co 

on a semicircle in a complex plane . .A point was then selected on the chord through the 

two fixed points on the semicircle in consistency with all the experimental points. 

Bhattacharyya eta/ [9] subsequently modified the above procedure to get 1 1, -r2, c1 and c2 

with the expetimental values measured· at two different fi·equencies. 

' Under such conditions, an altemative procedure [I 0] has recently been suggested 

to detennine -r 1 and -r2 based on a single-fi·equency measuremen_t of dielectric relaxation 
E .. 

parameters like Ejj, Ejj .... ~d Eooij of a polar molecule (j) for different weight fi·actions Wj il1 

a non-polar solvent (i) at a given temperature in degrees ~elsius. They are, however. 

estimated fi·om the slope and intercept of the straight line equation betwe·en 

(e 0 .. - E~· )/(E~· - e .. ) and E~· /(g!.- 1; .. ) This is derived fi·om the dielecttic 
IJ IJ IJ OOlJ IJ lj . OOIJ ' 

relaxation data for different m.i of a polar solute measured under a single-·fi·equency electric 



field in the GHz region. The correlation coefficient r. could also be calculated because of 

the linear behaviour of the derived parameters. l11is helps one find out the percentngc 

enor introduced in the obtained results, too. 

l11e conesponding contributiqns c1 and c2 towards dielectric relaxation in terms of 

estimated -r, and •~ can, however. be .calculated fl"om x andy where 

r.ii -f,<X>ij' . 
X= . . 

E~j 
y=---

r. Oij - r. ooij 80ij- 8ooij 

in Frohlich's equations [ 11]. l11e va1iations of x and y with ro.i of a polar solute in a 

system of a polar-non-polar liquid mixture are found to obey the equations of Bergmann et 

a/ [8] almost exactly. c1 and c2 can also be calculated by the graphical technique suggested 

by_Saha et a/_[ 1 0]2..-\AI'ltich consists of plotting!hQse~ exp_erimental values at different {\);' s 

with a view to getting x and y at infinite dilution. The UHF electrical conductivity K;.i of a 

polar-non-polar liquid mixture, on th'e other hand, is thought to be a sensitive tool in 

asce1taining the dipole moment ~~.i of a polar liquid in tenns of -rs. 

Some of the disubstituted aniline and benzene derivatives had already been studied 

in detail by the new approach suggested by Saba et al [ 1 0]. Ten out of 12 highly non

spherical disubstituted anilines and benzenes were found to exhibit the double-relaxation 

phenomena as their flexible pa1ts are not rigidly fixed in relation to the parent ones. 

We, therefore, thought to study the available solution_ data of .. E';.i, .. E";_;. Eo;_; 

and Ec.ci.i of mono-substituted anilines like anisidines and toluidines in their ortho, meta and 

para fonns for their va1ious conce11trations as measured by Srivastava and Suresh 

Chandra [ 12] at different fi·eqtlencies of 2.02, 3.86 and 22.06 GHz electric fields at 35"C 

to obtain t 1 and t 2 based on the new approach of Saha eta/ [10]. Highly non-spherical 

molecules like mono-substituted ani1ines are also expected to possess the double

relaxation phenomena by showing 't1 and 't2. Although they are strongly of non-Debye 

type in their relaxation behaviour, it is found, in the present investigation, that they do not 

exhibit the effect of double-relaxation phenomena at nil fi·equencies of the electric field. 

When the available data [12] were extended to 9.945 GHz (about 3 em wavelength). 

which is supposed to be the most effective dispersive region for such polar molecules all 
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T<thle 4.1 Tl~e dielectric relaxation parameters like E;j, Eij, EOij and E
00 

ij of three isomers of anisidines and toluidines in benzene under different weight 

fractions <•J;·s of solutes at 35"C from high frequency absorption measurements 

System Weight fraction E'·· .... " .. E'·· c:"·· z'i.i t"·· 
> 

E11~j (I c~ 1.1 '.1 •.I IJ E,;i = n-llii 
(<•Ji) of solute at 450KHz at 2.02 GHz at 3.86 GHz at 22.06 GHz 

0.0326 2.336 2.33 0.005 2.32 0.011 2.31 0.015 2.239 
o-anisidine 0.0604 2.404 2.39 0.009 2.37 0.021 2.36 0.026 2.247 
in benzene 0.0884 2.459 2.45 0.013 2.44 0.029 2.40 0.041 2.255 

0.1135 2.538 2.50 0.018 2.49 0.033 2.42 0.053 2.262 
0.1361 2.588 2.57 0.027 2.53 0.041 2.56 0.065 2.267 

m-an i sidi ne 0.0160 2.315 2.30 0.006 2.31 0.018 2.29 0.021 2.235 
in benzene 0.0336 2.384 2.37 0.010 2.25 0.026 2.32 0.038 2.241 

0.0579 2.477 2.44 0.017 2.43 0.043 2.36 0.068 2.246 
0.0823 2.553 2.52 0.037 2.51 0.059 2.40 0.080 2.253 
0.1109 2.675 2.62 0.047 2.61 0.084 2.43 O.ll5 2.261 

.. p-anisidine . 0.0319 2.373 2.36 0.008 . 2.34 0.014 2.31 0.031 2.237 
in benzene 0.0597 2.442 2.46 0.015 2.43 0.027 2.38 0.069 2.246 

0.0848 2.539 2.52 0.022 2.52 0.042 2.44 0.088 2.250 
0.1106 2.638 2.63 0.031 2.60 0.061 2.48 0.105 2.262 
0.1396 2.745 2.72 0.042 2.70 0.082 2.54 0.146 2.269 . 

o-toluidine 0.0137 2.301 2.30 0.005 2.29 0.008 2.27 0.026 2.241 
in benzene 0.0332 2.334 2.36 0.010 2.35 0.020 2.30 0.042 2.247 

0.0459 2.392 2.38 0.013 2.38 0.023 2.32 0.069 2.250 
0.0622 2.457 2.42 0.015 2.42 0.029 2.34 0.079 2.255 
0.1048 2.577 2.55 0.022 2.55 0.061 2.42 0.096 2.264 

m-toluidine 0.0264 2.337 2.32 0.005 2.31 0.007 2.29 0.020 2.243 
in benzene 0.0538 2.413 2.38 0.006 2.37 0.016 2.33 0.040 2.248 

0.0781 2.470 2.42 0.010 2.44 0.024 2.37 0.053 2.252 
0.1015 2.526 2.50 0.017 2.39 0.036 2.40 0.081 2.258 
0.1225 2.591 2.54 0.023 2.54 0.045 2.45 0.095 2.262 

p-toluidine 0.0213 2.319 2.31 0.010 2.31 0.010 2.31 0.009 2.237 
in benzene 0.0428 2.367 2.35 0.012 2.32 0.016 2.33 0.020 2.244 

0.0616 2.413 2.37 0.013 2.38 0.018 2.36 0.033 2.249 
0.0916 2.483 2.43 0.018 2.46 0.029 2.40 0.046 2.254 
0.1048 2.523 2.46 0.026 2.4S 0.046 2.4-4 0.058 2.260 



of them, on the other hand. showed the double-relaxation phenomena of reasonable T, and 

-r~ [ 13]. However. our of 18 systems; as shown in tables and figures, eight systems like o

and- m-anisidine and p-toluidine at 3:_86 and 22.06 GHz together with o- and m-toluidinc 

at 2.02 and .3.86 GHz ai·e found to ro:;how 1, and T2. Only p-anisidit~e is·an exception. It 

shows mono-relaxation behaviour at all fi·equencies. This soit of mono-relaxation 

behaviour may equally well be explait~ed by con sideling a distlibution of relaxation times. 

namely a single broad dispersion. Only 't2 values of the "compounds showing mono

relaxation are, however, obtained from the slopes of the straight line equations (such as 

( ~ 5), see later) of (8_0ij -ejj) I (ejj -e00ij) wit~_?j/ (ejj -eooij) having zero intercepts. 

Tite relaxation tinte's '!, since accurate values for mono-substituted anilines a,re not 

available. ai·e also estimated fi·om the slopes of Kjj versus Kjj. Titey may be called the 

most probable relaxation time 'to of the three isomers of anisidine and toluidine. "to is often 

given by 'to= (1 112)
112 where -r 1 and 't2 convey their usual meanings. c1 and c2 in tenns of1 1 

and -r 2 are also calculated fi·om Frohlich's equation [II] as well as by our graphical 

technique. The dipole moments ~t 1 and ~L2 of these three isomers of anisidine and toluidine 

are finally estimated fi·om the sloj)e 13 of their concentration vatiation of UHF 

conductivities Kii at roi ~ 0 and in tenns of the estimated 11 and 'ti in order to establish the 

conformational stmctures of those compounds under investigation 

4.2. Theoretical formulations of c1 and c2 in terms of -~ 1 and -r2 based on .the 

single-frequency method 

Wlten the complex dielectlic constants e*ii is represented as the sum oftwo non

interacting Debye-type dispersions; the dielecttic relaxation by the two extreme values of 

t", t",· and T 2: their relative contributions c, and c2 can. however, be expressed for a polar

non-polar liquid mixture [8] by 

eL - e ·· IJ OOIJ ------ = ........ (4. 1) 
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r~·. 
'I.J 

........ (4.2) 

Such that c1 + c2 == I. All the symbols 'used are of their usual significance. Putting 

' !:\i - f.ooij 
----=X = y 
E Oij - ~: ooij 

with WT '=a and using the abbreviations a = 1/( I + a 2
) arid b = rJ.!( I + a 2 

) the above 

equations (4.1) and (4.2) can be written as 

y = c,b, + c2b2 

where suffices I and 2 with a and bare related to T 1 and 't2 respectively. 

From equations (4.3) and (4.4), since a 2- a 1 :;; 0 and a 2 > a 1 we have 

. 2 
(xa 2 - y) (1: +a 1 ) c I = --- -----· ---- ··--·-- - -----

ct2-ct1 
l 

(y-xa 1 )(I +a~) 
a 2 - a 1 

c = ::2_ 

........ (4.3) 

........ (4.4) 

........ ( 4, 5) 

........ (4.6) 

Now. using the relation c1 + c2 === I; one can easily get the following equation with the help 

of equations (4.5) and (4.6): 

I - X 
--=(a 

y I 

which. on substitution ofthe values ofx, y and a, becomes 

EQij - Ejj . Efj 2 
= (I}(TJ +T2) -' -(I) 1'J't2 

£lj - Eoojj Elj'- Eooij 
........ (4.7) 

Equation (4.7) is simply a straight line relation between(Eoij -r.jj )./ (Ejj-Eeoij) and E{; / 

(r.jj -E00ij) having slope w(T, + T2) an'd intercept - w2
T 1't2 respectively. Herem = 21tf, f 

being the fi·equency of the altemating electtic field in gigahertz. When equation ( 4. 7) is 

fitted with the measured data of Elj, r.jj, EOij and E00ij for different weight fi·actions m1 

(table 4. I) of 011ho, meta and para anisidines and toluidines in benzene at 35"C [ 12) we 

85 



get slopes and intercepts as shown in (table. 4.2) to determine -r 1 and -r 2 for each single 

frequency of2.02. 3.86 and 22.06 GHz electtic fields respectively. The enor as well as the 

conelation coctlicient were also found out for each curve of equation ( 4. 7) and placed in 

table 4.2 only to verifY their lineatity as illustrated graphically in figure 4.1 together with 

the expetimental points upon them. ! 

The Frohlich parameter A as shown in table 4.3 for polar solutes exhibiting the 

double-relaxation phenomena are used to evaluate both x and y of equations ( 4.3) and 

(4.4) in tetms of{J) and the small limiting relaxation time 1, = r 1 by the following equations 

[I I]: 

E~j - ~>ooij 

~>oij - ~>ooij 

I -1 A -1 A- [tan (e ons)- tan (rots)] 

........ (4.8) 

........ (4.9) 

where A::. In (-r~ILJ). TI1e computed values ofx andy are placed in table 4.3 to obtain c1 

and c2 from equations (4.5) and (4.6). ·n1e latter are also shown in table 4.3. Tiw left-hand 

sides of eqtiations (4.1) and (4.2) are really the function of roi of the solutes in a given 
.I • ~. .. 

solvent as shown fi·om the plots of x and y against roi in figures (4.2) and' (4.3) 

respectively. TI1e fixed values of x and y when ro.i ~ 0 for each system. as shown .in table 

(4.3). can then be used to estimate c1 and c2 from equations (4.5) and (4.6) in order to 

compare them with those of Frohlich [II]. The 1' 1 and T2 values· estimated fi·om the slope 

and intercept of equation ( 4. 7) for each solute, when substituted on the right-hand sides of 

equations (4.1) and (4.2). suggest the limiting values ofx andy as obtained fi·om figures 

4.2 and (4.3) at infinite dilution. 

4.3. Estimntcd ~Lt and ~Lz from UHF conductivity Ki.l in terms of r 1 and 1 2 

The UHF conductivity Kii is given by Murphy and Morgan [ 14] as 

K 
(J) ,2 ,2 .12 .. = - (£.. + c" ) 

IJ 41t IJ IJ ........ (4.10) 
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Figure 4.1 Variation of (Eotj - E
1 
ij)/(E' iJ - Eooij) against £" /(E' ij - Eooij) at 35°C 

for different weight fraction ro1 for the polar-non-polar 
liquid-mixture at (table 4.2): (I) o-anisidine at 3.86 GHz (o ); 
(II) o-anisidine at 22.06 GHz (L\); (III) m-anisidine at 3.86 
GHz (D); (IV) m-anisidine at 22.06 GHz (•); (y) o-toluidine 
at 2.02 GHz {•); (VI) m-toluidine at 3.86 GHz (A); (VII) p
toluidine at 3.86 GHz (0); and (VIII) p.:.toluidine at 22.05 
GHz (*). 



Table4.2 The intercepts and the slopes of the straight line curves of (~>oij·~>' ij)/(a' ii- s,ij) against~::" ij /(~::' ij -s,;.i) of anisidines and toluidines at 

35"C to estimate the relaxation times • 1 (smaller) and • 2 (larger) with respective errors and correlation coefficients involved in the 

I calculations as well as their estimated .; . 
System with Frequency Intercept and slope of Estimated relaxation Correlation %error Estimated T! x 101

! due 
molecular fin GHz (Eo;j -E

1
(j)/(E';j- Ez;j) times coefficient involved in relaxation to single 

wt Mj in gm. versus- E";.i /(~::';i -Ez;j) ~ p calculation time broad T1 X J S & T2 X 10 -s r 
curve T 11 X 1012 

S dispersion 

o-anisidine i 2.02 -0.0596 0.3759 - 39.10 0.1082 29.81 6.02 96.83 
M·= 123 J 3.86 0.0179 1.4360 0.52 58.72 0.3021 27.41 5.89 

22.06 0.5406 3.6741 1.11 25.41 0.8274 9.52 1.61 

.. 

m-anisidine 2.02 -0.2109 -0.4703 - 22.13 -0.2588 28.14 11.87 120.9 
M.i = 123 3.86 -1.1404 5.5485 8.82 220.07 -0.9999 0 8.46 

22.06 0.7318 3.1447 1.83 20.87 0.9805 1.16 3.88 

p-anisidine 2.02 -0.2406 -2.1899 - 8.27 -0.7375 13.75 6.64 61.63 
M.i= 123 3.86 -0.4927 -2.2136 - 8.41 -0.4782 23.27 6.53 3-UI 

22.06 -1.2868 -1.2818 - 4.77 -0.3395 26.69 3.15 9.91 

o-toluidine 2.02 0.0773 2.0910 2.97 161.86 0.0743 33.54 5.01 
M.i= 107 3.86 -0.5925 -2.3787 - 9.38 -0.6779 16.30 6.84 35.94 

2206 4 . -0.4603 0.6684 - 7.87 0.3732 25.96 4.06 8.76 

m-toluidine 2.02 -0.4062 -3.0101 - 10.20 -0.5757 20.17 8. 70 258.61 
M·= 107 J 3.86 0.2938 4.5092 2.73 183.29 0.8469 8.53 6. 78 

22.06 -1.2064 -0.6295 - 5.98 -0.3213 27.05 3.42 13.31 

p-toluidine 2.02 -0.6655 -3.5127 - 14.21 -0.5101 22.31 4.08 167.73 
M.i = 107 3.86 0.31-1-9 3.+446 3.88 138.22 0.6477 17.51 5.15 

22.06 0.0821 1.9151 0.32 13.51 0.9408 3.47 2.91 
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polar liquid mixture at 35°C (table 4.3): CD o-anisidine at 3.86 GHz (o); (II) o
anisidine at 22.06 GHz (Ll); (Ill) m-anisidine at 3.86 GHz (LJ); (IV) m-anisidine at 
22.06 GHz (e); (V) a-toluidine at 2.02 GHz (•); (VI) m-toluidine at 3.86 GHz (.A.); 
(VIl) p-toluidine at 3.86 GHz (Q); and (VIII) p-toluidine at 22.06 GHz (*). 
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Plot of Efj I ( EQjj - eooij) against weight fraction roj for the polar-non-polar liquid 

mixture at 35°C (table 4.3): (I) o-anisidine at 3.86 GHz (o); (IT) o-anisidine at 22.06 
GHz (6); (Ill) m-anisidine at 3.86 GHz ( fJ); (IV) m-anisidine at 22.06 GHz (e); (V) 
o-toluidine at 2.02 GHz (•); (VI) m-toluidine at 3.86 GHz (A); (VII) p-toluidine at 
3.86 GHz (~);and (VIII) p-toluidine at 22.06 GHz (*) 



Table -t3 H1e relative contributions c1 and c2 towars dielectric (elaxation, Frohlich parameters A(~ In (T~ I 1 1) together with the estimatd 

values of x andy due to Frohlich equations (equations (4.8) and (4.9) and those by our graph1cal techniques (figures 4.2 and 4.3) 
System \vith Frequency Frohlich Theoretical values of x Theoretical values Estimated values of Estimated values of c1 

Sl. No. in GHz parameter A andy using c 1 and c2 
[ z' -r.~ I and c:! from figures 4.2 

=In (<2 I T 1) equations X = . and-U 
(4.8) and (4.9) . G(l- Ex.' 

. ,., I -40 

c1 and c2 

V=(r."/r.n-E" )u . . ... --)- () 
. 1 

• 
o-anisidine 3.86 4.7267 0.8829 0.1999 0.7491 0.4051 0.942 0.072 0.8995 0.1278 

2 o-anisidine 22.06 3.1308 0.589-1- 0.3645 0.5200 1.0893 0.840 0.117 0.8636 -0.048-1-

3 m-anisidine 3.86 3.2169 0.4811 0.3~50 0.4496 1.5081 1.017 0.132 1.081 -0.4915 
i 

4 m-anisidine 22.06 2.4340 0.5534 0.4063 0.4816 0.9439 0.828 0.221 0.8767 0.0393 

5 a-toluidine 2.02 3.9982 0.7936 0.2699 0.6755 0.6212 1.086 0.066 1 075! 0.064Q 

6 m-toluidine 3.86 4.2067 0.6401 0.3049 0.5827 1.2441 0.834 0.014 0.8471 -0.1952 

7 p-toluidine 3.86 3.5730 0.6509 0.3320 0.5727 1.0167 1.050 0.048 1.0750 -0.1905 

8 p-toluidine 22.06 3.7428 0.7992 0.2766 0.6685 0.5943 0.948 0.036 0.9532 -0.0149 



namely as a fimction of coi of a polar solute. In the UHF electric field. although 

E:'. << E: .. theE:'. te1m still offers resistance to polarization. Tims the real part" K:. of the 
lj l.J . l.J l.J 

UHF conductivity of a polar-non-polar liquid mixture at T K is [ 15] 

K:. 
1J 

2 
~l· N p .. F .. 

.J IJ lj 

3M jkT 

which on differentiation with respect to ro.i and for ro.i ~ 0 yields that 

(dKjj] = ~tJNPli [ ro2r l 
l droJ· 3 MJ·kT 1 + ro2r2 

(l)j ~ 0 

........ (4.11) 

where M.i is the molecular weight of a polar solute. N is Avogadro's number, k is the 

Boltzmann constant, the local field F .. == _!_(E .. + 2)2 , becomes F. = _!_(E. + 2)2 . 
IJ 9 IJ 1 9 1 

and the density p;i ~ p; the density ofthe solvent at coi ~ 0. . . 

or 

' 

Again the total UHF conductivity Ki.i = roE';jl4n can be written as 

K .. = K.. + _I K~. 
IJ IJ 00 COT IJ 

[
dK'·l IJ 

d co. Jj(l)· ~0 
.1 

(d K .. ·J 
::= (l)'t l __ l_J 

d co. 
Jro·~O 

J 

........ (4.12) 

where~ is the slope of the K;.i- Wj cu1ve at m.i ~ 0. From equations ( 4. II) and ( 4.12) we 

thus get 

........ (4.13) 

as the dipole moments ~l1 and ~l2 in terms ofb, where b is a dimensionle~s parameter given 
i 

br j 
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........ (4.14) 

. 
for 1 0• 1 1 and 1 2 . Tite computed values of~to, ~l1 and ~L2 with bare given in table 4.4 

4.4. Results and discussion 

Figure 4.1 represents 1 the fitted· straight line cu1ves between 

(En:·-&~-) 1 (s~-- & ··'and s~- I(&~- - e · )for different.weight fraction ro·, of o-anisidine m-.-"-\J IJ I}. :>:!J-L' -·- IJ IJ C()IJ . . ' 

anisidine and p-toluidine for 3.86 and 22.06 GHz, and for a-toluidine and m-tolui~ine at 
I 

2.02 and 3.86 GHz respectively, together with their experimental points. (table 4.1 ). The 

ro.i for the compounds in be1izene we~·e, however, calculated fi·om the experimental mole 

. fractions x; and ~; of solvent and solutes of molecular weights M; and M_; respectively by 

using the relation [ 16] 

CO• = 
J 

X·M· 
.I .I 

x-M· +x-M-
' I . J .J 

The conelation coefficients r for each 'cmve were also calculated to confi1m their linearity. 

Some of the coefficients were found to be negative only due to their negative slopes, as a 

is evidenced fi·om table 4.2. TI1e percentage of error involved in the calculation was found 

for each cmve. The slop.e· and intercept of equation (4.7) for each straight line were, 

however, used to determine 11 and 't2 for each compound as shown in table 4.2. Although 

equation ( 4. 7) is based on assumption of the existence of 1 1 and 1 2, the mono-relaxation 

behaviour showing only 12 for some compounds at different fi·equencies of the electric 

field may be equally explained by taking into account a single braod dispersion. TI1e 

resulting equation ( 4. 7) becomes, when t 1 = 0,. 

f:Ojj - E~j 

E1·- E .. I.J OOIJ 
........ (4.15) ·' 

which may also be derived by using c1 = 0 in equations ( 4. I) and ( 4. 2) of -~ection 4:2. 

Equation ( 4. 15) for ten different fi·equencies of the electric field was then used to obtail1 t 2 · 

values, which are shown in the last column of table 4.2 for compatison. It is, however, 

interesting to note that the agreement is closer with 1 2 values obtained fi·om the method of'- . 



Tahlt· -t4 Estmwted slope f3 of !\.;_, - c·J 1 equations with % of error involved. the dimensionless parameters b .. , b1• b~ 111 terms of most probable 
relaxation time To, relaxation time due to flexible part T1 and the same due to end-over end rotation of the molecule T2: corresponding 

estimated dipole moments Po- p 1 and p2 together with the theoretical values of ll•hc" from bond angles and bond moments and 

estimated values of ~1 1 from ~1 1 = ~~~ (c/c:) 112 respectively. 
S\'skm · . Frequency Slope p x I 0111 

~ o error Dimensionless garameters Estimated TI1eoreti.:al ~~, Estimated 
Ill or K,_;- w,; im•olved I I I dipole moments in D ti·om ~~~ 111 D ti·om 
GHz equations Ill bo = ~ J : bl = "') "') : b2 = J "') (in Debvel bond angle ~t 1 =~t1 (c,lc1 )

1
: 

calculation l+w-, 0 l+w~<] I +uJ- 1::; 
Pu PI p~ and bond 

moment 

o-anisidine 2.02 0.1620 0.40 0.9942 0.8026 1.39 1.54 

3.86 0.1786 0.41 0.9800 0.9998 0.3119 1.06 1.05 1.88 1.02 2.56 

22.06 0.3870 I. 0 I 0.9526 0.9769 0.0747 0.66 0.65 2.37 1.64 

m-anisidine 2.02 0.3347 0.18 0.9778 0.9269 2.01 2.07 

3.86 0.2311 2.06 0.9596 0.9563 0.0339 1.22 1.22 6.49 1.6:' 3.:'4 

22.06 2.2841 0.08 0.7758 0.9396 0.1068 1.78 1.62 4.81 3.44 

p-anisidine 2.02 0.3380 0.35 0.9930 0.9891 2.01 2.01 

3.86 0.6473 0.09 0.9756 0.9601 2.03 2.04 1.89 

22.06 2.8513 0.31 0.8400 0.6960 I. 91 2.10 

o-toluidine 2.02 0.2097 0.26 0.9960 0.9986 0.1917 1.47 1.47 3.35 3.49 

3.86 0.5507 0 . .37 0.9732 0.9508 1.74 1.76 1.39 

2206 1.3618 0.09 0.7597 0.4569 1.29 1.67 

m-toluidine 2.02 0.2359 0.39 0.9879 0.9835 1.56 1.57 

3.86 0.4889 1.82 0.9737 0.9956 0.0482 1.64 1.63 7.38 1.03 5.05 

22.06 0.9826 1.30 0.8167 0.5930 1.06 1.24 

p-toluidine 2.02 0.0906 0.21 0.9973 0.9912 0.9685 0.97 0.98 

3.86 0.1583 0.44 0.1873 0.9980 0.0818 2.13 0.93 3.23 1.54 2.42 

22.06 1.2927 0.34 0.8602 0.2221 1.19 1.10 2.34 2.48 
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Figure 4.4 Concentration variation. of ultra-high frequency conductivity: 
KiJ of mono-substituted anilines at 35°C: (I) o-anisidine at 
3.86 GHz (o); (II) o-a.nisidine at 22.06 GHz (~); (III) m- · 
anisidine at 3.86 GHz (D ); (IV) m-anisidine at 22.06 GHz 
(•); (V) o-toluidine at 2.02 GHz (*); (VI) m-toluidine at 3.86 
GHz (4-); (VII) p-toluidine at 3.86 GHz (EB); and (VIII) p
toluidine at 22.06 GHz (~) 



doubl~-relaxa~ ion phenomena. as the n·equcncy of the electric field increases fhmt 2.02 t.o 

22.06 GHz. The most probable relaxation time To. as accurate values for these mono

substituted anilines are not available; was also calculated fi·om the slope m of the linear 

plot of imaginary K";i versus the real K'ii parts of the complex conductivity K\ under 

UHF electric field in the relation: 

K~. = 1(.. + ···-1 
K' 

rJ r.J 00 (I)"'C S IJ 
(4:16) 

where To = 1/(21tfin). They are seen to conespond to the relation To = (T 1id 112 

approximately. which gives 5.53, 5.31, 44.06, 6.18, 21.93. 22.37. 23.16 and 4.32 ps 

respectively for the mono-substituted anilines showing the double-relaxation phenomena 

at different fi·equencies of the applied electtic field. Some of these relaxation times are 

reasonably good. Tite estit1utted values ofT1, T~ and To are all given in table 4.2 

It is found in table -L2 that m-anisidine, m-and p-toluidines at 3.86 GHz and o-

toluidine at 2.02 GHz show considerably high values ·ofT 1 in the range 9-3 ps; while their 

-r2 values are comparatively much larger in the range 220-138 ps. TI1is fact confinns that, 

under such fi·equencies of altcmating ·electlic field, the flexible parts are loosely bound to 
I 

the parent molecules. They. therefore. require longer times to accommodate their flexible 

parts towards dielectric relaxation as shown by c2 values in table 4.3 being greater than 

unity. The other molecules like o-anisidine at 3.86 and 22.06 GHz arid m-anisidine and p

toluidine at 22.06 GHz show very small values of -r 1. often less than or equal to unity, 

\vhile their T~ ,·alues are more or less consiste1tt with the expected ,,.alues that arc often 

observed in the literature. 'However, p-anisidine shows the mono-relaxation behaviour at 

all fi·equencies by showing only "t2 in agreement with To. Hence p-anisidine unlike p

toluidine appears to he highly tigid at all the expetimental fi·equencies. TI1e o-and m

anisidines at 2.02 GHz. o-toluidine at 3.86 and 22.06 GHz. m-toluidine at 2.02 and 22.06 

GHz and p-toluidine at 2.02 GHz exhibit the mono-relaxation behaviour in yielding -r2 

values in agreement with our To values. TI1ey indicate their tigidity at those fi·equencies. 

When the dielectric relaxation data are extended to 9. 945 GHz [ 13] it is really interesting 

to note that a II these mono-substitute~! anilines show T 1 and -r 2 . in close agreement with 

the expected literature values. This fac:t establishes that an X-band microwave electric field. 

GS 



' 
is actually the most effectiYe dispers:1ve region for highly non-spherical polar molecules 

like mono-or disubstituted aniline and~ benzene respectively [I 0]. 

The c1 and c:2 values were alsc, calculated fi·om the values of:x andy in Frohlich's 

equations (4.8) and (4.9) with t1 = T,(tahle 4.2) and Frohlich's parameter A. where A= 
I 

In {t:2/ r 1 ). They are given in table 4.3 together with those values obtained from the 

graphical tedmique of determinatimi of x and y fi·om figures 4.2 and 4,3 at infinite 

dilution. l11e expetimental x and y values on the left-hand sides of equations 4.1 and 4.2 as 

plotted with different co.i in figures 4.2 and 4.3 show the usual decrease in x while the latter 

increases with C1l; in concave and convex ways respectively indicating the values oft 1 and 

t2 as a fimction of concentration l5l t 1 and t2. -as obtained fi~om the slope and intercept of 

equation ( 4. 7) for a polar-non-polar liquid mix1ure are, therefore, fixed for ·.a polar 

compound in con~istency with the dght-hand -~ides of equations {4.1) and (4.2). l1te 

values of c1 by Frohlich's. method are found to be less than unity while c2 values are 
. . ~-

greater than and nearly equal to unity. The graphical technique adopted here yields the 

opposite results by showing c1;::: I. 0 aJ~d c2 ve1y smalL often becoming negative {table 4.3 ), 

probably due to ine1tia [I 0]. The valpes of c1 and Cz in table 4.3 suggest that the two 

double-relaxa1ion phenomena are not equally probable. 

l11e UHF K;.i as a function of co_; for the following mono-substituted anilines -. 

showing r 1 and t2, were. however, arrived at: 

(i) o-anisidine at 3.86 GHz: K;_; x \0"
10 =: 0.4398 + 0.1786roi + 1.9381(1l_; 

(ii) o-anisidine at 22.06 GHz: K;.i x 10" 10 
=- 2.5112 + 0.3870 c;); + 13.0 II oli 

(iii) m-anisidine at 3.86 GHz: K;; :x I 0" 10 
== 0.4438 + 0.23llm; + 2.9354 o>2

; 

(iv) m-anisidine at 22.06 GHz: K;.i x 10"10 
= 2.4896 + 2.2841 CD_;-~ 4.7796 cD2

; 

(v) a-toluidine at 2.02 GHz: K;.i x I 0" 10 
= 0.2294 + 0.2097co; + 0.5641 ol; 

(vi) m- toluidine at 3.86 GHz: K;j X I 0" 10 
= 0.4326 + 0.4889m,; - 0. 1380(1)2i 

(vii) p-toluidine at 3.86 GHz: K;; x 10" 10 = 0.4402 + 0. 1583oJ_; + 2.1467(1)2
_; and 

{viii) p-toluidine at 22.06 Gl-lz: K;; x 10- 10 
= 2.5063 + 1.2927mi + 4.5909(1)2

; 

which arc sho\Vlt graphically in figure ·i.4. together with the experimental points upon the 

curves. The slopes of Ki.i - C!l; cwves at'e. however, listed in table 4.4. together with those 
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Figure 4.5 Conformational structures of anisidines and toluidines in. 
ortho, meta and para forms: (i) o-anisidine, (ii) m-anisidine, 
(iii) p-anisidine, (iv) o-toluidine, (v) m-toluidine and (vi) p
toluidine. 



of the other ten K;rw.i equations showing the monorelaxation behaviour. The percentage 

of enor in computation of K;(Wi equt~.tions are also shoWll in table 4.4. TI1e slopes 13 are 

finally used to estimate ~t 1 and p2 from equations ( 4. 13) and ( 4. 14) in terms of r 1 and r 2 

as presented in table 4.2. The dimensionless parameters ho. b, and b1 in terms of1'o, r 1 and 

1': are also given in table 4.4. 

An attempt was made to estimate fi·om the available bond moments and bond · · 

angles the theoretical ~l vaiucs of the polar liquids, assuming the molecules to be planar. 

The bond moments and bond angles of C ~ OCH:\ in ansidine and C f- CH:\ in toluidine 

are 1.32 D. 0.37 D and 57''. 180" with respect to the benzene ring while those of C ~ 

NH2 are 1.48 D and 142" respectively [ 17]. TI1e conformational sttuctures thus obtained 

by the vector addition method for anisidine and toluidine in their mtho; meta and para 

fonns are displayed in figure 4.5. TI1e, estimated ~Li are given in table 4.4. with those of 

p ~, where p 1 = ~t 2 ( c1/c2) 
112 assuming that the two relaxation phenomena are equally 

probable. TI1e close agreement of ~l va11ues as show11 in table 4.4 3t once iudicates that the 

method as suggested is a simple straightforward and unique one. 

4.5 Conclusion 

TI1e determination of slope and intercept of the delived linear equation (equation 4. 7) 

in\·olnd with a single UHF dielectric relaxation parameters of a polar-non-pqlar liquid 
. . 

mixture at diflerent wi and at a given temperature in degrees Celsius is an analytical and·· 

reliable method to calculate 1' 1 and 't2 of the flexible patt as well as of the whole molecule 

itself TI1e relative contributions c1 anct c2 towards dielectric relaxations in tenns of r 1 ang 

t 2 can be calculated by using Fri::'lhlich's equations. TI1e graphical techniques used are also 

conYenient tools to estimate c, and c2. The dipole moments ~l1 and P2 in tenns of1' 1 and 1'2, 

and fi·om the slope 13 of the concentration variation of K;.i of polar-non-polar liquid 

mixtures. throw much light on the stmctural conformation of a complex po.lar liquid under 

investigation. The methodology so fa~; advanced seems to be a significant imp1·ovement 

O\'er the existing ones in that it allO\vs estimation of correlation coellicients between .the 

data used and the percentage of error ultroduced in the obtained results. The procedure is 



thus simple. straightforward and required less computational \VOrk than the existing 

methods. in \\hich experimental data of a pure polar liquid at t\VO or more electric tield 

fi·equencies are usually needed. 
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