
CHAPTER VI 

THEORETICAL RELAXATION TIME OF ASSOCIATED BINARY POLAR MIXTURE IN 

NON-POLAR SOLVENT 



.. ' ~ 

6.1 Introduction: 

Study of d1electric relaxat1on phenomenon of a m1xture of 

two polar liquids in dilute solution of a non-polar solvent under 

ultra-high frequency electric field IS of considerable interest 

as it throws much light on the presence of various types of 

molecular associations. It also indicates the possibility of 

having optimum binary system corresponding to a des~red physical 

property for a binary polar mixture of both associat1ng 

components in a solvent. Schallamach (1946), from his study of 

temperature dependence of mixtures of polar molecules under radio 

frequency electric field, concluded that the 

relaxation in mixtures involves a rearrangement of 

dielectric 

relatively 

large region and if the components in a mixture are both 

associating or both non-associating, the dielectric behaviour 

appears to be correspond to a single relaxation process. 

When a dipolar mixture is studied in a dilute solution its 

complex dielectric constant is represented by a weighted sum of 

the complex dielectric constants of individual components <Forest 

and Smyth 

constants, 

1965). Therefore the 

dielectric loss and 

dependence 

relaxation 

concentration of the components should show 

of dielectric 

time on the 

linearity 

absence of solute-solute type of molecular association 

in the 

in the 

solution. The occurrence of polar molecular association results 

in relaxation time considerably higher than those for 
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unassoc1ated molecules \Crdssley 1971~ Shama et al 1984~ 1985, 

1992). In these cases the dielectric behavior of the m1xtures is 

ma1nly governed by the resulting molecular spec1es. 

Recently Yadav and Gandhi <1993> have proposed a theoretical 

relation for calc0lating relaxation time T . of binary 
muc 

mi:<ture in dilute solut1on of non-polar solvent from 

polar 

the 

knowledge of the relaxation of the const1tuent component. Madan 

<1980, 1987) has also formulated two theoretical ~-elations fOl-

computing relaxation time of binary polar mixture. The methods 

give the theoretical T . values which lie between the values of 
muc 

the individual components~ but are unable to predict 

values of mixtures where solute-solute associations 

the T . 
mLX 

In this chapter we proposed a theoretical formulation for 

calculating relaxation times of polar mixtures of two associating 

liquids in non-polar solvent where solute-solute type of 

molecular associations~-~ really h~ppened. 

6.2. Theoretical Formulations: · 

Debye (1929) has shown that for systems~ which can be 

characterized by a single relaxation timei the complex dielectric 

• constant & is r~lated to the relaxation time T by 

• & 

& 
0 

& 
Ot 

& 
Ot 

= 1 
~·········(6.1) 1 +JWT 
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where c and c are the dielectric constants of the polar 
a o 

component at infinite frequency and stat1c field respe~t1vely . 

Substituting • c = c•- J c• • ' we have from real and imag1nary parts 

WT = c• • 
£ £ a 

••••••••• (6.2) 

If Tj and Tk ar~ the relaxat1on times of polar 

and T~ that ~f their mixture in a non-polar solvent, 

(6.2> we can write, 

components 

eq 

(&)T, = 
J 

WTk = 

WTjk = 

c• • 
l j 

c• • 
U: 

c• ~ j k 

£ l jk- £ Otljk 

•••••••••• (6.3) 

•••••••••• (6.4) 

•••••••••. (6.5) 

Now if the internal field of a polar mixture would not be much 

different from the internal field of its components, then it can 

be written as 

c• = )t c• · + )t c• 
ljk j lj Jc LJc 

••••••••••••• < 6. 6a > · 

& =x& +x& 
aijJc j aij Jc aile 

••••••••••••• ( 6 • 6b ) 

and X £'' + X £'' 
j ij Jc LJc 

••••••••••••• < 6. 6c > 
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where x. and 
J 

at-e mole fractions of the respectives solutes in 

the polar mixtures. 

It has been found in dilute solutions of solute in 

non-polar solvent that the dielectric constants and loss 

proportional to the solute concentration <Hassel et al 1964) i.e. 

£' = £ + a'.w. ... . . . . . . . . . . <6.7a> 
i.j i. J J 

£ = £ + a .w. . .. . . . . . .... . (6.7b> 
Oti. j i. OJ J 

and £'. = a'. • w. . .. . .. . . . . . . . {6.7c> 
lj J J 

where £. 1s the d1electric constant of the solvent. 
L 

Substituting eq. (6.6) in eq (6.5) and using eqs (6.3)' 

(6.4) and (6.7) we obta1n the relaxation time of polar mixture in 

dilute solution as 

T. + X Tk a 

TjJ,: = J ....•.•..... (6.8) 1 + X a 

a • • + X a•• 
j . k 

01- Tjk = .•..•.•..... (6.9) a ale j 
+ X 

T 
j Tk 

xk a• a 
where and Jc ale 

X = a = X. a'. J a 
Ctj J 
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The relation (6.8) or ( 6. 9) gIves the T jlc values of 

mixtures which are average .of the individual components. 

relation is not fitted to the solutions of two associating 

mixtures where T~ become higher than the average 

solute -solute associations. 

value due 

The 

to 

The assumption of linear variations of dielectric constants 

and loss with concentration, as given by eq <6.6>, are not true 

for associating-associatlng polar mixtures. An examinat1on of the 

dielectric constants and loss values of both associating binary 

polar mixtures in a non-polar solvent shows that the &' and & a 

values first decrease with the concentration and then i ncn:?ase 

whereas&'' first increase and then decrease. We can represent 

these variations by the equations: 

&' = X.&' + ( 1 - X.) c:~~: .... . . . . . (6.10a> 
ijll: J i j J 

& = X.& .. + ( 1 - X.) & 
ad: 

••••••••• < 6. 1 Ob ) 
ai jlc J 'CtlJ J 

2. ., . ' 

and &'I :::: X.&'~ + ( 1 - X ) &' , ..... .... ( 6. 1 Oc > 
ijlc J 'Lj j i.Jc 

Substituting eqs (6.10> in eq (6.5> with 

(6.7) we get 

eqs . ( 6. 3) , (6.4) and 
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X. 

Tj)c = J 

T j)c = 
)(_ 

J 

= <a, 
)c 

T. 
J 

a, , 
j 

( 1 2 
+ )(_ 

J 
2 

X. + )(k.:> 
J 

+ (_ 1 -
2 

)(_ 

2 a. 
)(. __L_ 

J 
T. 

J 

J 

a ) I 
ak 

<a, 
j 

T a 
k 

a , , 
lc 

+ )( 
)c 

a . ) 
OlJ 

....•.•.. (6.11) 

.•....... <6.12) 

Tic 

The eq ( 6. 11 ) (6.12) may be used to calculate the 

theoretical values of relaxat1on time of m1xture of · two 

associating polar liquids in a non-polar solvent in terms of· 

individual relaxation time. X. = · 1 
J 

For eq. < 6. 11 ) or (6.12) 

reduces to T = 
jk 

Tj and for xj = 0 the equation gives Tjlc= The 

slopes of the linear plots of dielectric constants or loss 

against concentration, as given by eq.<6.7>, be used to calculate 

Tjk from eq. (6.11) or (6.12> with the advantage that individual 

errors in particular values of dielectric constants and loss are 

minimized. 

6.3 Results and Discussion: 

The simple theoretical relations for calculating T jk' 

tested by six selected polar 

which 

are developed here, have been 

mi xtUI-es of two associating liquids containing forty one 

compositions in dilute solution of non-polar solvent using 

available dielectric relaxation data in the literature <Sharma et 
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al 1984, 1985, 19~2>. The theoretical values of Tjk calculated 

by the eqs (6.9) and (6.12> ·using T. 
J 

and Tk of the individual 

components and the slopes a~' and a'' of the linear variat1ons oT 
J Jc 

d1electric loss aga1nst weight fract1on, are placed in lable 

6.1 along with a, , 
j 

and a, , 
Jc • 

The development of suitable theoretical relation is of 

consideJ-able impm-tance fm- obtaining information about the 

relaxat1on phenomena of binary polar mixtures as well as for the 

formulation of adequate models of dielectric liquid relaxation. 

The eq.<6.8> or (6.9) has been developed with the assumption that 

the internal f1eld of the pure component would not be different 

from the internal field of the mixture and &~jlc' • d , , & , . , an & . . ,_ , 
OlLJK LJIC 

can be expressed by a simple mixing relation as in eq.<6.6). This 

relation is not different from the relat1on recently developed by 

Yadav and Gandhi (1993>. The Tjlc values of the systems, 

calculated by eq.(6.9>, are always within Tjand Tic values and are 

ve1-y close to the average values obta1ned by the equation 

Tjlc = ~jTj. + xlcTk , as shown Table 6. 1. These values show 

relatively large deviations from the experimental values <Table 

6.1> for the systems studied. The relations to compute Tjlc given 

by Madan (1980, 1987) also yield the values wh1ch lie between the 

T values of the individual components. These relations are not 

applicable to the polar mixtures of both associating solutes in 

dilute solution where Tjlc values are expected to be higher than 

the average values due to increase in size in rotating unit as a 
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• Table 6.1 Theoretical relaxation t1me tT~) of binary polar mixtures in benzene w1th 

experimental o~es at i5°C 

Rela:<ation T1me In F' Sec 
1'1 i :< tUl-es X. a., '. a, , Computed Tjlc = Computed E:-:per1mental 

J J lc fl-am fl-am 
X .T. + XlcTlc 

Tjlc 
eq<6.9) J J eq(6.121 

Dimethyl 1.0 7.01 7.01 7.01 7.01 

fol-mide 0.9 6.96 6.91 7.98 'J. 87 

<DMF) 0.7 6.85 6.71 10.05 9.83 

+ 0.5 10.9381 4.1223 6.70 6.51 11.67 12.87 

Methyl 0.3 6.50 6.30 11.32 11.70 

alcohol 0. 1 6.20 6.10 8. 16 8 . .:,>4 

<MeDH> 0.0 6.00 6.00 6.00 6. (l(l 

1 .00 7.01 7.01 7.01 7.Ul 

0.95 6.84 6.83 7.34 7.'-13 

DMF 0.90 6.67 6.64 7.64 7.94 

+ 0.70 5.98 5.91 8.47 10. 7.3 

Acetone 0.50 10.9381 4.7975 5.26 5. 18. 8.21 13.34 

<AC) 0.30 4.52 4.45 6.70 8.76 

0. 10 3.75 3.72 4.48 5. 17 

0.00 3.35 3. 3::, 3.35 3.35 
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Table 6. 1 <continued) 

Relaxat1on T1me In F· Sec 
Mix tLll-es X. a,'. a,, Computed TjJc = Computed E:·:pel- 1 menta 1 

J J Jc from fl-om 
X .T. + XJcTJc Tjk 

eq(6.9) J J eq ( 6. 12) 

1. 0 7.01 7.01 7.01 7.01 

DMF 0.9 6.89 6.91 8.28 10.78 

+ 0.7 6.67 6.72 10.12 8.94 

Acetonitl-ile 0.5 10.9381 11.6772 6.47 6.53 10.49 8.4? 

<AN> 0.3 6.29 6.33 9.31 8.23 

0. 1 6. 12 6. 14 7.21 7.78 

0.0 6.04 6.04 6.04 6.04" 

AC 1. 0 5.08 5.08 5.(18 5. !)8 

+ 0.7 5.07 5.07 7.'72 7.98 

DimethylsLt- 0.5 16.7589 9.8830 5.06 5.06 8. 18 11.27 

lpho:dde 0.3 5.05 5.05 7.::-;3 4.46 

<DMSO) 0.0 5.03 5.03 5.03 5.03 
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Table 6.1 (continued) 

Mi:-:ti.tl-es X. 
J 

.a, '. 
J 

a, , 
lc 

1.0 

DMF 0.9 

+ 0.7 10.9381 10.3073 

Tetl-amethy 1 u- 0.5 

,-ea <TMU> 0.3 

0. 1 

0.0 

1. 0 

0.9 

DMF 0.7 

+ 0.5 10.9381 9.4159 

Dimethylacet- 0.3 

amide 0. 1 

<DMA) 0.0 

Rela:<~tlon T1me 
Computed T.k = 

from J 
eq(6.9) XjTj+ XlcTic 

7.01 7.01 

7.25 7.39 

7.79 8. 1 '+ 

8.4'+ 8.89 

9.22 9.64 

10. 19 10.39 

10.77 10.77 

7.01 7.01 

7. 14 7.20 

7.'+4 7.58 

7.77 7.96 

8. 17 8.33 

8.63 8.71 

8.90 8.90 

In f!· Sec 
Computed 

fl-om 
eq < 6. 12) 

7.01 

8.68 

12.28 

15.20 

15.62 

12.88 

10.77 

7.01 

8.49 

11.52 

13.63 

13.'+5 

10.76 

8.90 

E:·:pel- i menta 1 

Tjlc 

7.01 

10.91 

11.99 

17.73 

1::•.47 

12.07 

10.77 

7.01 

7.56 

9. 19 

10.72 

'7'.83 

9. 11 

8.'7'0 

* For AC + DMSO mixtur~ temperature is 25°C and solvent is carbon tetrachlor1de 
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result of solute-solute m6l~cular association. 

The Internal f1eld of polar mixture depends upon the d1pole 

moments of Its components and dipole-dipole Intel-actions. Hence 

the internal field of a.ssoc i a ted m I:-: tLu-es 1n non-polal-

solvent may be expected to be different from the 1 nten1al field 

of Individual components. This change in internal 

the reason of non-linear variation of d1electric constants and 

loss against concentrat1on in the polar as given by 

eq.<6.10>. The eq.<6.12J formulated with the above assumption~ 

has been used to calculated\Tjk of the systems. These values 

close to the experimental values for most of the systems. The 

deviations of the theoretical Tjk values the e:<pel- imental 

ones~ that have been appeared in case of some systems~ 

appreciably less than the deviations of Tjk values calculated by 

othel- methods. These theoretical T. values are 
Jk 

plotted against 

mole fractions of one of the components·in six binary mixtures 

containing both associated solute in dilute solution as shown in 

Fig 6.1. The figure shows that the relaxation time increases from 

Tj at ~k = 0.0 as is Increased and reaching peak values 

decreases and finally drop to at = all thf? 

mixtUl-es. These (Fig 6 .1> indicate the presence of 

associated solutes due to solute-solute molecular association and 

the molecular association is maximum through a small region of ~k 

which is consistent with the experimental results <Sharma et al 

1984, 1985~ 1992). In most of the systems the region of rna:{ imum 
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Fig. IS.l - Variatione of theor~tical y" aga_inst 
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molecular associations as given by the theoret1cal curves agree 

well with results given by Sharma et al (1984~ 1985~ 1992) on the 

basis of experimental Tjk It is thus obv1uus from 

that the predictions-of Tjk values calculated by eq 

the ,-esu l ts 

t 6 . 12 > ~ wh i c h 

is based on Debye <1929) ~quation~ for a polar mixture containing 

two associating liquids in a non-polar solvent than 

those by the other methods. 
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