
Chspter III 

Investigations on dielectric studies 1n some rotational 

isomeric molecules 



l. Introduction : 

In the previous chapters from the inve!Stigations on the 

absorption ot microwaves by rotational isomeric molecules of 

1,2-dihaloeth&le and l-chloro-2-bromoethane (Hasan et al.1 ; Ghatak 

et al.2) 1n the liquid state 1t was observed that the activation 

energy for dielectric relaxation ( 6Hz ) in each case has got a 

close parallelism with the difference in the values of electrostatic 

potential energy of the polar trans and gauche isomers in the 

liquid state and also their electrostatic potential energy 

difference was almont equal to the amount of lowering of the energy 

difference between the trans and gauche isomers from the vapour to 

the liquid state as was pointed out by ada3. Similar investigations 

in the case of 1,2-dichloro-, 1,2-dibromo- and 1,2-propanedithiol 

in 1.62 em, 3.17 em and 3.49 em microwave r ee1ons were made and 

the results are discussed. in this chapter. 

2. Results : 

The values of f:.' l:.'1 
... 0 end i •· at different 

temperatures for all the liquids are given 1n Table l. The dielectric 

data were fitted in Cole-Cole arc plots for each liquid at each 

temperature are shown in F1g~.(3.l, 3 . 2 and 3.3). The effective 

relaxation ti11e ( 'C:' ) and the distribution parameter ( o<. ) 
determined from the arc plots are given in Table 2. The activation 

energy for dielectric relaxations ( 6. 'r\~ ) and that for v1$cous 

flow '( n\\'1. ) obtained respectively from the plots 
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Table 1 

Values of 'Y\'2. > E I , f:'J and Eo of 1,2-dibromo-, 1,2-dichloro 

propane and 1,2-propanedithiol at different temperatures in 

the liquid state 

Temp (\ =1.62cm 'A =3.17cm A. =3.49cm 
Substance oc nr2. E' C::.." f. ~ f;:/1 

I '= ,, EC) E: 

10 2.33 3.16 o.oo 3.71 0.93 3.80 0.90 4.60 
1,2-

30 ~.29 3.22 0.96 3.80 0 .90 3.R7 0.88 4.53 
dibromo-

50 2.26 3.34 l.Ol 3.91 10.87 3.99 0.82 4.49 
propane 

70 2.22 3.45 1.02 3.98 0.79 4 .. 02 0.76 4.43 
----------------~--~~------------------~~-----~-------~----~----~--

10 2.09 4.92 2.76 6.58 2.66 6.92 2.66 8,89 
1,2-

30 2.06 5.28 2.68 6.62 2.3£ 6.86 2.24 8.25 
dichloro-

50 2.03 5.18 2.48 6.58 1.90 6.74 1.81 7.58 
propane 

70 2.00 5.16 2.16 6.32 1.48 6.48 1.40 7.00 
----~~--~----------~~----------------------------~--~---~-~~~----~ 

1,2- 20 2.33 5.18 l.77 6.14 1.36 6.32 1.32 7.24 

propane- 40 2.31 5.14 1.49 6.06 1.13 6.14 1.00 6.89 
dithiol 

60 2.2R 5.16 1.31 15 .. 80 1.03 6.89 0.91 6.56 

Fig.(3.4 and 3.5) and for each liquid 

are also included in Table 2. 
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Table 2 

Values of distribution parameter ( o( ), average moment 

( ~ ), relaxation time ( le ), the activation energy 

tor dielectric relaxation ( D. Hz ) and that for viscous 

flow ( A "'1.) and the electrostatic potential ener11 

d1.f'1'erence ( Ll t. ) of 1,2-dihalopropane and 1,2-propane-

dithiol at different temperatures 1n the liquid etate 

Temp Meen .-,..... 12 i).t\"t' ~"~ Electrostatic 
moment - xlO k .cal./ k .cal/ potential Substance 

oc (m) see mole mole enerf diff. 
in D ( Ll.e k.cal/ 

mole 

10 
1,2-

0.12 1..23 12.45 

30 0.09 1.27 10.61 
dibromo- 0.98 2.04 1.01 

50 0.07 1.34 8.85 
propane 

70 0.06 1.39 7.63 
-----~~~~-~----~--~-~-~~----~----------~--------~~---~--------~~---

10 0.11 2.02 10.84 
1,2-

ao 0.09 2 .03 8.80 
dichl.oro- 1.40 1.93 1.20 

50 0.07 2.04 6.99 
propane 

70 0.06 2.06 5.61 

- ·--~~~---~----------~-------------------------------------~~~----~ 

1,2-
propane
ditbiol 

20 0.19 1.73 

40 0.22 1.75 

60 0.26 1.77 

6.05 

5.16 1.15 

4.22 

2.33 1..10 
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3. Discussions s 

It can be seen ~rom Table 2 that the et~ective relaxation 

tt.e ~ in all the liquids decrease, as usual, with increase 

of temperature. The (:' -value of 1 1 2-di bro110propane at any 

temperature is larger than that of 1,2-dichloropropane at the same 

temperature. This is consistent with the sizes of the two molecules. 

But the ~C -values of 1,2-pronanedithiol are smaller than that 

ot 1,2-dichloropropane at any temperature. This indicates that the 

size of 1,2-propanedithiol may be smaller than that of 11 2-dichloro 

propane at any temperature. The activation energy for dielectric 

relaxation ( 6 H ) in 11 the liquids are lower than the corresponding 

values o:f activation energy for viscous flow ( b. H"t ) as generally 

observed in polar liquids. 

3 .1. Equality between dipol R..r activation energy ( 6.t "t' ) and the 

electrostatic potential 

in the liquid state 1 

It was shown in the case of 1 12-dibaloethanes and l-chloro-

2-broaoethane (Chapterel "and II) that the dipolar activation P.nergy 

in each case is almost equal to the electrostatic potential energy 

difference ( ~~ ) between the rotamers in the liquid state, obtained 

trom the relat1on4 

6E: S.~ ( ~~- ft~
2

J 
:>f-+1 0.~.$ c..\;;~ • • • (1) 

In ord,er to study holf tar this equality is maintained in the case 

ot 1,2-dihalopropanes and 1,2-propanedi thiols, the el,ectrostatic 
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potential energy difference in these cases are to be calculated from 

the above relations. For this the dipole moment of different isomers 

are required. Now the 1,2-dihalopropanes have three isomeric forms -

one trans and two gauche as shown 1n Fig.(3.?.). llorino et al.5 

pointed out that the gauche (c) form in 1,2-dichloropropane 1s or 
much higher energy than the gauche (b) form due to ateric repulsion 

between the chlorine atom and the Cfia group. So form (c) is expected 

to be present in negligible amount. Similar is the case with 

1,2-dibromopropane as 111as shown by Mizushi.ma et al. 6 • So for 

calculation of electrostatic potential energy difference, only 

gauche (b) form and trans form (a) is considered. The dipole moment 

of the trans isomer is equal to the moment due to the CH3 group 

which is about 0.4 D. The moment of gauche (b) form for the two 

dihalopropanes are calculated fro the geometric structure using 

the known bond moment ( ..Y \ = 1.7 o, t. b 1; = 1.6 D) and 

bond angles (azimuthal angle of rotation .... 65° and carbon 

valence angle ~ 110°). The calculated value of dipole moment of 

gauche (b) form 1n the two cases are given in Table 3. In the case 

of 11 2-propanedithiol the moment of the trans form is neglected and 

that of gauche (b) form was calculated from the data of mean 

moment and the energy difference. The calculated dipole moment of 
• 

gauche (b) !or 1,2-propanedi thiol is a1so included in Table 3. The 

electrostatic potential energy differences in ea~h case obtained 

from the relation (1) are given in Table 3, from where it can be 

.seen that the values of the dipole activation energy ( 6. \4 ?: ) is 

in fair agreement With the respective values of electrostatic 

potential energy difference. Moreover the amount of lowering of the 
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Table 3 

Values of density ( d ), moment of the gauche isomer ( )'l~ ) 

and the energy difference between trans and gauche isomers 

calculated from dipole moment measurement and that obtained 

from spectroscopic studies at different temperatures of 

1,2-dihalopropane and 1,2-propaned1th1ol 

Temn Density f..-:J Energy difference inKcal/mole . 
6 

S> 
Substance (d) in Dipole moment oc gm/cc D Spectro scopic ' 

measurement method 

10 1.93 
1,2- (6) 

dibro o- 30 1.89 1:0 
3.4 1.02 

propane 50 1.85 

70 1.82 
-~-~-~--~----------~---------------~---~---------~-~--------------

10 1.17 
1,2- (6) 

dichloro- ao 1.15 02. 3.1 0"1 
propane 50 1.12 

70 1.09 
~----------~--~------------------~~--~~~~--~~--~~-~---~--~-------

1,2-propana 
dithiol 

20 1 .. 06 

40 1.05 

60 1.04 

3.03 
C@) 

0"450 
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energy difference between the trans and gauche (b) form from the 

vapour to the liquid state in the c.ase of 1,2-d1bromopropane is 

0. 7 k .• cal/mole as reported by Mizush1ma et al. 6 from spectroscopic 

studies. This agree fairly well with the dipolar activation energy 

( LlH"t" ) of 0.98 k.cal/mole. The small difference 1n ( .6. H"t.) may be 

due to intermolecular forces other than electrostatic forces as 

~as also pointed out in the case of 1,2-dibromoethane in Chapter I. 

The amount of lowering or the ener.gy difference between the trans 

(a) and gauche (b) form from vapour to the liquid state is about 

l.l k.cel/mole as was reported by ~izushima is in good agreement 

with the dipolar activation energy of 1.4 k.calpmole in 1,2-

dichloropropane case. So it app ars that the dipolar activation 

energy in the 1,2-dihalopropane also bas a close parallelism with 

the electrostatic potential energy dif!er nee h1ch gives a 

rneaaure of the lowering of the energy difference between the 

rotamers from vnpour to the liquid state. 

3.2. Energy difference 1 

The energy difference between the trans (a) and gauche (b) 

forms of the isomer of the substituted propanes have bean calculated 

by the method of Mizush1ma4 with the help of the experimentally 

determined values of mean moments of the molecules 1n the 11~u1d 

state at different temperatures using Onsager's equation. The 

values of energy difference thus obtained are given in Table 3 

to get her with the corresponding values obtained by spectroscopic 

methods7 •8• These two values are found to agree fairly ell in all 

the cases. It may be noted that in 1,2-dichloropropane the energy 
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difference 1n the liquid state is very small as was also found in 

1,2-dicbloroethana. 

3 .3. Distr1.bution parameter 1 

It can be seen from Table 2 that the distribution parameter 

o( in the case of 1,2-dichloro and 1,2-dibromopropane decrease 

with the increase of temperature, while 1n 1,2-propanedithiol, it 

increases with increase of temperature. Similar increase 1n 

9 
~ -value was also rewrted in n-propane and n-butanethiol • 

The increase in the o<. -value with increase of temperature 

in n-propanethiol end 1,2-propanedithiol is in contrast to the 

decrease in the value of 'Co( in 1,2-dicllloro- and 1,2-dibromo 

propane. This suggests that some sort of interactions between Cfl3 

group and SH group i s responsible for the increase in ~ -value 

with the increase of temperature in the for~er pair of molecules. 

As mentioned above that these three molecules have possible 

isomeric forms. It was pointed out earlier that the second gauche 

(form c) form in 1,2-dicbloro- and 1,2-dibrornopropane is of rnuch 

higher energy than the form (b) due to steric repulsion between 

the chlorine/bromine atom and the CHa group and 1s expected to 

pr esent in negligible amount. So in these liquids only the forms (a) 

and (b) are present and therefore the temperature variation of 

should be similar to that of 1,2-d1haloethane5 as was actually 

observed. Similarly if the form (c) 1n 1,2-propaneditbiol were 

absent the temperature variation of o( i n .1 t would be similar to 

that of l, 2-dj.halopropane. But the dissimilar variation of o( in 
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this case indicates that the form (c) in this molecule is present 

along with the fora (a) and (b) at all temperatures at the liquid 

state. This is supported from the Raman and infrared studies of 

1,2-propaned1th1ol8 at different states. It has been found that 

in the liquid state, besides the presence of U'o predominant 

isomers, one trans and one gauche isomer. The energy difference 

between the predominant trans and gauche isoMer was found to be 

about -450 cal/mole. The increase :tn the value of o( with increase 

of temperature in 1,2-propanedithiol indicate th~t the relative 

proportion of the form (c) also increase. 

In the c-for of 1,2-propanedithiol the relative orientation 

of one SH group and the CHa group is analogous to that in the 

gauche form of n-propanethiol. In both these forms of two molecules, 

there 1s possibility of formation of hydrogen bond between the SH 

and CB3 groups. Uith the increase of temperature these bond~ are 

weakened which results in larger proportion of molecules with 

slightly different orientations of CH3 and SH groups. This may be 

responsible for the observed increase 1n the ~ -values ith 

increase of temperature in the two liquids. 

The presence of form (c) in 1,2-propanedithiol indicates 

that the hydrogen bond between the CH3 and SH group reduces the 

steric repulsion unlike the case of 1,2-dichloropropane. So, it 

may be concluded that the (b) and (c) forrns of 1,2-propanedithiol 

are not of much different energy. 

• 
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