
P A R T I 

Dielectric studies of some rotational isomeric 

moleoules of 1,2-di~u~stttuted ethanes 



Introduction 1 

It is now well established fro• studies o~ dipole moment, 

Raman and infrared spectroscopy and electron diffraction that the 

1110lecules ot l,2-d1subat1tuted etbanea co exist 1n rotational 

isoaeric forms (now known as trans and gauche forms) whose structure 

pass fro• one tor• to another by the internal :rotation about the 

carbon-carbon single bond as axis and that one isomeric torm is 

more stable than the other by a certain amount of energy which 

depends upon the raseous or liquid state of the molecules. The 

equ1111br1ua ratio of the rotational isomers 1s gaseous or liquid 

state de~ends upon the temperature but in the solid state, only one 

form of the isomers exist 1n most cases. 

Nizushims and his co-workers1 have shown that the energy 

difference be~•een the trans and gauche isomers in 112-dihaloethanes 

in the gaseous state is much greater than that jn the liquid state. 

Mizush1ma2 and later nda3 have shown that the lowering of energy 

difference between the trans and gauche isomers in l,2-d1haloethanes 

for a change from gaseous to liquid state is caused by inter

molecular forces in the liquid state and the amount of lowering of 

the energy difference is almost equal to the electrostatic potential 

energy of the polar isomers given by the relation 

In dielectric studies, the process of molecular or gr.oup orientations 

requires some activation energy, sufficient to overcome the 
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intermolecular forces tor going from one equill1brium position to 

another as postulated by Kauzmann4 • 

So, it is expected that the dipolar activation energy 

obtained from dielectric relaxation aeaaurements and the amount of 

lowering ot the energy difference between the trans and gauche 

isomer of 1,2-disubstituted ethanes from rsseous to liquid state, 

both ot which are caused by intermolecular forces may have some 

relations between them, 

Therefore, the objects of the present invest1 gat ions were 

1) To ftnd out the relaxation times of the rotational isomeric 

moleculea in the pure liquid state at different ter;perature and see 

bow the relaxation times vary with their sizes. 

11) To determine the activation energy the dielectric 

relaxation of some 1,2-disub~tituted ethane& in pure l1qu1~ tate 

and to see how it compares with (a) the amount of lowering of energy 

difference between the trans and gauche isomerf! from the gaseous 

to the liquid state as reported in literatures from spectroscopic 

studies; (b) how the dipolar activation enerry compares with the 

potential barrier for internal rotation as reported 1n literatures 

from ultrasonic studies and theoretical calculations. 

i11} To see, how far the values of activation energy of 

dielectric relaxation agree with the electrostatic potential 

energy of the polar isomers given by the relation 

1\E:::: .§-1_ ( t-j&.- It-t~' 
?.€+1 \ O.o-3 Q t ) 
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1Y) To obtain the eneray difference between the trans and 

gauche isomers in tbe liquid state calculating by the method of 

l!izushima from the measured values of mean dipole moment at 

different temperature and co•pare with those values reported in 

literature obtained from the spectroscopic •ethod. 

v) To find if the internal. rotation of the group -CH2X 

(•here X= CHat ~Hfi ••• ) was detectable. 

vi) To compare With the dipolar activation energy with that 

for viscous flow. 
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Chapter I 

Inveat1cat1ons on d1electrie relaxation or 1,2-dlcbloro 

ethane and 1,2-dibroaoethane in tbe liquid state 



1.1. Intro4uct1on s 

It is well know that the energy differences between the trans 

and gauche rotational isomers or the .,leeulea o! 1,2-dicbloro- and 

1,2-dibromoethanea in the gaseous state are 1.27 k.cal/1101 and 

1.7 k.cal/mol respectively and 1n the liquid state this energ7 

difference 1n the former molecules is almost zero while in the 

latter molecules about 800 cal/mol1- 3 • 

Wada4 explained the observed decrease in the values of 

energy diffeTenca in the pure liquids to be due to the electrostatic 

energy of the pnlal' Rallche molecules aJBbeded in a continuous 

dielectric medium and the results of his calculations se~m to agree 

with th~ exoerimental results. 

Since ~easurements on the temperature dependence of relaxation 

times of the molecules of polar liquids a:fford a method for 

determining the activation energy of the molecules i.e. the 

potential energy of the molecules in the liquid state due to various 

intermolecular forces in the liquid at different temperatures by 

the method or cicrowave absorption. 

The experimental results and discussion of the results are 

given below. 

1.2. Results s 

E' r--'1 The values ot ancl , determined experimentally at 

cli!ferent temperatures and at the two microwave frequencies in the 

case of liquid 1,2-dichloro- and ~.2-dibromoeth~le are given 1n 
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Table 1. The Table 1 also contains the measured values ·or c;:o and 

Y\ at the corresponding temperatures. 

Tala.! l 

Values of E.' , f..'' 'Y\ and Eo of 1,2-dichlo~-
ethane 111nd 1,2-dibromoetbane at different temperstures 

Temp A z:l.62 om }\ =3.20cm 

Substance oc ~I (:_I/ E' t /J t:~ 

1,2- 31.5 7.01 3.19 8.65 2.50 9.80 1.437 
dichloro-
ethane nn 7.11 2.74 P.3l 2.23 9.35 1.428 

6._'; 7.17 2.42 7.(14 l.R2 o.~f' 1.420 

:Jo 3.44 0.802 4.01 O.Pl5 4.67 1.533 
1,2-

Clibromo- 5C 3.53 0.869 4.16 0.805 4.65 1.520 

ethane 65 3.64 C'i.£'22 4.2~ 0.712 4..62 1.512 

80 3.76 o.q73 4.25 0.656 4.f5 1.511 

The values of (;;,_' and t 11 for the two liquids at 

different teaperatures have been fitted into the Lole-t.ole arc plots, 

which are shown in Figs. (l.l and 1.2). The values of .....__ J and 

the distribution parameter 0( determined trom these plots are 

shown in Table 2. The values of activation energ7 ( l'l H1:) for 
1 

dielectric relaxation obtained from the usual plots of lo5 T C 'ItS I'T 

(F1g.l.3 and 1.4) and the activation energy ( D. r\"1_) values tor 

viscous flow obtained from the plots of \..o~ "L 'I~ 1/-r' are given 

in Table 2. The viscosity values at d1fferent temperatures are taken 

from standard 11teraturae5. 
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( a ) .304 ·5° K ( b) 3 2 3 ° K AN D ( c ) 3 '3 8 ° K 
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The accuracy of the ~ -values so determined 1s 3~ in the 

case or 1,2-dichloroethane and in the case or 1,2-dibromoethane it 

is about 5~. 

1.3. Discussions r 

It is seen from Table 2 that the relaxation time ~r 1,2-

aibromoethane at any t~perature is larger than that of 1,2-dichloro 

ethane Which is consistent with the larger size of the former 

molecule. The 't"' -value G.l5 p. sec of' 1,2-dichloroethane at 31°C 

!able 2 

Relaxat1.on til!le ( ..:' Cole-Cole parameter C "'-) and 

activation energy of 1,2-diohloro- and 1,2-dibromoethanes 

Substance 

1,2-
dichloro
ethane 

1,2-
dibromo
ethane 

Temp 
oc 

3l.fi 

50 

66 

ao 
50 

65 

80 

t xlo12 
sec 

6.05 

5.0? 

4.44 

8.60 

7.36 

6.44 

5.63 

6Hal 
k.c I 

~H t'-
k.cal/ 

rml mol 

0.0? 2.20 

0.06 2.10 1.29 2.30 

0.05 2.05 

0.19 2.36 

0.13 2.33 
1.09 2.55 

0.12 2.32 

0.10 2.29 

is compatible with the value 5 .. 6 p.sec at 2SOC tor a solution of 

1, ~-dtchloroethane 1n v-xylene as reported by Cl~ossley and Wll~ker6 

bttt 1 c; somewhat larger than the Vl\lue 4 •. £;~ p. qec !<or the se.rne 

solution at 20°C givf;ln hy Chi toku ~d H,_gas1 7 • However th~ value of 
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relaxat1·on time £or the pure liquid has not been apparently reported 

in the literature. In this connection it may be noted that from the 

measurements of spin-lattice relaxation of a solution of 1,2-

dic.hloroethane in 1,2-dichloroethane-d4 Bock and Tomchuk8 derived 

a value of 8.62 p.sec for the relaxation time of 1,2-dichloroftthane 

at 20°G. This value seerls to be slightly higheT than the value 

obtained in the present investigation. 

The value of 0.0? ~or the distribution parameter ( ~ ) 

0 btained 1n this investj.gation for the pure liquid at 3~°C is 
6 near the value of o.oa reported by Crossley and Walker and 1s much 

smaller than the value 0.19 obtained by Chitoku and Uigasi7 • It is 

seen from the Table 2 that the ~ -value for the pure liquid 

decreases 1th increase of temperature as 1s generally observed. The 

~ -value f or 1 1 2-dibromoethane is somewhat larger than that of 

l, 2- d icbloroetbane and also deereases With 1nc r e as 1nr tflm-perature 

as in the c sa of l,2-d1chlo~oethane. 

It is seen from Table 2 that the values for the activation 

energy for dielectric relaxation ( 6.\-\ ~ ) of 1, 1)-rltchloroathane 

and 1,2-dibl'omoethane are both smaller than the re9nective values 

of the activation energy for viscous flow ( 6 \-\ '1. ) fo:r both the 

liquids as are generally observ~d with othP.r polar liquids. 

The activation energy ( 6 H 'L ) or 1.3 k.c~tl/mol in the 

case of 1,2-dichloroethane 1n liquid state as daterm1ned in the 

present investigation is almost equal to ~ ada•s c qlculated value 
A 

1.22 k.cal/mol- representing the electrostatic self energy of the 
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~jlar gauche molecule in the liquid state. I n the c ase of 1 , 2-

dibroiiOethane in the liquid state the ac tivation energy ( 6. \-\~ ) 

i a found to be 1 . 09 k . cal/mol while accordin g to Wada ' s calculat1on4 

t he electrostatic self energy 1D thi s case i s about 800 cal /mol. 

Thus though the obser ved valu e of ( 6. \4 1::.} in t he case ot 

l, 2-dichloroethane closely agrees w1 th the value calculated by 

Wada, in the case o! 1,2-dibromoethane the ca1culated value is 

somewhat lo11er than the observed one. It need be no ted that Wada 

considered only the electrostatic energy o.f the polar gat,che 

molecules in the liquid but did not take into a~count other types 

of 1ntermoleculP.r :forcea within thn liauid which w1J.l further 

lower the ener~y ot gauche 1eomors. The small difference in '- b.\-\ c 

jn the case of ~,2-dibromoethane may arise fro~ this cauqe. 

Oonside'r1ng the accuracy ~f the det~1m1nat1on of tlle 

t -values 1n the present 1nvest1 fat1on 1 t way be concluded that 

the value~ of the activation enerry deter~ined experimentally are 

in agreement w1 th the values calculated by ~wad a and that the greater 

part of the potential energy of the eauche isomers of the molecules 

of 1,2-dichloroethane sDQ 1,2-dibromoethane 1n the liquid state 

arises from the electrostatic self energy of the polar molecules . 
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