
Chapter II 

Investigations of dielectric studies of l·chloro-

2-bromoethane in the liquid state 



l. Introduction : 

In Chapter I it has been observed from the studies of 

dielectric relaxation of l,2-dihaloethanes1 that the activation 

energy for dielectric relaxation ( 6.\-\ "t") 1n each case is almost 

equal to the electrostatic energy of the polar gauche molecules in 

the liquid state. So it appears that 1n these cases the energy of 

dipole orjentation in the liquid state is closely related to the 

lowering of the energy difference from the vapour to the liquid state. 

The molecule of l-chloro-2-bromoethane also exists in two 

isomeric forms and the energy difference between the isomers 1n the 

easeous and liquid state has been reported in the 11teratures2 ' 3 • 

In the former two 1,2-dihaloethanes, the trans isomer has no dipole 

moment, whereas in 1-chloro-2-bromoethane both the isomers have 

dipole moments. It ould be interesting to find out bo the dipole 

activation energy ( l'l \-\ ~) in the liquid state in this case 

supports the conclusion arrived at in the case of the two 

dihaloethanes mentioned above. With this end in view, the dielectric 

studies or 1-chloro-2-bromoethane 1n the 11ou1d state in different 

microwave regions and at different temperatures have been made. The 

results of these experiments are discussed below. 

2. Results a 

I 
The values of ( and (._ II in different microwave regions 

and at different temperatures are given in Table 1. Cole-Cole arc 

plots dr .awn with the values of E' ) €.11 
, E~ and Y'l 2 for each 
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temperature are sho'Wn in Fig.l2.1) The values of distribution 

parameter ( a( ) and effective relaxation time ( ~ ) determined 

Table 1 

Values of E'... <;. 11 Eo and 'Y'\2. ot l-chlol'o-2-bromo-
:> 

ethane at different temperatures 1n the liquid state 

Temp ?\ =1.62cm~=3.17cm A_ =3.49cm 

oc E' <:." E' E'' / E' En Eo Y\'2. 
/ ·' 

20 5.36 1.88 6.14 1.58 6.28 1.40 7.00 2.22 

46 5.32 1.74 6.08 1.30 6.16 1.10 6.68 2 .18 

70 6.16 1.60 5.88 0.96 6.04 0.82 6.24 2.14 

from the arc plot (F1g.2.1) are given in Table 2. The activation 

energies for dielectric relaxation ( ~ \-\ c ) and viscous flow ( 6 H ~) 

ere determined, respectively, from the slopes of the straight line 

plots of LojeP~) \IS 1/~7 (F1g.2.2) and o~ L "J<;:> 
1/"l' 

Table 2 

Values of a(, C, D.\\-~ and D. \-hl of l-chloro-2-bromo
ethane at different temperatures in the liquid state 

T•p 
oc 

20 

45 

70 

0.09 

0.08 

0 . 06 

'C.' X 1012 
sec 

6.19 

5.00 

4.12 

b.H1:: 
(cal/mol) 

1000 

These values are also included in Table 2. 

.6"1t 
(cal/mol) 

2100 
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3. Discussion s 

It can be seen from Table 2 that the relaxation time for 

1-chloro-2-bromoethane in the liquid state at 2QPC is 6.2 p.see 

which is compatible with the values of 6.05 p.sec. and 8.6 p.sec 

.respectively, for 1,2-dichloroethane and 1,2-dibromoetbane at 30°C 

in the liquid state1 • It is also seen that both the "'L -values 

and the values of distribution parameter ~ decrease with 

increase of temperature as is usually observed 1n other polar 

molecules. Table 2 also shows that the activation energy C 6\-\ ) 

of 1 k.cal/mol for dielectric relaxation is lower than the 

act1 vat ion energy for viscous flow ( b.\

as generally observed. 

) of 2 .1 k.cal/~1 

In order to see how the activation ener.gy 6 h ~) agrees 

ith the electrostatic energy of the polar molecules of the trans 

and gauche isomers in the present case the latter bas been 

calculated from the relat1on4 

Tbe dipole moments of the gauche isomer ;~ ~ ftlld the 

trans isomer j-t \; have been calculated from the 110lecular 

structure using the bond aoments for C-Cl = ·1.6 D, C-Br = 1.5 n5 

the carbon valence anale lOgo and the azimuthal angle of rotation 

65°. The values ot and were round to be 2.5 D 

and 0.1 D respectively. Assuming the value of 
c-) 0..3~ ~0~ .Q 

used by M1rush1ma4 for 1,2-dichloroethane the value of electrostatic 
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energy comes out to be about 0.9 k.cal/mole which is in good 

agreement with the activation energy ( 6. \-\ ~) of 1 k.cal/rnole 

obtained in the present investigation. 

As mentioned earlier 1n the introduction, the activation 

energies ( 1:::. H~) of 1,2-d1haloethanes1 were found to be almost 

equal t~ the lowering of the energy difference from the gaseous 

to the liquid state 1n the respective cases. In the present case 

the energy difference between the trans and gauche isomers 1n the 

vapour state is 1.43 k.cal/rtole2 and in the liquid state3 it is 

about 0.49 k.cal/mole. So the lowering of the energy difference 

due to change of state is about 940 cal/mole which agrees well 

ith the act1vet1on energy l ~ \-\c:
1 

of 1 k.cal/mole obtained 1n 

this investigation. 

From the above discussion it is ~oncluded that the dipolar 

activation energy ( 1\ ~~/ obtained from the measurements of 

dielectric relaxation in ~icrowave regions gives a measure of the 

amount of the lowering of the energy difference of the rotational 

isomers from the gaseous to the liquid state. 

It may be noted here that the energy difference between 

the trans and gauche isomers of 1-chloro-2-bromo ethane in the 

liquid state may also be obtained from the dipole moment 

measurements at different temperatures4. For this purpose the mean 

moment ( m ) values at different temperatures obtained from the 

values of Eo .) 'Y\ , l"'~ and d using Onsager • s equation are 

given in Table 3. Using the calculated values of j1.. 5 and /~t 
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as g1.ven in con junction with mean moment values of the molecules, 

the value of the energy difference in the liquid state has been 

Table 3 

Values of density ( d ), mean moment ( "Y't1 ) and the 
energy difference ( 6£ ) of trans and gauche isomers 
of l-chloro-2-bromoethane at different temperatures in 

Temp 
oc 

20 

4S 

70 

obtained w1 th 

and 

the liquid state 

Density ( d ) fr!ean mQment 

g/cm3 \) 

1.737 1.57 

1.'706 1.62 

1 .. 676 1..64 

the help of the equat1on4 given 

Yn = [ l -tt~ + K Lt9 .; I ( 1 + l<; J 

~- ~f:J. b I R'l~ 

( m ) Energy ditterence 
6£ 

(cal/mole) 

550 

by Mizushima 

From the straight line plot of lo~ 1/ K "~ 1/~p the energy difference 

comes out to be about 550 cal/mole which agrees fairly well with the 

spectroscopic values of 490 cal/mole reported earlier. 
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