
Chapter II 

Investigations on dielectric studies in some aono

carboxylic esters in the liquid state 



1. Introduction s 

In the previous chapter it was observed that ben20ic acid 

ester molecules such as methyl-, ethyl-, propyl-, butyl- and 

ben~yl benzoate (Hasan et a1. 1 > relax by molecular orientation 

mechanism only. The absence ot group rotation in the8e molecules 
0 

explained on the basis thAt the group O-R 1n the molecules ~c=o -R 
1Ph 

(R = CBa, C2H5 ••• etc. and PhCH2) can not rotate about the C-O bond 

which gets double bond character due to resonance effect. 

In the present chapter similar investigations were extended 

to the case of benzyl formate, benzyl acetate, benzyl propionate 

and ethyl phenyl acetate and attempts have been made to find out 

whether the molecules behave as rigid dipoles or exhibit relaxation 

connected with molecular and intra~olecular orientations. Further 

it as observed that of the !ive esters (Hasan et al. 1 ) investigated 

only propyl- and butyl benzoate showed the existence ot 'Poley 

type' absorption (Poley2 ). It was therefore, intended to find out 

if such additional absorption regions are possible in the esters 

studied in the present investigations. The experimental results 

are presented and discussed in this chapter. 

2. Results 1 

The experimental values of d1electric permittiYity ~' 

dielectric loss En at 1.62 ~em., 3.17 em. and 3.49 em. together 

w1 th those of static dielectric constan.t E () and viscosity '1'1_ 

at different temperatures are given in Table 1. In the case of 
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Table l 

Experimental values of static dielec tric constant 
( Eo ) , dielectric perm1tt1vity (E'),dielectri c loss ( E'') 
and viscosity ( ~ ) at ditferent temper a ture or these 

four esters in the liquid. state 

Compound 
T~mp ~=4 .22cm A. =3.49cm A c3.17cm A. =l. G2cm *10.a 
oc Eo E' t., ll t:::' EJ' E' E" c::' f::..11 poise 

30 6.34 4.78 1.04 4.51 1.04 4.23 0.97 3.86 0.81 
Benzyl 

50 5.93 4.79 1.03 4.66 1.02 4.42 0.98 3.93 0.86 
f'orrnate 

70 5.79 5.01 l.OO 4.79 1.03 4.69 l.Ol 4.08 0.94 

85 5.62 fi.08 0.94 4.92 0.95 4.84 0.97 4.09 0.85 

30 5.34 .4.04 0.75 3.99 0.74 3.56 0.64 1.58 
Benzyl 

50 5.l3 4.10 0.67 4.05 0.66 3.71 0.60 1.16 
aeetat 

70 4.94 4.09 0.66 4.04 0.65 3.74 0.56 0.89 

85 4.82 4.16 0.62 4.12 0.61 3.87 0.76 0.76 
-~-~-~~-~----------------~----------------~~-------~-------~--~--~-~-

30 6.11 4.23 o. 93 4.15 0.96 3.41 0.95 1.37 
Benzyl 

60 4.94 4.28 0.83 4 . 23 0.86 s.eo o.a8 1.01 
propio-

70 4.71 4.29 0.69 4 .. 24 0.72 3.70 0.90 0.78 
nat 

85 4.57 4.26 0.59 4.22 0.62 3.78 0.84 0 .67 
----------~---~-·--~-------~~~-~~---~~~-~~--~----~ --------~--~------~ 

30 4. 96 4 . 05 0.92 3 . 95 0 . 94 3.28 0.96 1.73 
Et hyl 

50 4.77 406 0.84 3 .99 0 .87 3 .35 0 .94 1 . 20 
phenyl 

70 4.61 4.14 0 .72 4.10 0.71 3.58 0 . 92 0 .91 
acetate 

85 4.51 4.15 0 .67 4 .10 0 .71 3 .58 0 .92 0 .76 
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benzyl formate, the values E' and E'1 are also obtained at 

4.22 em. microwave region which are also included in Table l. Xhe 

Cole-Cole arc plots ware drawn with these data for all the 

molecules Which are shown 1n Figs. (2.1 - 2.4). The values of €w-
and the distribution parameter c( obtained by the usual method 

are given 1n Table 2. The values or relaxation times 'C1 and 'C'z 

for the orientation of the whole molecule and the group respectively 

and also the weight factor C~ the contribution due to group 

rotation are also included 1n Table 2. Activation energy for 

dielectric relaxation ( 6.\-\z ) was determined from the graph of 

Lo~,()T c~.) v'T Figs. (2 .s - 2. 8) while that for the viscous 

flow ( 6\.\ '"~"t ) was obtained from the graph \ c.'d ,0 ~ "'"' 
1j,y 'rhe values 

of 6~?:'.:1 ) .1\-\ t"z ond .6..\-\~ for these compounds are given 1n 

Table 2, which also contains the values of E.. <l "'f' .... .L. 

3 . Discussions • 

It is seen from Table 2 that the distribution parameter 

obtained by the usual method was found to be fairly large 1n each 

case at all temperatures except tn methyl ben~ate at 7oPC and 85°C 

where 1 ts value is nearly zero. The large value of :->( indicated 

that there might be more than one relaxation mechanism in these 

compounds. Further, the plots of E' \JS f. 0
W in all these 

cases could not be fitted by a single straight line which are 

shown in the Figs.(2.9- 2.12). Therefore, the dielectric data of 

these compounds were analysed for two relaxation times by using 

Kastha•s3 equations. It is seen from Table 2 that the relaxation 

times 'ti for each molecule decrease with increase 
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Table 2 

Experimental values of distribution parameter ( o( ), optical 
dielectric cons tant ( ~ ), refractive index ( 'Y\ ), 

molecular relaxation time ( "L1 ) and group relaxation time 
( 'C'2 ), weight factor for group relaxation c_c2 ) and 
activation energy t or dielectric r elaxation ( AHC(:' ) and 

that for viscous n ow ( L).H...-(. ) at dif fer ent temperatur es in 
the liquid state 

Temp 
Compound oc 

l2 \'2. ll.H ~, 6. \\~'2. b. H'h 
'7":- X..\6 c; )1..\0 k 1 k 1 k 17l 

Benzyl 

formate 

'-l ... .ca .ca . ca 
'Y't6 E- Y\'2. sec sec c"l.. mole mole mole 

30 .2?4 a.os 2.2s o.77 as.2 3.97 o.ss 

50 .191 3.19 2.26 0.94 26.6 4.00 0.52 

70 .094 3.40 2 . 23 1.27 

85 0 3.62 2.21 1.41 

2.95 

-------- --~-----------~----~-~-~~~-~---~~--~--------~-~--~----~-~-

Benzyl 

acetate 

30 0 .29 2 .90 2.24 0.66 38.7 4.4 0.58 

60 0 .26 3.00 2.22 0.78 33.3 3.8 0.53 2.19 0.79 2.77 

70 0.22 3.12 2.19 0.93 24.2 3.4 0.46 

85 0 . 17 3 . 26 2 . 17 1.09 18.8 3.0 0.39 
--~--~-~---~---------~---~~-~~--- -------~-~----~-~--~---~··-----~-~ 

30 0.16 9 .49 2.23 0.26 46.9 5.6 0.81 
Benzyl 

50 0.13 2.50 2.21 0 . 29 38. 0 4.9 0 . 85 1 . 55 0 . 82 3 . 02 
propionate 

70 0 . 11 2 .52 2 .18 0.34 29.5 4.2 0 .88 

85 0 .09 2 .54 2.16 0.38 27.3 3 .8 0 .91 
~~~-------~----~--------~-~---------------------------~---~--~-----

30 0 .17 2 .38 2.22 0.16 52.7 5.8 0.81 
Ethyl 
phenyl 

50 0 .14 2 .38 2 .20 O.l8 41.4 5.3 0 . 84 
1.60 0.77 3.13 

ace tate 70 0.11 2.38 2 . 17 0 . 21 34.3 4 . 5 0.85 

85 0 . 08 2 . 38 2 . 15 0 . 23 30.5 4 .3 0 . 92 
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of temperature as generally observed • . Also the relaxation time <::""1 

at any temperature is highest in the case ot ethyl phenyl acetate 

and lowest in benzyl formate which is in conformity with the size 

of the molecule and the viscosity of the liquids. Again the group 

rotation "t"z tor benzyl propionate and ethyl phenyl acetate 

are almost equal but slightly greater than ~2 for benzyl 

acetate and benzyl formate at the corresponding temperature. This 

may be due to the larger size of the orienting group in the former 

two molecules compared to the latter two molecules. 

As the dielectric data in benzyl f'ormate at ?r:PC and 85°C 

could not be analysed into two relaxation mechanisms as in the 

other liquids, the values of average relaxation time ""?::~, were 

obtained by the usual method and is given in Table 3. 

Compound 

Table 3 

Values of average relaxation time of benzyl forrnate 
at ?fPC and BfiOC 

Ternp 
oc 

Average relaxation time 
x lol2 sec 

Benzyl formate 
?cPC 

S!Pc 

15.0 

13.8 

The presence of both molecular and group rotation in these 

molecules may be explained in the following way. In benzyl formate 
c 

though the rotation of the c:.=...=.o bond of the group o-===- c.. l! 
H 

is not possible as 1 t get.s double bond character due to resonance, 
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the group o--=--C pO 
"'-H 

attached to the benzene 

may rotate freely about the C - 0 bond 

ring as shown in the Fig.2.13(a). Similarly 

in the case of benzyl acetate and benzyl propionate the C - 0 bond 
Cl 

of group o-=-=-:.cl/ gets double bond character due to resonance, --x 
the group in each of these two ~olecules is 

X :: CH3,. c2H5 • • etc 
Benzyl acetate and 

Benzyl propion.F.!te 

Pia.2.13(b) 

Ethyl phenyl 
acetate 

Fig .. 2 .13 (Q~) 

the C- 0 bond-attached to the benzene ring as shown in Fig.2.13(b). 

In the case of ethyl phenyl acetate Fig.2.13(c) the group C/~O-X
is free to rotate about the C-C bond attached to the benzene ring. 

It may be noted that the activation energies for group rotation in 

all the molecules are abo-ut 0. 8 lr. cal/mol e. 

It is seen from Table 2, that the Weight factor Cz.- for 

group rotation is about 0~8 in benzyl propionate and ethyl phenyl 

acetate and is about 0.5 in benzyl formate and benzyl' acetate. The 

comparatively large value of Cz indicate that in these molecules 

relaxation takes place largely by group rotation. It will· be 

interesting to compare these results with those observed in the 

case of methyl-, ethyl-, propyl-, butyl- and benzyl benzo ates 

where the relaxation was, mainly due to orientation of the whole 

molecule. In these molecules the C = 0 dipole is firmly attached 

to the benzene ring, while the molecules of benzyl formate, benzyl 
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acetate, benzyl propionate and ethyl phenyl acetate the C = 0 dipole 

is attached to the orienting group. This d~fference in the position 

of the C = 0 dipole may be responsible for the observed difference 

in dielectric behaviour in these molecules. 

Finally, it can be seen from Table 2 that the value of Eoe 

differs from the value of ~~ 1n all cases and the difference 

is appreciable. Moreover this difference 1s temperature dependent. 

This 8Uggests that this may be due to an additional absorption 

region as suggested by Poley2. 

The occurrence of Poley absorption in high frequency region 

as observed in polar liquids is generally explained due to a 

fluctuating dipolar elements present in the liquid. HOwever, some 

amount of work on the absorption of microwaves in high freauency 

region and fdr infrared absorption by polar liquids have been done 

by many workers. Some workers4 explained this in terms of rotation 

like transition, whereas others5 '6 proposed that this absorption 

oight have a translationAlcomponent. H1117 explained this absorption 

as a continuous distribution of resonances frequency. Recently, 

Benzon et al. 8 studied this for infrared absorption of some polar 

liquids with interferometric spectrometer and examined the results 

with various theories. 
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