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Microwave absorption and relaxation processes in 
some halogenated esters in the liquid state.

S. K . Roy, K . Sengupta and S. B . Roy 

Optics Department,

Indian Association for the Cultivation o f Science Jadavpur, Calcutta-700032

In  order to  study the possibility o f internal rotation and 
ascertain molecular configurations in halogenated esters, complex 
dielectric permittivities have been measured at different frequen­
cies and at different temperatures in the esters o f ethyl 3-chloro- 
propionate, methyl 3 bromopropionate and methyl-4 cbloro- 
butyrate in the liquid state. T h e  dielectric data were analysed 
in term s of two relaxation processes. T h e  larger relaxation 
time Ti was attributed to molecular reorientation and the 
shorter one -ts to the rotation of (THuX ( X  =  halogen) group. 
T h e potential barriers to molecular orientation AHt i  and to 
internal rotatoin AHt 2 have been determined. T h e molecular 
reorientation (c j =  7 )  was found to  be the m ajor relaxation 
process in all the esters. T h e  observed values o f the dipole 
moment was about 2.2-13  D  and was alm ost temperature 
independent. From  a comparison o f the obser\ed dipole 
moment and the moments estimated from bond moments and 
bond angles for possible conformers, the conformers present in 
the esters have been indicated.

1. Introduction

O
n R '

T h e general predominance of the trans confonner Cv /  over the cis 

O
,  I

conformer c — O  aliphatic esters such as formates and acetates has
/  I

R  R '
b e « i attributed to the rigid coupling of alkyl radical of the ester group w th  
carbemyl oxygen (Kaprovich 19.54, Nozdrev 1965, Piercy and Subrahmanyan 
1965, O ki and Nakanishi 1970). As a result the alkoxy group is not free 
lo  rotate about th^ <^-0 bond in formates and aeetates. Dielectrie relqxqtioii
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studies in these esters (Rajyam  and Murty 1973) have shown that molecular 
reorientation is the only relaxation medianism in these esters. In substituted 
esters however, though the basic ester skeleton of the compounds retains the 
CIS configuration, the internal rotation about the C-C bond is possible and 
such rotation has been reported in methyl ohioroacctate (Mizushima 1954), 
ethyl bromoacetate, halc-biutyratcs (Srivastava and Dinanath 1974) etc. In 
order to study the possibility of internal rotation and acertain the molecular 
configurations in some halogenated esters, dielectric absorptton measurements 
at different microwave frequencies, have been carried out in ethyl 3 chloro- 
propionate, methyl 3 bromo-propionate and methyl 4-chlorobutyrate in the 
liquid state at different temperatures. Ihie results of the investigations arc 
reported and discussed in this paper.

2. ExPERIMliNTAL

Pure samples of ethyl 3 chloropropionatc, methyl 3 bromo propionate 
procured from Fluka (Switzerland) were distilled under reduced pressure 
before use in the investigations.

Apparatus : The apparatus for the dielectric measurements at microwave 
frequencies and static Irequency were the same as described in an earlier 
paper (Das et al, 1973). The refractive index was measured with and Abbe 
refractoraeter, the density with a Pycnometer and the viscosity with a visco­
meter. Themuxital was used for maintaining the temperatuire of the experi­
ment constant within ±  1°C. Estimated errors in the determination of z- anu 
z" are about 1%  ad 4 %  respectively.

3. R esults

The experim ^tal values of z' and e"  are given in table 1. Cole— Cole 
plots (Fig 1) of the dielectric data showed high value of distribution a  in all 
the cases indicating more than one relaxation processes in each case. Phe 
method of analysis of the data in termes of two relaxation prtx^ses was 
described earlier (R oy el al, 1976). Tlie Calculated values of z' and e" are 
mcluded in Table 1 for comparison. The values of eo, n*,, , e^^ d and -q 
are given in table 2. The barriers to molecular orientation and internal

rotation were obtained from the plots of log -tiT  vs and log t^ T  vs - 3 .  

respectively. The activation energy for viscous flow was obtained from the 

giiqih log tj vs The dipole moment was calculted from eo and density,

using Onsager’s equation. The values of t i , ts, Ci, AHt i , AHts, 
AHt) and p, are given in table 3.
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fable 2. Values of eo, n-„ , > d and t)

45

r c £o “ 1̂. £ a; 1 ct lO.p.

ethyl 3 chloropropionate.

30 10.19 2.02 2..‘>6 J.09 1.21
50 9 45 1 9̂ > 2.52 1.07 .91
70 8.64 1.97 2.60 1.04 .74

methyl 3 promopropionatc

30 5 81 2.11 272 1.6 1.49
50 5.92 2.0b 2.68 1.48 .99
70 6.10 2.0b 2.50 1,45 .82

methyl 4 chlorobrutyratc

30 9.51 2.04 2.bb 1.11 .89
50 9.12 2.01 2.56 1.08 .70
70 8.51 1 99 2.44 1.07 .55

Table 3. Values of a, t i ,  Ta, Ci, AHxi, AHt ,̂ AHki and p

T"C a X;>X lOi^Scc.. Cj A^tti AHt) lA
(Debye)

Ethyl 3 chloropropionate.

30 .22 34.6 5.1 .71 1 87 2.68 2.65 2.27
50 .IH 25.5 4.4 ,72 — — 2.88
70 .18 21.1 3.3 .73 — — 2.23

methyl 3 brompropionatc.

30 .20 48.2 6.8 .72 0.9 1.11 3.11 2.15
50 ,21 40.7 5.9 .70 — — 2.17
70 .24 36.0 4.8 .65 — — — 2.26

methyl 4 chlorobutyratc
30 .24 31.3 3.8 .67 1.13 1 74 2.44 2.17
50 .29 27.7 2.9 .65 — — 2.20
70 .29 22.4 2.4 .V) — — — 2.25

4. D iscussion

It can be seen from Table 3 that the reduced molecular relaxation time
( tx/t)) in the three esters, ethyl 3 chloropropionate, methyl 3 bromo- 
pr(q>ionate and methyl 4  chlorobutyratc at 30°C arc 28.6, 32.0 and 35 p.Sec. 
respectivdy and are consistent with the increasing sizes of the molecules.
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The values of these relaxailion times compare well with the molecular relaxa­
tion time Ti «= 34 p.scc. at 30°C in ethylohloroaoetate reported by Srivastava 
and Dinanalh (1973). The shorter relaxation time Ta lying in the range

<a)

Fig. 1. Cole Colo plots of (a) mo- 4 chi. butyrate (b) cthyl-3 chi propionate

4-5 ps at 30 X  iu the present esters compares well with the CH^O group rotation 
(4.4 p.s) in bcnzylchloride in the liquid state (Turner et al 1970) and is 
therefore attributed to the relaxation time of CH^Q group rotation in ethyl 
3 chloropropionate and methyl 4-chlorobutyrate. Similairly the shorter relaxa­
tion time Ta of 6.8 p.sec. at 3 0 X  iu methyl 3 bromopropionatc which comparable 
to the of CHa Br group rotation (6.3 p.Sec.) in benzyl bromide (Hasan 
et al 1971), is evidently due to the rotation of CH2 B r group m the metfajyl 
bromopropionatc. It may be noted here that both molecular and group 
relaxation times decrease with increase of temperature, though the rate of 
their decrease is quite ditierent.

Weight jactors : As can be seen from table 3, that the value of weight 
factor Cl =  .65—.7 in all the esters, indicating that molecular reorienitatioQ 
is the major relaxation process in all of them. This value of C i is in 
conformity with the value of C i =» .65 in halobutyrates reported by Srivastava 
and Dinanath (1974).

Distribution Parartieier : The value of the distribution parameter (taUe 2 ) 
in found to be appreciably laige in all the esters and it is the highest in 
the methyl 4-chlorobutyrate. This indicates that the number of reiaxatioo 
processes in the methyl 4-chlorobutyrate is larger than the other two e s t ^
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It is quite plausible because there ai*e two axes of internal rotation in the 
propionates, while, in the chlorobutyralcs there are three such lotational 
axes*

Tran -  Cis

T fans “ Gaucht

naucha -  Gauebe

Tra'is — Tran«

Fig. 2a. Conformers of methyl 3 broinopropionatc

Potential barriers to molecular and internal notation : The barrier to 
molecular reorienntation AH t i  (Table 3) in the case of cthyl-3 chlorcv 
propionate is highest (A H t i = 1 .8 7  kcal/molc) and is lowest in methyl 3-bromo- 
propionate (AHt i =»1 kcal/m ole). The barrier to internal rotailion (AH-ca) 
in each case is found to be higher than the corresponding value for the 
barrier to  m olecular reorientation.

D ipole moment and molecular configurations : T he experimentally obtained 
values of the dipole moment is found to lie in the range 2  2-2.3D  (table 3 ) 
in all the three esters and is almost temperature independent. The existence 
o f the internal rotation in each of the esters, as discussed above, suggesits 
that the possibility o f several rotam ers in each esters having two/three axes 
o f internal rotation. Assuming there are a few forms (F ig  2 ) trans-cis, 
trans-gauche an^ trans-trans. (Fig . 2a) present in the ethyl 3-chloropropionate
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and methyl 3-bromopropionate, the dipole moment o f each form  was caluculated 
from the bond moment« and bond angles by vector addition. The values o f 
the calculated moment for T C , T G  and T T  are about 1.9D  and is nearly

TTT= T6T»TCT 
o

TT6-T6G -6T6

Fig. 2b. ConfDimes of methyl 4 chlorobutyrate

equal to the observed diptrfe moment. T h e  calculated moment for the G G  
form is about 3.24D  which is much larger than the observed value of 2.2D . 
So  it is concluded that the esters of ethyl 3 chloropropionate and methyl 
3 bromopropionate consist of T C , T G  and T T  forms, which having 
similar moments, the apparent moment does not change with teinperstiim  
It may be noted here that Som et al (1976) reported the presence of at least 
two fonns of rotamers in these esters of which T C  is more stable than the 
other. The ester of methyl 4-chlorobutyrate has diree internal axes of 
rotation and has about eight possible rotamers of which T T C , I T G ,  T G G , 
TX3T and T T T  (F ig  2b) are considered for calculation.

The observed moment of 2 .2D  agrees well with the calculated moment of 
2 .4D  for T T G  and T G G  forms, but differ mtich from that o f T T C  (3 .2D ) 
and T G T  & T T T  (p ,«  .3D ). It is therefore conduded that the m ajor 
constituents of methyl 4-chlorobutyrate are T T G  and T G G  conform ets.
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