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ABSTRACT 
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The dielectric absorption in 1-phenyl-propyl-bromide, 1-phenyl-propyl-

mercaptan and 1-phenyl-propyl-amine in the liquid state has been studied at ~·-

different microwave frequencies. The dielectric data were analysed in 

.,
1 

terms of molecular and end-group CH
2
X relaxation time (X= Br, SHand NH

2
) 

and their relative weight factors, heat of activation, dipole moments have 

been determined. 

INTRODUCTION 

Aromatic compounds with rotatable small polar groups are found to be 

characterized by two dis~rete relaxation processes [1] intramolecular 

"" relaxation having a shorter relaxation time and molecular relaxation with 

~ a relatively larger relaxation time. In contrast to this, aliphatic mole

cules such as .u-alkylhalides [2] , cyanides [3] , ketones [4] , in which 

group rotation occurs about the C-C bond only, shmv a distribution of 

' ~.~---_:,;_· relaxation times between two limits- the lower limit corresponding to the £ r~tation of the end-group about its bond with the rest of the molecule and 

-··- · the upper limit corresponding to the largest orienting unit i.e. molecular 

end-over-end ro~ation. In the case of aliphatic ethers [5]and sulphides 

[6], in which group rotation occurs about a bond other than the C-C bond, 

two di~crete relaxation processes have been reported. In the case of 

·CL, w-diholoalkaries [7,8] the dielectric data were represented by Davidson:_ 

Cole. skewed arc plots which are associated with co-operative orientations. 
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It would be interesting to study the dielectric behaviour of long chain 

alphatic molecules with a phenyl ring attached to one terminal. The 

results of microwave investigations on the dielectric absorption of 

1-phenyl-propyl-bromide, !-phenyl-propyl-mercaptan and !-phenyl-propyl

amine are now presented. 

EXPERIMENTAL ~ 

Chemicals: Pure samples of 1-phenyl-propyl-bromide, !-phenyl-propyl

mercaptan and 1-phenyl-propyl-amine, obtained from 'Ega Chemie' (Germany), 

were dried and distilled under reduced pressure before use in the investi

gations. The boiling points in all the liquids were in agreement with 

literature values. 

Apparatus: The apparatus for the measurements of dielectric permittivity 

E
1

, dielectric loss E
11

, in the region 0.8, 1.25, 1.62 and 3.49 em micro

waves were described earlier [9) • The static dielectric permittivity E
0 

was measured at 1 MHz, the refractive index nu was determined with an 

'Abbe refractometer', the viscosity n was measured with an Ostwald visco

meter and the density d with a pycnometer. The temperature in each experi

ment \vas kept constant \vithin ±1°C by means of a thermostat. The estimated 

e·rrors in the determination of E' and E
11 are about 2% and 4% respectively. 

RESULTS 

The experimental values of dielectric permittivity E 1 and dielectric 

loss E
11 at .different microwave frequencies and at different temperatures 

are given in Table 1, which also includes the static dielectric permit

tivity E
0 

at different temperatures. Complex plane plots (Fig. 1) of the 

dielectric loss E
11 and dielectric permittivity E 1 shm,rs a symmetric dis- ~, 

tribution with a depressed centre, unlike the asymmetric distribution in 

aliphatic ethers [5,6] and haloalkanes [7]. The distribution parameter 

obtained from the arc plots in all the liquids studied were appreciably 

large at all temperatures, indicating the presence of more than one 

relaxation process in them. 

Attempts were then made to analyse the dielectric data in terms of 

two relaxation processes making use of Bergmann equations [10) 

E' 

a = 
E 

0 

- E 
<X> 

- E 
<X> 

2 2 
1 + w '1 

+ (1) 
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Fig.!.(a) Cole-Cole arc plot-3 phenyl-propyl-bromide; (b) Cole-Cole 

arc plot-3 phenyl-propyl-mercaptan; (c) Cole-Cole arc plot-3 phenyl

propylamine. 
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Table 1. Observed and calculated values of dielectric 
permittivity and dielectric loss 

3-phenyl-propyl-bromide 

f = 1 MHz f = 8.6 GHz f = 18.5 GHz 

T°C c:' c:' c:" c:" c:' c:' c:" c:" I' 
E: obs cal cal obs cal cal ~' 0 obs obs 

_, , 
30 5.41 3.50 3.43 .85 .85 3.10 3.12 .60 .61 

50 5.18 3.60 3.50 .86 .87 3.14 3.15 .62 .62 

70 4.96 3.68 3.57 .85 .88 3.16 3.18 .64 .66 

85 4.83 3. 71 3.62 .85 .87 3.16 3.20 .65 .66 

f = 24.03 GHz f = 35.13 GHz 

30 5.41 3.00 3.03 .53 .55 2.88 2.91 .43 .46 

50 5.18 3.02 3.05 .54 .56 2.87 2.93 .41 .46 

70 4.96 3.05 3.08 .57 .58 2.90 2.97 .46 .50 

85 4.83 3.07 3.10 .59 .60 2.96 2.97 .52 .52 

3-phenyl-propyl-mercaptan 

f = 8.6 GHz f = 18.5 GHz 

30 4.36 3.64 3.42 .54 .59 3.11 3.16 .47 .49 

50 4.15 3.58 3.38 .50 .56 3.06 3.11 .45 .46 

70 3.95 3.46 3.31 .47 .53 2.99 3.03 .43 .44 

85 3.80 3.34 3.29 .48 .51 2.96 2.99 .42 .43 

f = 24.03 GHz f = 35.13 GHz 

30 4.36 3.01 3.09 .44 .47 2.89 2.97 .40 .44 

50 4.15 2.97 3.04 .42 .44 2.86 2.93 .38 .41 

70 3.95 2.92 2.96 .40 .41 2.81 2.87 .35 .37 

85 3.80 2.90 2.92 .40 .39 2.83 2.83 .34 .34 

3~phenyl-propyl-amine r:\· 
:.~ 

f = 8.6 GHz 
··t. 

f = 18.5 GHz ·J 

30 4.83 4.27 4.00 .53 .68 3.63 3.68 .71 .68 

50 4.57 4.15 3.88 .48 .61 3.53 3.58 .62 .61 

70 4.32 4.05 3.88 .42 .54 3.52 3.56 .62 .59 
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Table 1. 

f = 1 

T°C e: 
0 

30 4.83 

50 4.57 

70 4.32 

b 

Continued 

MHz 

3-phenyl-propyl-amine 

f = 24.03 GHz 

e:' 
obs 

e:' 
cal 

3.48 3.56 

3.45 3.48 

3.48 3.45 

2 2 
1 + W Tl 

e:" 
obs 

e:" 
cal 

e:' 
obs 

.68 

.63 

.61 

+ 

.70 3.20 

.62 3.12 

.60 3.12 

(1 - cl)c..iT2 

2 2 
1 + W T

2 

and the simplified equation [11] is 

1 - a 
"""b(;J 
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f = 35.13 GHz 

e:' 
cal 

e:" 
obs 

e:" 
cal 

3.36 .63 .72 

3.30 .56 .65 

3.28 .58 .62 

(2) 

(3) 

The equation (3), with the dielectric data at several microwave frequencies 

can be put in the form 

0 

where, s p X = bw 
1-=-a y 

2 
aw 

1-=-a 

(4) 

This is a linear equation and is solved by the least squares method [12] . 

For ready reference the working equations are 

n n n n 2 I y. I xiyi - I x. I y. 
i=l l. i=l i=l l. i=l l. 

s n 2 n 2 n 2 
( I xiyi) I x. I y. 
i=l i=l l. i=l l. 

(5) 

n n 2 n n 
I y. I x. I x. I xiyi 

i=l l. i=l l. 
i=l l. i=l p 

n 2 n 2 n 2 
( I xiyi) - I x. I y. 
i=l i=l l. i=l l. 

(6) 
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n n n n 
I a.f. + I bigi - I f .f! - I gigi 

i=l 
J_ J_ 

i=l i=l 
J_ J_ 

i=l 
cl (7) 

n 2 n 2 I f. + I gi 
i=l 

J_ 
i=l 

f. (fl - f') fl 
1 f' 1 ~i 

J_ ' 2 ' 2 2 6. 
1 + un:l 1 + w '2 

·i 
(gl - g') 

WTl 
g' 1 

gi ' gl 2 ' 2 2 
1 + wt 1 1 + w '2 

The value. of t 
00 

was adjusted and '1' '2 and c
1 are determined from ... 

equations 5, 6 and 7 until the mean square deviation given by the relation 

E:" ) 2 + 
1 

E:' - E:' 
cal ! 2 A = I:;(E:" -

obs 
obs cal n 

is found to be a minimum. The calculations were carried out on the 

IBM1130 computer. The values of -r
1

, '2' cl and E: 
00 

are given in Table 2. 

Table 2. Values of E: '2• cl and 
2 

co' a.' '1' ~ 

T°C x 1012sec lo12sec Cf 
2 

E: Ct '1 T2 X nD 00 

1 phenyl-propyl-bromide 

30 2.68 .25 51.35 5. 77 .80 2.37 

50 2.69 .24 41.07 5.21 .79 2.34 

70 2.65 .24 32.81 4.27 .78 2.32 

85 2.62 .20 28.56 3.89 .76 2.30 _,(· 

1-phenyl-propyl-mercaptan 

30 2.58 .31 35.51 3.66 .65 2.39 

50 2.56 .29 29.27 3.32 .66 2.36 ·t 
'· 

70 2.54 .23 24.81 3.07 .69 2.33 . i 
-~, 

85 2.54 .19 19.87 2.62 .73 2.31 

1-phenyl-propyl-amine 

30 2.58 .27 30.32 3.34 .48 2.31 

50 2.53 .27 27.00 3.00 .47 2.28 

70 2.48 .23 19.50 2.83 .44 2.26. 
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The calculated values of e:' and e:" _with these values of 'l' -r
2

, c
1 

and E
00 

from equation (1) and (2) are included in Table 1 for comparison. 

The heat of activation for dielectric relaxation for molecular reori-

entation 

log -r1T 

viscous 

L'IH-rl 
1 

VS T 
flow 

and for group rotation L'IH-r 2 are determined from the plots of 

and log -r 2T vs ¥ respectively. The heat of activation for 
1 L'>Hn was determined from the plot of log n vs 'f• The dipole 

moment ~ for all the liquids at different temperatures were determined from 

the values of density d, static dielectric permittivity using the Onsager 

equation. The values of L'IH-r 1 , L'IH-r 2 , L'>Hn and~ are given in Table 3. 

Table 3. Values of L'>Hn, L'IH-r
1

, L'IH-r 2 , n, d and~ 

30 

so 
70 

85 

30 

50 

70 

85 

30 

50 

70 

DISCUSSION 

L'>Hn 

kcal/mole 

3.34 

3.03 

3.34 

L'IHTl 

kcal/mole 

L'IH-r 2 
kcal/mole 

1-phenyl-propyl-bromide 

1. 74 1.06 

1.97 

1.35 

1.01 

0.85 

1-phenyl-propyl-mercaptan 

1.67 

1.88 0.95 1.19 

0.92 

o. 77 

1-phenyl-propyl-amine 

1. 70 

1. 79 1.18 

0.89 

d 

gm/cc 

1.31 

1.29 

1.26 

1.25 

1.001 

0.98 

0.97 

0.96 

1.02 

1.00 

0.99 

~ 

De bye 

1.53 

1.53 

1.55 

1.57 

1. 29 

1.28 

1.26 

1.23 

1.34 

1.34 

1.34 

It can be seen from Table 2 that the shorter relaxation time in the 

case of 1-phenyl-propyl-bromide at 30°C is 5.8 ps, which is a little larger 

than the -CH2Cl group relaxation time of 4.9 ps at 30°C in the liquid 
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benzylchloride [13], and compares well ~ith the -CH2Br relaxation time of 

6.3 ps in benzyl bromide [14] in the liquid state. So it is concluded that 

the shorter relaxation time in 1-phenyl-propyl-bromide is due to rotation 

of the -CH2Br end-group. Similarly the shorter relaxation time of 3.7 ps 

at 30°, 1-1hich compares well with the -CH2SH group relaxation time of 3.35 

ps at 30°C in benzylthiol [15] in the liquid state, is attributed to rota

tion of the -CH2SH end-group in 1-phenyl-propyl-mercaptan. From similar 

considerations for 1-phenyl-propyl-amine the ·shorter relaxation time of 

3.3 ps is accounted for by the rotation of the -CH2NH2 group. 

The larger relaxation times of 35.5 and 30.3 ps at 30°C for 1-phenyl

propyl-mercaptan and 1-phenyl-propyl-amine respectively, have a similar 

order of magnitude and may be due to molecular end-over-end rotation. The 

larger relaxation time of 51.3 ps at 30°C in phenyl-propyl-bromide which is 

appreciably larger than the other liquids, is due to higher viscosity in 

this liquid. Thus it is found that the dielectric data in the three 1-

phenyl substituted propanes may be analysed in terms of molecular end-over

end and the end-group rotation, in contrast to the ~-alkyl halides where a 

distribution of relaxation time has been reported. 

It may be seen from Table 2 that both the molecular and end-group 

rotation in all the liquids decrease with increase of temperature as_ is 

usually observed in polar liquids. 

Weight factors: From the value of c1 in Table 2, it is seen that molecular 

reorientation is the major relaxation process in 1-phenyl-propyl,-bromide 

(c 1 ~ .8) which is similar to that (C 1 ~ .8) in benzyl bromide [14] in the 

liquid state. In !-phenyl-propyl-mercaptan the molecular reorientation is 

the major relaxation process (c 1 ~ .65), while in benzylthiol, the group 

rotation (C2~ .73) is the major relaxation process. Similarly in !-propyl 

propylamine, contributions from molecular and end-group rotation are 

almost equal, whereas group relaxation is the major contributing factor 

(C2 "' .85) in benzylamine [14] in the liquid state. The lmvering of the 

contribution from the end-gro~p rotation in 1-phenyl-propyl-mercaptan and 

1-phenyl-propyl-amine, compared to benzylthiol and benzylamine, may be due 

to the fact that the rotational axis is less rigidly fixed in the former 

compounds compared to that in benzyl compounds, as a result of which the 

moment components responsible' for. group rotation in them becomes less. 

Dipole moment: From Table 3, it can be seen that the dipole moment in 1-

phenyl-propyl-bromide is about 1.53 D·which is about the bond moment of 

CH2Br end-group. The dipole moment in this liquid is found tb increase 

with increase of temperature which is an indication of the existence of 
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(a) (b) 

r Fig. 2. Ph-phenyl ring. X Br, SH, NH2 . 

i 

' i 
/~ 

more than one rotational isomer (fig. 2). The proportion of isomers with 

higher dipole moment increases at higher temperatures. 

/ 
\ 

) 
/ 

In the case of 1-phenyl-propyl-mercaptan, the dipole moment is 1.29 D 

which compares with benzylthiol (~ = 1.33 D). In this liquid the dipole 

moment decreases with increase of temperature showing that isomers with 

less moment are abundant ~t lower temperature. 

The dipole moment in 1-phenyl-propyl-amine is 1.34 D and is indepen

dent of temperature. This means that the isomers if any, will be of 

similar moments. 

Activation energy: The heat of activation for molecular reorientation in 

the three liquids are of similar magnitude c~ 1.8 kcal/mole) and is about 

half as much as the heat of activation for viscous flm~ in them. The bar

rier for end-group rotation 6HT 2 in 1-phenyl-propyl-bromide and 1-phenyl

propyl-mercaptan is about 1 kcal/mole. The potenti3l barrier for internal 

rotation in 1-phenyl propyl-amine is about 120 Gal/mole only, which means 

that there is almost free rotation of the -CH~NH2 group in this liquid. 

The difference in the values of t
00 

a~d n D in all the liquids, 

suggests the possibility of the presence of a third high frequency 

~~ absorption region in the liquids. 
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Microwave absorption and relaxation processes in thioanisole 
in the liquid state 
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Jadavpur, Calcutta 700032 
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Complex dielectric permittivities in thioanisole in the liquid state 
have been measured at different microwave frequency regions. The 
dielectric data have been analysed in terms of molecular and intra
molecular relaxation processes. 

l. INTRODUCTION 

Molecular and intramolecular relaxation have been reported in the case of anisole 
in the liquid state (Vaughan et al 1963, Garg & Smyth 1967) as well as in dilute 
solution in benzene (Forest & Smyth 1964, Farmer & Walker 1969, Klages & 

Krauss 1971). Though the molecular relaxation time 71 in the pure liquid and 
in dilute solution are almost the same (71 = 15 p.sec. at 20°0), the methoxy group 
relaxation time72 = 3 p.sec at 20°0 and its contribution C2(0.2) to total polariza
tion in the liquid state. differs considerably from the values of 7 2 = 7 p.sec at 
20°0 and C2 = 0.8 in dilute benzene solution. The drastic reduction of the 
weight factor C2 (0.2) for methoxy group rotation in the liquid anisole from its 
value (C2 = 0.8) in the dilute benzene solution has been attributed by Garg & 
Smyth (1967) to some restraint in the C-0 bond as a result the methoxy group 
rotation is not completely free but hindered. The increase in the methoxy group 
relaxation time (72 = 7 p.sec) in dilute benzene solution was suggested by Ghatak 
et al (1974) as due to the formation of weak bond between 7T-electron of the ring 
and hydrogen atom of the methoxy group. · 

The -S-CH3 group in thioanisole is similar to the -O-CH3 group in anisole. 
It will be interesting to compare the dielectric behaviour of the two molecules 
in the pure liquid state. With ·this object in view, investigations on microwave 
absorption in thioanisole in the liquid state were carried out in the wavelength 
regions 3.49 em., 3.17 em., 1.62 em., 1.25 em. and 8 mm. The results are pre-
sented and discussed in the present communication. · 

Chemical: A pure sample of thioanisole was obtained from EGA Chemie 
(West Germany). It was distilled under reduced pressure before use in the 
investigations. 

133 
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2. EXPERIMENTAL 
; 

The dielectric permittivity e' and dielectric loss e" at different microwave 
frequencies were measured by Suber's (1948) method. 

The static dielectric constant e0 was measured at 1 MHzfsec obtained from 
an crystal controlled oscillator, the refractive index nn was determined with an. 
Abbe refractometer and the viscosity 1J and density d were measnred with an 
Ostwald viscometer and a picnometer respectively. 

Al,l the dielectric data were obtained at temperatures 30, 50 and 70°C. The 
temperature of each experiment was controlled within ±1 oc by a thermostat. 

3. RESULTS 

The va1ues of e' and e" obtained at different microwave regions and at different 
temperatures together with the values of e0 and viscosity (1}) and density (d) at 
different temperatures are given in table 1. 

Table 1. Values of e0, e', e", 1J and d ~or thioanisole at different temperatures 

..lorn 3.49 3.17 1.626 1.249 0.83 

Temp. en e' e" e' e" e' e" e' e" e' e" 1J d 
oc grnjcc 

30 4.88 4.41 0.57 4.39 0.58 -3.83 0.64 3.63 0.61 3.37 0.53 1.05 1.05 

50 4.65 4.30 0.51 4.28 0.52 3.80 0.61 3.65 0.60 3.38 0.53 0.80 1.03 

70 4.53 4.20 0.50 4.17 0.51 3.80 0.58 3.67 0.57 3.40 0.51 0.54 -1.01 

The Cole-Cole arc plots (shown in figure 1) were drawn in the complex plane 
and the high frequency dielectric constant 6 00 and the distribution parameter a 
were obtained from the arc plots as usual. Appreciable value of the distribution 
parameter at all temperatures as also the curvature in the plot of e' vs e"w in
dica~ed the presence of more than one relaxation mechanism. 

So the dielectric data were analysed in terms of two relaxation processes 
by straight forward calculations using equations due to Kastha (1968) and used 
successfully by others (Ghatak 'et all974, Bhattacharyya et all970, Kastha et al 
1969, Hasan et aZ1971). The values of 7 1 and 7 2 at different temperat1ll'es toge
ther with the weight factor 0 2 are given in table 2. The activation energies for 
dielectric relaxation for the molecular orientation ~H71 and for group rotation 
~H72 were obtained from the straight line plots of log 71T vs IJT and log r 2T 
vs 1fT respectively.' The activation energy for viscous flow ~H'I} was obtained 

" '·' 

.... -
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from the plots oflog 1J vs 1fT. The values of b.H7v b.H72, b.H1J, a, nn2 and dipole 
moment (m) are included in table 2. 

Fig. I. Cole-Cole arc plot of thioanisole 

4. DISCUSSIONS 

From table 2 it can be seen that both the molecular and intramolecular 
relaxation times decrease with the increase of temperature as is generally observed. 
The intramolecular relaxation time 7 2 is found to' be much less dependent on 
temperature and consequently on viscosity than the molecular relaxation time. 
This shows that the groups are well shielded from the influence of neighbouring 
molecules. The molecular relaxation time 7 1 of about 22 p.sec at 30°0 in the 
liquid thioanisole obtained in the present. investigations is larger than the value 
of 7 1 = 15 p.sec at 20°0 either in the liquid anisole (Garg & Smyth 1967) or its 
solution in benzene (Forest & Smyth 1964, Farmer & Walker 1969, Itlages & 
Krauss 1971). This is consistent with the sizes of the molecules. The -S-OH3 

group relaxation time 7 2 = 3 p.sec at 30°0 in the present case compares well 
with the -O-OH3 group· relaxation time of 3 p.sec at 20°0 in the liquid anisole. 

T 1 X 1012 T2 X 1012 
£ll'!T1 tlHr2 tl!fr11 Mean 

Temp a eao nv2 in in 02 m in m moment oc sec. sec. k.calfmole k.calfmole k.cialfmole minD 

30 0.24 2.91 2.50 22.7 3.0. 

50 0.23 , 2.90 2.46 16.7 2.7 0.63 2.01 0.77 2.54 1.32 

70 0.22 2.91 2.43 13.1 2.2 
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It ,is interesting to note that the weight factor 0 2 for group rotation in thio
anisole (table 2) is about 0.63 which is much larger than the 0 2 = 0.2 in the case 
of liquid anisole. So it appears that the -S-ORa group rotation in thioanisole 
in the liquid state is much less hindered than the -O-OR3 group rotation in anisole 
in the liquid state. 

This is also supported by the fact that the activation energy for -O-OR3 

group rotation in the liquid anisole is about 1.5 k.calfmole (Garg & Smyth 1967) 
which is much larger compared to the D.Hr2 = 0.770 k.cal.fmole for -S-OR3 group 
rotation in thioanisole in the liquid state. The weight factor 0 2 for group rota
tion in thioanisole can be estimated from dipole moment considerations. For 
this purpose the dipole moment of thioanisole in the liquid state was calculated 
by using Onsager equation (Smyth 1955) from the measured values of .static 
dielectric constant e0, refractive index n]J and density (d) of the liquid. It is 
found to be 1.32 D, which compares well with the literature value (Smyth 1955) 
of 1.27 D. The weight factor 0 2 is given by the ratio of the square of dipole 
moment component perpendicular to the axis of rotation (O-S axis) to the square 
of the total moment of the molecule i.e., 

02 
= (1.32 sin 57°)2 = 0 70 (1.32)2 0 ' 

where 57° (Smyth 1955) is the angle made by the group moment with the 0-S 
axis. 

Thus the theoretical values of 0 2 = 0. 7 for -S-OR3 group rotation- agrees 
well with the experimentally obtained value of 0.63. 

This supports the earlier conclusion that the -S-ORa group rotation in the 
liquid thioanisole is more or less free unlike the case of -0-0Ra group rotation 
in anisole in the liquid state. 

The apprt::?iable difference between the values of eoo a,nd nD2 (ta,ble 2) 
indicates the presence of a third absorption region in mm. wavelength region of 
the type of Poley absorption (Poley 1955). 
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Microwave absorption and internal rotation in son1e 
dicyanoalkanes in ben~ene solution. part-I. 

K. SENGUPTA, S. K. RoY AND S. B. Roy 

Optics Department 

Indian Associarion for the Cultivation of Science Jadavpur, Calcutta-700032 

In order to understand -the dipole reorientation processes in 
Jlex.ible chain molecules, the diektric permittivities and dielectric 
losses of three dicyanoalkanes irl benzene solution have been 
measured at wave lengths 0.8, 1.25, 1.65 and 3.49 em at different 
temperatures. The dielectric data could be represented by cole 
cole are plots and were analysed in terms molecular reorienta
tion and internal rotation of the -CH2 CN groups. The potential 
barriers to molecular reorientation AH't1 and to internal rotation 
AH't2 have been determined. The temperature dependence of 
the apparent dipole moment was attributed to the presence of 
more than one conformer in each of .the compounds. The 
increase in the distribution parameter a with increase in tempera
ture in 1, 3 dicyanopropane has been explained. 

1. INTRODUCTION 

Studies on the dielectric absorption of microwaves in a number of alkyl
halides (Higasi et al 1960, Vaughan et al !962) showed that the results could 
be analysed in terms of relaxation ;times between two limits, the lower limit 
being determined by the segmental orientation of the terminal-CH2 Br group 
and the upper limit corresponding to the end-over-end rotation of the entire 
molecule. Similar studies in the case of a,w- dihaloalkanes (Garg et al 1973, 
Suresh Chandra et al 1972) with the two dipoles attached to the two terminals; 
showed that -the results would be equally represented by Davidson-Cole 
skewed arc plots and also by the assumption of two indepe·ndent Debye type 
absorption processes. In order to have a clear understanding of the dipole 
reorientation processes in flexible chain molecules, a programme was under
taken to ex,tend similar studies in th~, case of a number dicyano-alkanes. In 
the present paper is reported th:e res).lltS obtained from the llJicrowave 
absorption in 1, 2 dicyanoethane, 1, 3 dicyanopropane and 1, 4 dicyanobutane 
in benzene solution together with a discussion of ·the results. 
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2. ExPERIMENTAL 

Chemicals : Pure samples of 1, 2 dicyanoe:thane, 1, 3 d:icyanopropane , 
and 1, 4 dicyanobutane were procured from Schuchardt (Germany). These 
were dried and distilled under reduced pressure before use in the investi
gations. The boilirig points and refractive mdices in all the liquids were in 
agreement with the literature values. 

Apparatus: The apparatus for the measurement of dielectric permit
tivity E' dielectric loss E" in the region 0.8, 1.25, 1.62 and 3.49 em microwav.es 
were described in an earlier paper (Das et al 1973). The static dielectric 
permittivity Eo was measured at 1 MHz, 'the refractive index nn was deter
mined with an Abbe, refractometer. The viscosity "f) and density d were 
measured. with a Ostwald viscometer and a pycnometer respectively. The 
temperature in each experin1ent was kept cons·tant within ± 1 oc by means 
of a thermostat. The estimated errors in the determination of E' and F!' were 
about 2% and 4% respectively. 

3. RESULTS 

The experimental values of E' and F!' at diff.erent microwave frequencies. 
and at different temperatures are given in table 1. The values of Eo, 

n21), density (d) and viscosity "fJ at different temperatures are given in 
table 2. Complex plane plots (figure 1) of the dielectric permittivity t and. 

t ,, 
" 

I 
6'- 4·00 

70°C 
30°C 

COLE- COLE f>RC PLOT OF 1,2 OICYANOETHANE 

Fig. 1 

dielectric loss E" show a symmetric distribution with a depressed centre in 
each of the dicyanoalkanes at all temperatures, unlike the case in n alkylhalides 
(Vaughan et al 1962), a,w- dihaloalkanes (Garg et al 1973, Suresh Chandra 
1972) etc. where such plots showed assymmetric distribution. Ihe distri-
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30°C 
70CC 

COLE- COLE ARC PLOT OF 1 J 3 OICYANO PP.OPANE 

'3·00 f'_,.. 4·00 

~0°C 
30°C 

COLE-COLE AI?C PLOT OF 1,4 DICYANOSUiANE 

Fig. 1 

bution parameters a from the arc plots in the present dicyanoalkanes, were 
found appreciable at all ~emperatures, which is an indication of the presence 
-of more than one relaxation processes in them. Attempts were then made to 
.analyse the dielectric data in terms of two relaxation processes, making use 
-of Bergmanns equations (1960) 

c.'-e: . .o cl c2 

a ---- ------- + 
Eo--E cc 1 +wz-.lz 1 +w2 -.22 

...... (·1) 

e:" C1W't1 C2W't2 

b - + 

Eo-e: ce I +w2't12 1 +w2-.z2 
...... (2) 

from which was derived a simplified linear equation. 

Sx-Py-1 == 0 .......... (3) 
bw aw2 

where S == 't"1 +-.2, P = 't1't2, x = -- and y = 
1-a 1-a 

L____________________________/ 
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Table 1. Observed and calculated v~lues of dielectric permittivities and dielec-
tric losses in benzene solution. Concentrations are in mole fractions 

.098 1, 2 dicyanoethane in benzene 

----
f = 8.6 GHz f = 24.05 GHz f = 24.05 GHz f = 36.2 GHz. ~ ....... 

toe 
E' Obs i' Obs 

,, ,, ,, , ~ 
i Cal " E

1 
Obs E' Cal i Obs E' Cal .!' Cal E' Obs i Cal i' Cal cS E Cal E Obs E Cal E Obs E Obs 

~ 
~ 
"<:: 

30 4.05 4.04 1.06· 1.03 3.22 3.28 1.00 1.04 3.08 1.05 .96 .95 2.8•2 2.78 .80 .77 
(1:) 

~ 
~ 

45 4:04 4.04 .98 .97 3.23 3.31 1.02 1.03 3.12 3.07 .98 .96 2.81 2.80 .79 .79 C5 
~ 

60 4.02 4.02 .90 .89 3.28 3.33 1.00 1.01 3.16 3.09 .98 .95 2.78 2.80 .79 .81 :::t 
C)" 
;:::s 

.085 1, 3 dicyanopropane in henzenc .. ;::;· 
30 3.81 3.66 .70 .77 .3.05 3.16 .78 .80 2.92 2.98 .73 .76 2.76 2.74 .68 .66 ~ 

~ 
N 

45 3.80 3.65 .61 .72 3.08 3.16 .76 .76 2.94 3.00 .72 .72 2.75 2.77 .63 .64 ~ 
;:::s 
~ 

60 3.82 3.61 .50 .66 3.08 3.16 .72 .72 2.95 3.01 .70 .70 2.74 2.79 .62 .65 "" C) ...... 
~ 

.073 1, 4 dicyasobutane in benzene .... cs· 6 
;:::s 

30 3.34 3.34 .78 .76 2.91 2.92 .62 .61 2.75 2.75 .52 .56 2.70 2.68 .48 .47 

45 3.31 3.32 .76 .77 2.85 2.85 .60 .M 2.75 2.75 .52 .52 .65 2.64 .42 .41 

60 3.32 3.33 .76 .76 2.84 2.83 .64 .64 2.73 2.72 .56 .55 2.60 2.60 .43 .42 w 
....,J 



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

The equation (3) was solved by the metht>d of least squares described in 
an earlier paper (Roy et al 1976). The calculattions for tp.e determination of 
't'1, 't'2, C1 were• carried out on IBM computer 1130. The calculated values 
c.', c.'' are included in table 1 for comparison with the .observed! values. The 
values of 't'1> 't'2, c1 at different temperatures are given in· !table 3 and those 
of E co are included in table 2. The barriers Ito molecular reorientation 

Table 2. Values of Eo, n2n , E.o , d, 11 of the dicyanoalkanes in benzene 
solution. 

Eo tl2 
J) dgm/cc '11 c.p. 

1, 2 dicyanoethanein benzene. 

30 u 4.78 2.20 2.40 .878 .47 
45 4.68 2.18 2.36 .867' .42 
60 4.55 2. t5 2.30 .. 850 .36 

1, 3 dicyanopropane in ben7ene. 

30 4.30 2.21 2.35 .•. 880 .50 
45 4.20 2.17 2.35 .865 .42 

60 4.08 .2.15 2.27 .850 .36 

I, 4 dicyanobutane in benzene. 

30 4.20 2.21 2.38 .874 .50 

45 4.10 2.19 2.38 .864 .44 

60 4.02 2.15 2.32 .850 .38 

AH't'1 and 1to internal rotation AH't'2 were obtained frorh the straight line 
1 1 

plots of log log 't'1 T vs - and log T 't'2 vs - respectively. The heat of 
T T 

1 
activation for viscous flow was obtained from the plot of log 11 vs T The 

dipole moment (.L was calculruted from the equation (Tay and Crossley 1972) 

rr2-
r -· 

41tN 

where N is the number of solute molecules per m1 of the solution. 
The values of AH't'r. AH't'2 , AHY} and (.L are included in table 3. 

4. DISCUSSION 

(4) 

lvlolecular and internal relaxation time. It can 1:-e seen from table 3 that 
the larger relaxa;tion times 't't at any temperature in 1, 2-, 1, 3- and 1, 4- dicya
noalkanes respeotively are consistent with the increasing sizes of the molecules 

~ 
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and are evidently the molecular relaxation times. The molecular relaxation 
time "t'1 of 22.6 p.s at 30°C in 1, 4 dicyanobutane is comparable with the 
molecular relaxation time of 23 p sec. at 25oC in 1, 4 dibromobutane (Grag 
et al 1973). 

Table 3. Values of ct., "t'1 , "t'!!, Cr, .!lH"t'b .!1H"t'2, aHT) and !J. in the dicyanoal
kanes in benzene solution, cone. in mole Jiraction 

30 

45 

60 

30 

45 

60 

30 

45 

60 

.070 

.065 

.060 

.10 

.II 

.13 

.16 

.14 

.13 

14.3 

13.1 

11.8 

20.6 

17.0 

15.8 

22.6 

19.8 

17.1 

.098 I, 2 dicyanocthane. 

4.8 

4.1 

3.6 

.80 

.80 

.79 

0.64 

.085 1, 3 dicyanopropane . 

5.8 

4.6 

3.7 

. 51 

.60 

.57 

1.34 

.073 1, 4 dicyanobutane . 

3.6 

2.3 

1.8 

. 79 

.84 

.85 

1.24 

aH"t'.:: aH11 !J.-
kcal/mot kcal/mol (Debye) 

1.20 2.09 

2.42 2.06 

3.69 2.02 

3.50 

3.57 

3.65 

3.66 

3.68 

3.79 

3.86 

3.88 

3.9& 

The shorter relaxation time "t'2 lying in the range 4-5.8 p s at 30°C, com
pare well with the relaxation time 6.5 p.sc. at 30oC of the acetonitril (CH3CN) 
(Eloranta & Kadaba 1971) molecule in benzene solution and is most probably 
due to the rotation of the CH2CN groups in each of rt:he dicyanoalkanes. 
It may be noted thait both the melecular and intramolecular relaxation times 
decrease with increase of temperature of the solutions as is usually observed in 
polar liquids. 

Dis.tribution parametl!lr. The distribution parameter ct. (table 2) in 1, 2 -
and 1, 4 - dicyanoalkane, decreases as usual with increase of temperature, 
but in the case of 1, 3 dicyanopropane, the ct.--value increases with increase 
in temperature. Similar increae in the value in 1, 3 propane dithiol (Rdy 
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et al 1976) at higher temperatures was attributed 1to tthe increase in the pro
portion of lthe higher energy TT conformer which, being more extended than 
the other conformers GG and TG, has got a larger relaxation time than the 
o1her two forms, so the same explanation is applicable for the increase in 
a-vi!.lue at higher tmperature in the 1, 3 dicyanopropane which also has 
three conformers in the liquid state (Matsubara 1961, Yamadera 1958, 
Thorjomsrud 1972). Further it can be seen that at any temperature, the 
a-value is in the increasing order from 1, 2 dicyanoethane to 1, 4 dicyano
butane, probably due to the number of segmental oscillation around the 
various C-C bonds increase, with the increase in number of such bonds. 

Weight fao,to.rs. The molecular reorientation is found to be (table 2) 
the major relaxation proet:ss in 1, 2 - and 1, 4 - dicyanoalkanes, whereas 
in 1, 3 dicyanopropane the contribution from the internal romtion (C2 = .45) 
is only a little less than that of the molecular relaxation. 

BarrieJr to molecular and internal rotation. The barrier to molecular 
reorientation (aH-.1 ) in 1, 2 dicyanoethane and 1, 3 dicyanopropane in 
benzene solution· are about 0.64 and 1.34 kcal/mol respectively and are about 
half the value of the baHier to internal rotation of (1.2 and 2.42 kcal/mol) 
the -CH2CN groups in 'the respective molecules. In the case of l; 4 dicya
nobuitane th!e barrier to internal rotation (alh~ = 3.69 kcal/mol) is about 
~hree times as large as that due to tl1e molecular reorientation. ]t is also 
noted that the barrie.r to internal rotation increases with the increase in the 
number of C-C rotational axes. 

Dipole momnt. In all the three dicyanoalkanes in benzene solution, the 
apparent dipole mornelllt (table 3) is found tto increase with increase of tem
peratur-e of the solution indicating thereby the presence of more than one 
conformer in each of them and that ,the conformer with higher moment is 
of higher energy form. From spectroscopic studies it is reported that in 1, 
2 dicyanoethane in the pure liquid state there exist two conformers trans 
and gauche, the latter being of the lower energy form but having higher 
dipole moment. In the present studies, in 1, 2 dicyanoethane in benzene 
solution, the conformer having hi~her dipole moment is of higher energy 

. form, which is just opposite to that in pure liquid. 'f.he difference in behavier 
in pure liquid and in solution, may be explained as due to the molecular 
association in the pure liquid but in solution such association does not exist. 

In !the case of I, 3 dicyanopropane (Thorjornsrud 1972) in the liquid 
state, three forms GG, TG and TT are present, the former two forms are in 
comparable proportion while the TT form p~esent in minute proportion. 
From the bond moment and bond angle calculations, the dipole moment of GG 

.. 

':1( 
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((.1=3.8D) and TG ((.1=4.0D) (Fig. 2) are nearly the same and that of TT 
form ((.1 = 4.5D) is appreciably highr. 

TG 

GG 

J-=4·0D 

Fig. 2. Molecular configurations of 1, 3 dicyan~propanc. 

So the increase in the apparent dipole moment with increase in temperature 
in ·this liquid may be attributed to the increase in tthe proportion of the TT 
form at higher tempemture. This is also supported by -the 'increase in the 
distribution parameter a at higher temperatures as mentioned earlier. 
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Microwave absorption and relaxation processes 1n 
some halogenated esters in the liquid state. 
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In ordler to sltudy the possibility of internal rotation and · 
ascertain molecular configtJJrations in halogenated esters, compleoc 

, dielectric perrnittivities have been measured at different frequen
cies and at different temperatures in the esters of ethyl 3-chloro
propionate, methyl 3 bromopropionate and methyl-4 chloro
bUltyrate in the liquid state. The dlielectric data were analysed 
in terms of two relaxation processes. The larger relaxation 
time "t'1 was aJttribmed to molecular reorientation and the 
shorter one "t'2 to the rotation of CH2X (X = halogen) group. 
The potential barriers to molecular orientation Alh1 and to 
internal rotatoin AH"t'2 have been determined. The molecular 
reo["ientation (c1 = ·7) was found to be the maJor relaxation 
process in all the esters. The observed values of the dipole 
moment was about 2.2--2.3 D and was almost temperature 
independent. From a comparison of the observed dipole 
moment and tlle moments estimated £rom bond moments and 
bond angles for possible conformers, the conformers present in 
the esters have been ind:icwted. 

1. lNTRODUCflON 

0 
II R' 

The general predominance of the trans conformer c / over the cis 
R/ '\..o 

0 
I , 

conformer C-0 m aliphatic esters such as formrutes and acetates has 
/ l 

R R' 
been attribUlted to the rigid coupHng of alkyl mdical of ttb.e ester group with 
carbonyl oxygen (Kaprovich 1954, Nozdtrev 1965, Piercy and Subrahmanyan 
1965, Oki and Nakanishi 1970). As a result the alkoxy group is not free 
t9 rQtl\t(f apolJt tht; C-O l!onc;l in format~~ a,nc;l <t<;-etates. Piyle~tri<;- rylaxatiQQ 
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studies in these estelf& (Rajyam and Munty 1973) have shown that motecular 
reorientattion is the only relaxation mechanism in these esters. In substituted 
esters 1 however; though the basic ester skeleton of the compounds retains the 
cis conf1gurarion, tt:he inle!rpal rotation about ·the C-C bond is possible and 
such rotation has been reported in methyl ohloroacetate (Mizushima 1954), 
ethyl bromo.~cetate, halc-brutyrates (Srivastava and Dinanath 1974) etc. In 
order to ,study .J;he possibility of internal rotation and acelitain the molecular 
configurations in some halogenated esters, dielectric absorption. measurements 
at different illicrowave frequencies, hav..e been carried out in ethyl 3 chloro
propionate, methyl 3 bromo-propionate and methyl 4-chlorobutyrate in the 
liquid state at different temperatures. The results of the investigations are 
reported and discussed in :this. -paper. 

2. EXPERIMENTA_L 

Pure samples of ethyl 3 chloropropionate, methyl 3 brolJ.lO propionate 
procured from Fluka {Switzei'land)_ were distilled under reduced pr~ssure 
before use in the investigaJtions. 

AppaJ;atus : ·The al?.paratus fo!f the dielectric measurements at microwave 
frequencies and staltic frequency -were the same as ,described in an .~rlier 

paper (Pas et al, 1973).. The -refractive index was measured 'Yith ftl).d Abbe 
refractometer, the gensity with a ·Pycnometer and the viscosity with .a yisco
met:er. Thermostat was used for maintaining the temperature ,of the .experi
ment constant wjthin ± 1 °C. Estimate.d errors in. the det~rmination of E' ·and 
&' are. about 2% ad 4% respectively. 

3. REsULTS 

The -experimental values of E' and E" are given in table 1. Cole-Cole 
plots (Fig 1) of the didectric data. showed high value of distribu:tion a. jn all 
the cases i1;1pica:ting mo~·e •than one relaxation processe& . in each case. The 
method of analysis of the data in termes of two relaxation processes was 
described earlier (Roy .et al, 1976). The Cal~ulated va;lues of o.' and:'<(' are 
included in Table 1 for comparison. The values of Eo, n 2n , E

00
, d and 11 

are given in table 2. The barriers to molecular orientation and intemal 

rotati0n were obtained· from the plots of ·log ·'t'1 T vs ~ and log 't'2 T vs + 
respectively. The aotivation energy for viscous flow was obtained from the 

graph, log 11 vs T· The dipole moment was calculted fro?1 Eo anti density, 

by using Onsager's equation. The values of 't'1> 't':2, c1o AH't'1, AH't'2, 

AH'r) 11nd IJ. are given in table 3. 
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Table 1. Ob~rved and calculated villues of dielectr.ic permittivity t and 
dielectric loss . t' 

f = 8.59 GHz f = 18.43 GHz f = 23.96 GHz f = 35.12 GHz 
-- Ul 

rc E' cbs i Cal .(' " f! obs E' Cal .(' obs E" Cal E' obs E' Cal f!' obs i' Cal E
1
obs e' Cal .(' obs E" Cal obs E Cal ~· 

~ 
Ethyl 3 chloropropionate. 0 :;::: 

30 5.84 5.83 2.82 2.81 4.54 4.53 2.24 2.24 4.16 4.15 2.08 2.07 3.60 3.63 1.77 1.'79 ~: 
50 6.00 5.99 2.85 2.85 4.47 4.46 2.29 2.29 4.08 4.09 2.08 2.08 .t59 3.59 1.78 1.77. (./} 

(1) 

70 6.08 6.09 2.48 2.47 4.64 4.64 2.09 2.08 4.29 4.29 1.91 1.91 3.86 3.84 1.68 1.67 t::::S 
00 
~ 

methyl 3· bromopropionate. 'i::l ........ 
p:l 

30 5.80 5.60 . 2.78 2.80 4.20 4.37 2.15 2.21 3.96 3.99 1.98 2.01 3.48 3.49 1.64 1.66 p:l 
t::::S 

50 5.92 5.71 2.60 2.67 4.45 4.57 2.18 2.16 4.20 4.13 2.02. 2.00 3.40 3.61 . 1.51 1.70 0.. 

70 6.10 5.68 2.40 2.48 4.58 4.55 2.04 2;()6 4.15 4.19 1.98 1.97 3.30 3.68 1.42 1.76 
Ul· 

o; 
methyl 4 chlorobutyrate. 

~l 

30 6.55 6.11 2.21 2.38 4.85 5.00 1.95 1'.94 4.59 4.70 1.80. 1.84. 4.05 4.23 1.58 1.69 0 
'<. 

50 6.65 6-.10 2.00 2.32 4.80 4.98 1.89 1.89 4.54 4.70 1.80 1.79 4.08 4.29 1.60 1.70 

70 6.72 6.3-3 1.72 2.08' 5.25 5.20 1.92 1.85 4.74 4.91 1.80 1.77 4.20 4.50 1.60 1.72 

-~ ";· 
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Table 2. Values of Eo, n
2

" 
, E ;o,- d and 1J 

Eo n2 
D E:o dgm cc 

ethyl 3 chloropropionate. 

10.19 2.0(2. 2.56 1.09 

9.45 1.99 2.52 1.07 

8.64 1.97 2.60 1.04 

methyl 3· promopropionate:. 

5.81 2.11 2.72 1.6 

5.92 2.08 2.68 1.48 

6.10 2.06 l.5'0 1.451 

methyl 4 chlorobrutyrate 

9.51 2.04 2.88 1.11 

9.12 2.0l 2.56 1.08 

8.51 1.99 2.44 1.07 

Table 3. Values of a, 1:1, 't'2, cl> <lH't'1o ..6.H't'2, ..6.H1J and (.1 

(f.. 

.22 

.18 

.18 

.20 

.21 

.24 

.24 

.29 

.29 

't'l X l'(}l?Sec. 1:2 X 1Q12Sec .. c l ..6.H't'l 

34.6 

25.5 

21.1 

48.2 

40.7 

36.0 

31.3 

27.7 

22.4 

Ethyl 3 chloropropionate. 

5.1 .'11 1.87 

4.4 

3·.3 

.72 

.73 

methyl 3 brompropionate. 

·6.8 .n o.9 
5.9 .70 
4.8 .. 65 

methyl 4 chlorobutyrate 

3.8 ,.67 . 1.13 

2.9 .65 -

2.4 . .i9 

4. DISCUSSION 

..6.H't'2 ..6,HTj 

2.68 2.65 

1.11 3.11 

1.74 2.44 

45 

"f1cp.· 

1.21 

.91 

.74 

1.49 

.99 

.82 

.89 

.70 

.55 

(.1 
(Debye) 

2.'1.7 

2.88 

2.2,3 

2.15 

2.17 

2.26 

2.17 

2.20 

2.2.5 

It can be seen from Table . 3 that the reduced molecular relaxation time 
· ( 't'1/1J) m the thre·e esters, ethyl 3 chloropmpionate, methyl 3 bromo
propionate and methyl 4 chlorobutyrate at 30°C are 28.6, 32.0 and 35 p.Sec. 
respectively and are consistent with the increasing· sizes of the molecules. 
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The values of these relaxrution times compare well with the molecular relaxa
tion time 't"1 = 34 p.sec. at 3o•c in ethylchloroaeetate reported .by Srivastava 
and Dinanath (1973). The shorter relaxation time 't"2 .lying in the -range 

(It) 

Fig. 1. Cole Cole plots of (a) me- 4 chi. butyrate (b) ethyl-3 chl propionate 

-4-5 ps at Jo·c iu the present esters compares.well w.ith .the CH2Cl .. group.rotation 
( 4.4 p.s) in benzylchloride in the liquid state (Turner et al 1970) and is 
therefore attributed to the relaxation time of -'Cll2Cl group rotation in erthyl 
3- chloropropionate· and methyl 4-chlorobutyra,te. Similalfly the ·shorter relaxa
tion time 't"2 of 6.8 p.sec. at 3o·c in methyl 3 bromopropionate: which comparable 
to the of CH2 Br group rotation ·(6.3 p.Sec.) in benzyl bromide (Hasan 
et al 1971), is evidently due to :the rota.:tion.•of- CH2 B,r group in the methJyl 
bromopropiQllaite. It may be noted . here that both _ molecula.r and gro.up 
relaxation- -times decrease with increase of temperature, though . the rate ·-of 
their decrease is quite diflerent. 

Weight. factors : As can be seen from table 3, t,hat the value of w~ight 
factor cl -= .65-.7 in all .the ,este.rs, indicating that molecular_,reorienJtatipn 
is <the major relaxaJtion process in all of them. This value . pf C1 is in 
conformity with the value of C1 = .65 in halobutyrates repotited by Srivastava 
and Dinanath (1974). 

Distribution Paramete,r: The value of the distribution parameter (table 2) 
in "found to be appreciably large ·in all ·the esters and it is the· highest in 
the -methyl 4-chlorcibutyrate. Thds indicates that the ·number of relaxation 
processes in :the methyl -4-chlorobutyrate 'is larger than the other- two esters. 



; 

1 
' 

Microwave absorption in the liquid state ·_ 41 

It is quite plausible because there are: two axes of internal rotation in the 
propionates, while, in the chlorobutyrates there are three suoh rotational. 
axes. 

Tran-Cis 
R --·-

Trans-Gauche 

Gauche- Gauche 

Fig. 2a. Conformers of methyl 3 bromopropionate 

Potential:- barriers to mo(ecular and internal lfotation : The barrier to 
molecular reonerthtation AH't'1 (Table 3) in ilie case of ethyl-3 chloJio
pi'opioiiate is· highest (AH-tl = 1.87 kcal/mole) and is lowest in methyl 3-bromo-· 
propionate (~H-.1 = 1 kcal/mo1e). The barrier to internal votaJLion (AH't'2 ) 

itt· each·· case is found to oo .higher than :the covresponding value for the 
barrier to· molecular reorientation. 

Dipole moment and molecular configUJrations: The experimentally obtained 
values of~ the dipole· moment is found to lie in fr..e ranga 2.2-2.3D (table 3} 
in alf the- three esters and is almost tem~rature independent. The existence 
of the internal rotation in each of the esters, as discussed above, suggeslts 
that the possibility of several rotamers in each esters having two/three axes 
of internal rotation. Assuming •there are a fe:w forms (Fig 2) trans-cis, 
tr~ns-~auch~ an<;l tnm~-trans~ (Fi~. 2a) pres(fn,t in the ethyl 3-chloropropionate 
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and methyl 3-bromopropionate, the dipole moment of each form was caluculated 
from the bond moments and bond angles by vector addition. The values of 
the calculated moment for TC, TG and TT are about 1.9D and IS nearly 

TTT = TGT = TCT 
0 

c2 

CTT 

~ .P A 

=~ 
0 . 

TTG :TGG = GTG 
) 

~ =cr. b v 

Fig. 2b. Coqformes of methyl 4 chlorobutyvate 

I 

equal to ·the observed dipole momentt. The calculated moment for the GG 
form is about 3.24D which is· much larger than ~he observed value of 2.2D. 
So it is concluded that the eSters of ethyl 3 ohloropropionare. and methyl 
3 bromopropionate consist of TC, TG and TT forms, which having 
similar moments, the apparent moment does not change with tempetrature. 
It may. be nO!ted here that Som et al (1976) reported the presence of at least 
two fo·nns of rotame1rs in these e~ters of which TC is more stable than the 
otber. The ester of methyl 4-chlorobutyrate has three illtemai axes of 
rotation and has about eight possible rotamers of which TTC, · 1TG, TGG, 
TGT and TTT (Fig 2b) are considered for calculation. 

The observed moment of 2.2D agrees well with ·the calculated moment of 
2.4D for TTG and TGG forms, but differ much from that of TIC. (3.2D) 
and TGT & TTT (IJ.= .3D). It is ,therefore concluded that th~ major 
constituents of methyl 4-chlorobutyrate are TTG and TGG conformers. 
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Dielectric relaxation· in substituted propanes in the liquid 
state 

S. K. Roy, K. Sen Gupta, A. Ghatak, and A. Das 

Optics Department, Indian Association for ihe Cultivation of Science, Calcutta 700032, India 
(Received 10 September 1975) 

Complex dielectric permittivities of 1,3-propanedithiol and 1,2,3-tribromopropane in the liquid state have 
been evaluated at 0.85, 1.25. 1.62, 3.17, and 3.49 em in the microwave regions at different temperatures. 
The activation energies for dielectric relaxation and viscous flow have been determined. The dipole 
moments of both molecules have been calculated. The. distribution 'parameter in 1,3-propanedithiol was 
found to increase with increase in temperature, and a possible explanation is given. 

INTRODUCTION 

Recently it has been reported from studies of dielec
tric relaxation in some· rotational isomeric molecules, 1

- 4 

that the distribution parameter 01, 'in the case of 1, 
· 2-propanedithiol, 1 increases with increase in temper
ature, while it decreases in 1, 2-dihaloethanes, 3'

4 

1, 2-dihalopropanes, 2 and 1, 2-ethanedithiol. 1 The in-
crease in the distribution parameter 01 in 1, 2-propane
dithiol was accredited to the increase in the relative 
concentration of the gauche 2 conformer, which at 
lower te'mperatures is present only in minute propor~ 
tion. 

Similar investigations in the cases of 1, 3-propane
dithiol and 1, 2, 3-tribromopropane in the liquid state 
have been made with a view to study hoW the distribu
tion parameter 0! in these liquids behaves With change 
of temperatures. The results obtained, have been pre-

. sented and discussed in this paper. 

EXPERIMENTAL 

Chemicals 

Samples of 1, 3-propanedithiol and 1, 2, 3-'tribromo
propane of 9S% purity were procured from Ega Chemie 
(Germany). These were dried and then distilled under 
reduced pressure before use in the investigations. The 
boiling points in the two cases were 170 and 220°C, · 
respectively, which _are in agreement with literature 
value~. 

TABLE I. Values of E ', E ", and E 0 at different temperatures. 

Temp 
} =0. 85 em ;\=l.25em ;\=1.62 em 

oc E' E" E' E" E' E" 

1, 3-propanedithiol 

30 5.56 1,40 5, 96 1,40 6.27 1. 41 
50 5,46 1.29 5,84 1.20 6,10 1.20 

E' 

Apparatus 

The dielectric pe~mittivity E' and dielectric loss E" 

in the 0. 85, 1. 25, 1. 62, 3. 17, and 3. 49 em microwave 
regions were measured by Surber's method. 5 The 
static dielectric permittivity· Eo was measured at 1 MHz 
obtained from a crystal controlled oscillator. The re
fractive inaex nn was determined with an Abbe refrac
tometer. The viscosity 1] and density a·were measured 
by an Oswald viscometer and a pycnometer, repec.
tively. The temperature in all the experiments was 
controlled within± 1 oc by means of a thermostat. 

RESULTS 

The values of E ', E ", and E0 at different tempera
tures for the two liquids are given in Table I. The di
electric data were fitted in Cole-Cole arcs (Fig. 1). 
The high frequency dielectric permittivity E~ and the 
distribution parameter 0! were obtained from the arc 
plots in the usual manner.· The effective relaxation 
time TWas determined from the relation v/u=(wT) 1'"', 
where v is the distance on the Cole-Cole plot betwe'en 
Eo and the experimental point and u is the distance be
tween the point and E~. The heats of activation for di
electric relaxation AHT and viscous flow AH~ were ob
tained from the plots of IogT T vs 1/T and log1] vs 1/T, 
respectively. The dipole moment 11 of each molecule 

. was calculated from the static dielectric permittivity 
E 0, density d, ,and high frequency dielectric permit
tivity E~ using Onsager's equation. 

;\=3.17 em ;\=3,49em ;>.=300m 

E" E' E" Eo 

7.00 1. 26 7. 06 1,09 8.11 
6,63 1.00 6,72 o. 97 7.64 

70 5.36 1,08 5.64 0,96 5.82 0.95 . 6.24 0.80 6.32 0.79 7,16 

1, 2, 3-tribromopropane 

30 2.81 0.49 2. 92 0.58 3,04 0.68 3.48 0,95 6.00 
50 2.77 o. 56 2, 93 o. 71 3,08 0.79 3. 56 1. 08 5. 66 
70 2.76 0.60 2,95 0.78 3.13 0, 90 3.72 1.10 5,30 
85 2.83 0,69 3.04 0.84 3,23 o. 94 3.88 1. 04 5,10 

The Journal of Chemical Physics, Vol. 65, No. 9, 1 November 1976 Copyright© 1976 American Institute of Physics 3595 
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E-

/ 
FIG. 1. (a) Cole-Cole arc plots of 1, 3-propanedithiol. (b) 
Co~e-Cole arc plot. of 1, 2, 3-tribromopropane. 

The values of n~, E.,, 0!,% d, flH~, .llH~, arid 11 are 
given in Table II. The accuracy in the determination 
of E' and E" is about 2% and 4%, respectively. 

DISCUSSION 

1 ,3-propanedith iol 

It can be seen from Table II·that the value of the re
laxation time Tin 1, 3-propanedithiol is about 6. 3 psec 
at 30 o C, which compares well with the value of 6. 2 
psec at 20°C in 1, 2-propanedithiol. 1 This shows that 
the molecules are of similar sizes. 

The heat of activation for viscous flow 6.H~ in the· 
1', 3 propanedithiol is about 2. 5 kcal/mole which com
pares well with the corresponding value of t.H,., = 2. 3 
kcal/mole in 1, 2-propanedithiol. But the heat of ac
tivation for dielectric relaxation 6.Hr "'2. 2 kcal/mole 
in the former is much larger than the value of 6.HT 

= 1. 15 kcal/mole in the latter. 

The distribution parameter· 0! in 1, 3-propanedithiol 
(Table II) is found to increase with increase in tem
perature. This is similar to the case of 1, 2-propane
dithiol but unlike that in 1~ 2-ethanedithiol, or 1, 2-di
substituted ethimes2•3 and propanes. 1.4 

It is also seen from Table II that the apparent dipole 
moment 11 of 1, 3-propanedithiol in the liquid state in-

TABLE II. Values of TJt, E.,, d, TJ, a, T, 6.Hn 6.H~, and 11. 

Temp 1Jb E., d 1j a T 6.JlT 

creases with increase in temperature indicating that 
there is more than one conformer present in the liquid 
and the relative proportion of t~e· conformer with higher 
dipole moment increases with increase in temperature. 

Spectroscopic studies have shown that three con
formers· GG, TG, and TT are present in 1, 3-propane
dithiol6 as in the case of 1, 3-dihalopropanes7

'
8 and the 

relative proportion of the three forms8 are in the di
minishing order of GG 65%, TG 35%, and TT 5%. So 
it is probable that in 1, 3-propanedithiol, the con-. 
formers are in similar proportion, i. e. , TT form is 
present in very small quantity. From an approximate 
calculation of the dipole moment (see Appendix and Fig. 
3), it is found that the moment of the TT form is larger 
than that of GG form,· while the moment of the TG form 
is intermediate between them. So from the increase 
in the apparent dipole moment with increase in tem
perature, .it is concluded that the relative proportions 
of the TT and/ or TG conformers. which are present 
in smaller proportion at low.,er·temperature, increase 
at higher temperature. The TT form, being more ex
tended than the TG and GG forms, should have larger 
relaxation time;· which causes an increase in the value · 
of the distribution parameter 0! at higher temperatures. 
In this respect, the dielectric behavior of this liquid 
is similar to the case of 1, 2-propanedithiol. 

1,2,3-tribromopropane 

Since the viscosity 1J of this liquid (3. 9 cP at 30 o C) 
is much larger than that of 1, 2-dibromopropane4 

(1. 26 cP at 20 o C), it would be convenient to compare 
the reduced relaxation time ( T/1J) of the two liquids. 
The reduced relaxation time in the present liquid is 
12pseccP-1 at 30°C, which is a little larger than that 
of 10psec cP-1 at 20 oc in 1, 2-dibromopropane. This 
shows that the 1, 2, 3-tribromopropane molecule is a 
little larger in size than the 1, 2-dibromopropane mol
ecule. 

The heat of activation for dielectric relaxation 6.H~ 
"'3. 3 kcal/mole in 1, 2, 3-tribromopropane is much 
larger than the 6.H~ "'1. 5 kcal/mole in 1, 2-dibromo
propane. This is probably due to a third bromine atom 
in the former molecule. · · 

The heat of activation for viscous flow t.H,., "'3. 65 

6.H~ llD 
•c g/cc cP xro12 sec kcal/mole : cal/ mole 

1, 3-propanedithiol 

30 2.37 3.76 1. 07 1. 07 0.26 6.3 1,26 
50 2.34 3.42 1.06 0,85 0,31 4.8 2.2 2,5 1. 37 
70 2.30 3.24 1. 03 0.70 0.39 3.6 1,44 

1, 2, 3-tribromopropane 

30 2,49 2.49 2.39 3. 92 0.28 48,2 1. 56 
50 2,46 2.46 2.35 2,59 0,22 30.9 3,3 3,7 1. 57. 
70 2.43 2.43 2.3i 1.86 0.17 22.0 1, 57 
85 2,41 2.41 2,29 1,50 0.15 16.1 1.57 
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kcal/mole in 1, 2, 3-tribromopropane is larger than 
the activation energy of dielectric relaxation t.HT = 3. 3 
kcal/mole as is generally observed. 

The distribution parameter a in this liquid, in con
trast to that in 1, 3-propanedithiol, decreases with in
crease in temperature as observed in· other polar mol
ecules. 

The apparent dipole moment of 1, 2, 3-tribromopro
pane in the liquid state (Table II), is found to be tem
perature independent. 

From spectroscopic studies9 it has been reported 
that, of the nine possible conformers in 1, 2, 3-tri
chloropropane, ·only two conformers (Fig. 3) are pres
ent in the liquid, the major form III being more abun
dant than the minor form I. Similar results have been 
reported in 1, 2, 3-tribromopropane10 also. The di
pole moment of these conformers arises mainly from 
the C-Br bond moment attached to the three carbon 
atoms, the CH2 moment being negligible. From Fig. 
2, it can be easily seen that in each conformer, the 
moment of one C-Br bond attached to orie carbon atom, 
cancels that in another carbon atom, the moments be
ing in opposite direction. Only one C-Br bond moment 
("" 1. 6 D) remains, which is the moment of each con
former. This explains that any incresse in the rela
tive proportion of the less stable conformer, with in
crease in temperature, does not affect the app:uent di-

Br 
' ' 

Br ' ' 

H 

H 

y 

TT 

GG 

y 

TG 
H Br FIG. 3. Three conformers in 1, 3-propanedithiol. 

Major form :m: 

H 

Minor form I 

FIG. 2. Two conformers in 1, 2, 3-tribromopropane. 

pole moment in the liquid. Moreover, since the con
. formers are of similar sizes the distribution param
eter a does not increase with increase of tempera
ture. 

Finally, it should be noted that the large difference 
in the values of n ~ and €~ in 1, 3-propanedithiol, in
dicates the presence of a Poley type absorption in the 
high frequency region. Such adsorption is absent in 
1, 2, 3-tribromopropane in the liquid state, since 
the n~ and €~ values in this case are almost the 
same. 
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APPENDIX 

Approximate calculation of the dipole moments of·the three conformers of 1, 3-propanedithiol from the bond mo
ments and bond angles, the CH2 moment being small, is neglected. Jl.t = Jl.c-s = 0. 9 D, J1. 2 = Jl.H-s = 0. 7 D, ~CCC 
= 110° (Minkin et al. 11) and ~CSH= 100° (Shaw et al. 12

). • 

TT conformer 

x component of Jl.c-s attached to two carbon atoms= Jl.t cos35°- Jl.t cos35° = 0 

x component of Jl.H-s ·attached to two sulfur atoms= J1. 2 cos45o- J1. 2 cos45'' = 0 

y component of Jl.c-s attached to twci carbon atoms= Jl.t sin35° + Jl.t sin35° = 12}J.1 sin35° 

y component of Jl.H-s attached to two sulfur atoms= J1. 2 sin45o + }J. 2 sin45° = 2J,L2 sin45< 

Total moment of TT form= 2J1.1 sin35° + 2}J.2 sin45° = 2. 006 D 

GG conformer 

x component of J1. c-s attached to two carbon atoms= Jl.t cos 75 ° - Jl.t cos 75 ° = 0 

x component of Jl.H-s attached to·two sulfur atoms= tJ. 2 cos25o- 1J. 2 Cos25° =0 

y component of IJ.c-s attached to two carbon atoms =-IJ. 1 sin75°- llt sin75° =- 21J. 1 sin75° 

y component of IJ.H~s attached to two sulfur atoms= IJ. 2 'sin25o + 1J. 2 Sin25° = 21J. 2 sin25° 

Total moment of the GG form=- 2}J.1 sin75o + 21J. 2 sin25° =- 1. 14 D 

TG conformer 

x component of Jl.c-s attached to the two carbon atoms =-IJ.1 cos35°- Jlt cos75° =- 0. 97 D 

x component of llH-s attached to the two sulfur atoms= JJ.2 cos45° - Jlz cos25° = - 0. 20 D 

Total•x component=- (0. 97+0. 20)=-1.17 D 

y component of Jlc-s attached to the two carbon atoms= Jlt sin35°- Jlt sin75° =- 0. 39 D 

y component of llH-s attached to the two sulfur atoms= JJ. 2 sin45o + JJ. 2 sin25~ = 1. 12 D 

Total y component= 1. 12- 0. 39 = 0. 73 D 

Total moment of the TG form= .J x2 + y2 = 1. 4 D 
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Dielectric Relaxation in p-S_ubstituted Thiophenols in the Liquid State 
Subir K. Rov, Kamalendu SENGUPTA, and S. B. RoY 

Optics Department, Indian Association for the Cultivation of Science, Calcutta-32, India 
(Received April 21, 1975) 

The dielectric absorption in 4-methylthiophenol and 4-chlorothiophenol in the liquid state has· been studied 
· in 0.8, 1.25, 1.62 and 3.49.cm micro"'!'ave regions. Molecular and intramolecular relaxation times, their relative 
·.weight factors and the heats of-activation have been determir1ed. The results have been discussed and compared 

with other related molecules. 

Intramolecular rotation of various polar groups in 
aromatic moleculesl-3) in dilute solutions and in pure 
liquids has been studied extensively. Such studies of 
intramolecular rotation of SH group in organic mole
cules are rather few. Fong and Smyth4> reported .the 
intramolecular rotation of SH group in naphthalene
thiol in dilute benzene solution. Recently, Hasan et 
al., 5> from studies of dielectric relaxation in benzenethiol 
and benzylthiol in the liquid state reported that intra
molecular rotation of the SH group was the main 
relaxation process in both the thiophenols. From a 
comparison of the values of SH group relaxation time 
T 2 and its weight factor C2 in the thiophenols, with 
the corresponding -r2 and C2 values for OH group 
rotation in phenols and substituted phenols reported by 
Aihara and Davies,6> Hasan et al.5> concluded that the 
intermolecular hydrogen bonding S-H .. ·S are negli
gible in the thiophenols even in the liquid state. 

The object of the present investigations was to extend 
similar studies in the case of p-substituted thiophenols in 
the liquid state' and' compare the results with the 
corresponding p-substituted phenols. The results ob
tained in the case of 4-methylthiophenol and 4-chloro
thiophenol are presented and discussed in this paper. 

Experimental 

The apparatus for the measurements of dielectric permit
tivity 1/, dielectric loss e" in the· region 0.8, 1.25, 1.62 and 
3.49 em microwaves were described earlier.7> The static 
dielectric constant e0 was measured at 1 MHz, the refractive 
index np was determined with an Abbe refra'ctometer, the 
viscosity '1J was measured with an Ostwald viscometer and 
the density d with a pycnometer. The temperature in each 
e~perjment was· kept constant within ± 1 °C by means of 
a· thermostat. The estimated errors in e' and e" are about 
2% and 4% respectively. 

Results 

The experimental values of s' and s" .at different 
microwave frequencies together 'with the values of e0 

at different temperatures are given in Table l. These 
data were then fitted in Cole-Cole arc plots (Fig. I). 
The high frequency dielectric constant eoo and the 
distribution parameter C(. were· obtained as. usual from 
the· arc plots. · The values of eoo in each case· was 
fourid much higher than that. of np2• The· value·s of 
·the distribution parameter were appreciably high at 
.all temperatures, indicating the presence of more than 
·one relaxation process: This was confirmed by the 
non.linear plots of s' vs e"w. The dielectric data were 

Fig. 1. Cole-Cole arc plot of 4-thiocresol. 

then analysed in terms of two relaxation processes 
following the equations of Bergmann et al. 8> and as 
simplified by Bhattacharyya et al. 9) for straightforward 
calculations. 
Bergmann's equations are 

and 

a = e' -Boo C1 + (1-C1) 

s0 -eoo 1 + w21:1
2 1 + w2r 2

2 

e" 
h=---

The simplified equation9> is .. 
1-a · aw --= 'it + r. - ---'it<• 
bw " · b • 

which can be written in the form 
n 

::E Sxi - Pyt - 1 = 0 
i=l . 

where 
bw aw2 

S = r 1 + r 2, P = r 1r 2, x = -- and y = --
.1-a 1-a . 

(1) 

(2) 

(3) 

(4) 

Eq. (4) is a linear equation and can be solved by 
the method of least squares. From the principle 
of least square, it can be easily shown from Eq. (4) 
that · 

(5) 

n n n n 

::EY.: ::E xl-::EXt ::E XtYt 
P= _i=_I ___ i= __ I~ __ i_=_I __ i_=_I __ __ 

c~ XiY.:J -;~ Xt
2
iitYt

2 

(6) 

.Solving Eqs. (5) and (6), -r1 and -r2 can be calculated. 
The value of C1 is then determined from the equation 

. given below, ·obtained from Eqs. ( 1) and (2) by applying 
the least square. principle. · · 
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TABLE 1. OBSERVED. AND ·CALCULATED VALUES OF ·DIELECTRIC PERMITTIVITY e' AND DIELECTRIC LOSS 6
11 

, • , I • 

Freq.=8.60 GHz Frcq.= 18.50 GHz 
roc Freq.=24.03 GHz Freq.=35.13 GHz 1MHz 

e' obsd e'calcd e" obsd e''calcd 
, , 

8 a bsd B cn.lcd .e" obsd · B
11 c~lcd e' 0 bsd e'en led e"obsd e" cnlcd e' obsd e' calcd 8

11 
obsd e" calcd 

Bo 

4-Methylthiophenol 
50 i 3.83 3.68 o.66· o:7o: 3.!2 3.35 0.50 0.51 3.24 3.28 0.44 0.45 3.13 3.20 0.36 0.39 4.74 
70 3.85 3.68 ·0.59 0.66 3.31 3.34 Oo48 0.50 3.23 3.27 0.42 0.43 3.12 3.19 0.34 0.36 4.56 
85 3.85 '3. 70 0.54 0.63 '3.32 3.37 0.47 ·0.47 3.24 3.25 0.41 0.41 3.09 3.19 0.32 0.33 4.43 

4-Chlorothiophenol 
65 3.43 3.40 0.20 0.22 3.27 3.27 0.21 0.21 3.22 3.23 0.20 0.20 3.16 3.18 0.18 0.18 3.59 
85 3.40 3.39 0.18 0.18 3.26 3.27 0.20 0.20 3.23 3.23 0.19 0.19 3.18 3.18 0.18 0.18 3.52 

TABLE 2. VALUES OF oc, e~, T1, i 2, !JHri, !JHr; and p 

:roc oc nn2 Eoo r1X1012 s T2Xl012 s cl !JHr1 
kcalfmo1 

!JHr; 
kcalfmol 

4-methylthiophenol 
50 0.23 2.43 2.91 29.7 3.1 0.79 1.31 2.03 1.4. 
70 0.22 2.40 2.92 25.8 2.6 0.79 .. 
85 0.22 2.38 2.92 22.2 1.9 0.82 

' 4-Chlorothiophenol 

65 0.21 2.50 3.00 17.7 
85' '0.19 2.47 2.99 14.2. 

n n n n 

2J adi + 2J bigi-2J fd;.'- 2J gig/ 
i=l i=l i=l i=l cl = _____ n ___ n _____ _ (7) 

L: .N + L: gi2 
i=l i=l 

where 

fi = (fi-j()., fl = 1+ah·12' f' = l+ah22 
' 

wr1 , wr2 
gi = (gl-g'), gl = 1+w2r12' ·g =:= 1+w2r22. 

The value of eoo a~ obtain~d from Cole-Cole plot 
may not coincide with the actual value in Eqs. (1) 
and (2), but it will lie between the nn2-value and e'
value obtained at the highest microwave frequency 
used. So, to start with, any''value for Soo within the 
above limit is assumed and -r1 , -r2 and C1 values are 
determined. With these values of Tl, T2 and c~, the 
values of e' and ,e" are calculated from Eqs. ( 1) and 
(2). The value of eoo is then varied and the process 
is repeated till the mean sq).lare. de'-;iation A, from the 
rel~tion . , . 

{ 
, , }2 

A _·~'(, ·_ , )2 +. e obsd-6 calcd . 
- kJ 8 obsd B ca.lcd ' n 

is found to be minimum .. : Th!'! 'n' is a scaling factor 
to reduce the error' in. e', to the ··same magnitude of 
the error in e". A value of n=3. is used in the present 
case. The values of. eoo, 1-1; -r2 and C1 · are given in 
Table 2. All the calculati9ns were carried on the 
IBM Computer 1130.. :The ~alcul?-ted values of 
e~· and e" are included in Table 1 . 

. The activation energies .. for dielectric relaxation and 
viscous flow were obtained from the straight line 
.plots of log -rT vs. lfT and .log r; vs. lfT respectively. 
.The qipole moment in ·the case of 4-methylthiophenol 
:was calculated from e0 ?-nd .density d using Onsager's 
equation. The values of IX, n~2, LlH-r1, LlHr; and p are 

2.8 0.63 ·2.00 
2.4 0.62 

included in Table 2. 

Discussion 

It can be seen from Table 2 that the molecular 
and intramolecular relaxation times in both the· para 
substituted thiophenols, decrease with increase in 
temperature as is generally observed in polar 'liquids, 
so also the distribution parameter IX decreases with 
increase of temperature. 

The intramolecular relaxation time -r2 for SH group 
rotation in both the liquids are of the same order 
(~3ps) and compares well with the -r2-values in thio
phenol (2.6 ps) ·and in benzylthiol (3.1 ps) in the 

. liquid state reported .earlier5> as also. in naphthalene
thiol (2.5 ps) in dilute solution in benzene reported by 
Fang and Smyth.4> Thus it is found that the SH 
group relaxation times in pure liquids as also. in dilute 
benzene solution are almost the same, showing thereby 
that the intermolecular hydrogen bondi,ngs S-H· .. S of 
the type hydroxyl· hydrqgen bonding, observed in 
phenol and substituted phenols,1°> are negligible in 
the thiophenols even in the liquid state. 

It would be interesting to compare the -r1 and -r2 
values of the present liquids, with those of p-substituted 
phenols reported by Magee and Walker.10> Though 
the molecular· relaxation time -r1 of 29.7 ps at 50 oc in 
4-methylthiophenol compares well with the value of 
-r1 =32 ps. at 25 °C in 4-methylphenol in p-xylene 
solution, the SH group relaxation time of 2.85 ps in 
the former, is definitely much smaller than the OH 
group relaxation time -r2=8.4 ps in the latter. · The 
molecular relaxation time -r1 = 17.7 ps: at 65 oc in 4-
chlorothiophenol in the liquid state is almost half the 
value of.-r1 =39 ps in 4-chlorophenol inp-xylene solution 
and the -r2-value of 2.8 ps for SH group rotation in 
the former 'is about our fourth the -r2-value of 12.7 ps 
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for OH group rotation in the latter. The unusual 
lengthing of the OH group relaxation of p-substituted 
phenols in p-xylene solution was attributed by Magee · 
and Walker10l to association among the solute mole
cules, in addition to the effects of solvents. The 
lengthing of molecular relaxation time (-r1 =39 ps) ih 
4-chlorophenol in dilute p-xylene solution to double 
the <rvalue of 17.7 ps in 4-chlorothiophenol, seems to 
suggest that a dimer has been formed in p-chlorophenol 
molecule by association with other solute molecule 
probably through . H-Cl hydrogen bond. Similar 
bond formation is not. observed in 4-methylphenol in 
the p-xylene ·solution. · 

Weight factors': ·It: is seen from Table 2 that the 
weight factor cl for . 4-methylthiophenol and 4-chloro
thiophenol are about 0. 79 and 0.63 respectively. An 
estimate for the weight factors for both the thiophenols 
can . be made from. consideration of bond moments. 
Assuming the moments of .UcHa=0.37D, .Uc-s=0.9D, 
,uH:_~:.:_0,7D, .Uc-m=l.5D and LCSH=l35?1l and 
remembering that the CH3 group moment is directed 
towards the benzene ring, the moment components 
responsible for SH group rotation are .u2=0.49D in both 
the ,molecules, while the moment components respon
sible for molecular · reorientations are .u1· 0.8 D in 
methyl thiophe,nol and .u1 = 1.1 D in 4-chlorothiophenol. 
From the above values of .u1 and .u2, the ratio of the 
weight factors in the tw~ cases are, 

c2 =( 0;49 )2 = 0.24 or cl = 0. 73 
C1 · 0.8 0.64 · · 

iri · 4-methylthiophenol and 

c2 =( 0.49 )2 = 0.24 or cl = 0.83 
C1 .I. I 1.21. · 

in 4-chlorothiophenol. Thus the ·weight fa~tors C1 for 
molecular reoriel).tation in both the liquids are larger 
. than· that for' group rotation. The is in conformity· 
~ith the values obtained ·experimentally. It may be 
noted here tha,t some uncertainty may arise in the 
calcuhited value , of the dipole moment il). 4-chloro
thiophenol, due to appreciable mesomeric ~harge shift 
occurring acr<;>ss the molecule.12) 

The activation energy LlH-r1 for molecula,r relaxation 
in 4-methylthiophenol is about 1.3 kcalfmol which, 
as usual, is less than the corresponding activation 
energy of LlH~=2 kcalfmol ~or viscous flow. In the 

case of 4-chlorothiophenol, the dielectric data could 
be taken only for two temperatures and therefore 
activp.tion energy LlH-r1 may not be reliable in this 
case. 

The values of Eoo in both the p-substituted thio
phenols are ·appreciably larger than the value of nn2 

at all tempera.tures. This indicates. the presence of 
·<!-.third dispersion region of the 'Poley type' in the high 
frequency region. 

The dipole moment of 4-methylthiophenol has been 
· determined· from e0 and density d, ·using· Onsager's 

equation and is found to be l.4D, whk~ agrees well 
with the· value of 1.46D· obtained from borid moment 

. c~lculation ·of the CH3 group in the para postition of 
thl.ophenol (.u= 1.22D). · 

The authors express their sincere thanks to Professor 
(}. S. Kastha for helpful discussions and to Mr. D. 
Bhowmic for his help in making the computer pro
gramme. 
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Potassium p- (trans-Hyponitrito-N,N')-bis{pentacyanocobaltate(III)} 
and Potassium p-(Trans-Hyponitrito-0,0')-Bis

{Pentacyanocobaltate (Ill)} 
Hiromichi OKAMURA,* Eiichi MIKI, ** Kunihiko MIZUMACHI, and Tatsujiro IsHIMORI 

Department of Chemistry, College of Science, Rikkyo University, Nishi-lkebukuro, Toshima-ku, Tokyo 171 

(Received July 28 1975) 

K 6[Co2(CN)10(N20 2)] ·2H20 (orange salt) was prepared by reaction ·of [Co(NO) (NH3) 5]Cl2 with an aqueous 
solution of potassium cyanide. K 6[Co2 (CNh0(N20 2)] .4H20 (yellow salt) was obtained by adding an aqueous 
solution of the orange salt to methanol. On the basis of IR and Raman spectra for their 14NO- and 15NO-salts, 
and of IR spectra for their gaseous decomposition products, the orange salt is considered to be a linkage isomer 

. of the yellow salt with respect to the trans-hyponitrito bridge. It is presumed that the orange salt is potassium 
p- ( trans-hyponitrito-N,N')-bis{pentacyanocobaltate (III)}, the yellow salt being potassium .u-( trans-hyponitrito-
0,0')-bis{pentacyanocobaltai:e(III) }. 

Toyukil) andJezowska-Trzebiatowska et al. 2> prepared 
K 6[Co2(0Nh0(N20 2)]-4H20 with a cis- or skew
hyponitrito bridge by the method given by Nast and 
Rohmer. 3> On the other hand, Raynor4> prepared 
K 6[Co2(CN)10(N20 2)] • 4H20 with a trans-hyponitrito 
group, according to the method given by Nast, Mesche 
and Neubauer.5> While investigating the method of 
Nast and Rohmer,3> ·we prepared two new isomers 
with· a trans-hyponitrito group, K 6[Co2(CN)10 (N20 2)] • 

nH20 (n=2 or 4 for orange and yellow salts, respec
tively).o> 

This paper describes studies on the two isomers with 
resp(!ct to IR and Raman, spectra, UV spectra, and 
thermal decomposion. The product prepared accord
ing to the method ofNast and Rohmer3> is also discussed 
by comparing its IR absorption bands with those of the 
two 'is'omers. 

· · Experimental 

Preparation. Synthetic procedures and elementary 
analyses for the orange and the yellow salts were reported in 
detail.6l From I to 3 g of [Co(NO)(NH3) 5]Cl2 was used for 
preparing the orange salt. Powdered [Co(NO)(NH3) 5]Cl2 

was added little by little to a 30% aqueous solution of'potas
sium cyanide with stirring in order to keep the reaction vessel 
at constant temperature ( -10 °C). The procedure differs 
from that reported by Nast and Rohmer.3l Yield, 0.6-2 g. 
Xg (at 293K) =-0.45 X I 0-6 ( c.g.s.). One gram of the orange 
salt was used for preparing the yellow salt. Yield; 0.8 g. 
xg (at293K)=-0.36x I0-6 (c.g.s.). 

Thermal Decomposition and Decomposition with 10% Potassium 
Cyanide Aqueous Solution. Decomposition was carried out 
in a vacuum line. A reaction vessel containing the salt (ca. 
0.5 g) was heated in vacuo in an· electric furnace at a rate of ca. 
1-2 °C min-1 • Both the orange and the yell0w salts de
composed violently at ca. 155 and 116 oc, respectively, to give 
gray powders. About 0.5 g of the salt was added in a reaction 
vessel containing 5 ml of 10% KCN solution frozen with the 
aid of liquid nitrogen, and the reaction vessel was evacuated. 
When the frozen solution was melted, both the salts decom-

* Present address: Synthetic Chemistry Laboratory, 
Nissa Chemicals Co., Ltd., 12-8, Goi-Minamikaigan, 
Ichihara, Chiba 290 
** Present address: Department of Chemistry, The 

University of Texas at Austin, Austin, Texas 78712 

posed by contact with the aqueous solution. The gaseous 
products thus obtained were dehydrated with P40 10 and 
transferred to a gas cell with windows of calcium difluoride. 

Measurements. The magnetic susceptibility was meas-
ured by the Gouy method. The IR spectra of the salts were 
measured as Nujol and hexachlorobutadiene mulls in the 
region 200-4000 cm-1 on JASCO 402G and JASCO model 
IR-F spectrometers. The Raman spectra of the powdered 
samples ·were recorded in the region 100-1500.cm-1 on a 
JASCO R-300 spectrometer equipped with He-Ne laser. The 
gaseous products were identified by means qf their IR spec
tra. 7l The mole ratio of the liberated NO to N20 was 
determined.8l , '".fhe ~iffuse reflection spectra of tlie salts were 
measured with a Hitachi EPS-3T spectrometer. The UV 
spectra in aqueous solution were recorded with a Hitachi 124 
spectrometer. 

Results and Discussion . 

Raman and IR Spectra for the Orange and YellowSalts. 
·Wave numbers of theIR and Raman bands and their 
assignments are summarized in Table 1. 

Raman Spectra: Upon 15NO-substitution (15N atom% 
=95), the bands at 1257 and 1165 cm-1 for the orange 
salt shifted downwards by 31 and 39 cm-1, respectively 
and, the bands at 1412 and 1070 cm-1 for .the yellow 
salt shifted downwards by 43 and 18 cm-1, respectively. 
Upon 15NO-substitution (15N atom %=50), the 1257 
cm-1 band for the orange salt shifted and split into three 
peaks at 1253, 1242, and 1226 cm-1 (their intensity 
ratio 1 : 2 : 1). The same phenomenon was observed 
with the yellow salt; the 1412 cm-1 band shifted and 
split into three peaks, 1414, 1392, and 1369 cm-1 (their 
intensity ratio 1 : 2: 1). This indicates that N-N bond 
is present in both the orange and yellow salts. For 
other bands, no isotopic shifts upon 15NO-substitution 
could be observed. The bands in the region ca. 400-
550 cm-1 are considered to be due to the Co(CN) 5 
group.9l 

IR Spectra: The bands at 1157, 609, and 299 cm-1 
for the orange salt shifted downwards by 21, 14, and 
2 cm-1 upon 15NO-substitution (15N atom %=95), 
respectively, while the bands at 987, 630, and 329 cm-1 

for the yellow salt shifted downwards by 15, 6, and 
6 cm-1, respectively. 

The 1630 and 3580 cm-1 bands for the orange salt 
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Dielectric Studies ·of,:ortho~ arid ·para-Bromoanisoles and 
f'-Bromophenetole in the.·Liquid State· 

Alpana GHATAK, Arati DAs, and Subir Kr. RoY 
Optics Department, Indiqn Association far· the Cultivation of Science, Calcutt~ 32, India 

(Received February 8, 1974) 
' I ~ I : 

i 

·comple~ dieleCtric permittivities in ortho- and para-bromoanisoles ·and {J-bromophenetole in the liquid state 
have been measured in 1.6, 3.17, .and :S.49 em microwave regions at 'different tempera~ures. The dielectric data 
were analysed in terrris of molecular ahd intramolecUlar relaxation times. The value~ of methoxy .group rela)(a
tion times and its· contribution to· total polarization obtained in 'the liquid bromoahi~oles have been compared 
to the corresponding values in dilute solutions reported in literatures. Activation ener'gy for dielectric relaxation 
and viscous flow in all the cases have also been obtained in all the liquids. 

From studies of dielectric relaxation in anisole an'd: 
dimethoxy benzenes in the liquid state Vaughan et al.ll' ·' · · 

• I 
Ex)_)eritnental 

reported that the relaxation time df methoxy group Pure samples of o-bromoanisole, p-bromoanisole and 
rotation 'l'2 and its contribution· C2 to totaL p·olariza'tion · . {J-bromophenetole: were dried with fused calcium 'chloride 
are about 3 ps at 20 °C and 0.2. respectively excepting and then subjected to fractional distillation. The proper 
in the.case_of o-dimet4oxy benz~n(! where. C2=0.7. fraction was t'h!!Ii distilled under reduced pressure before 
G~rg and Smyth2J' extended the investigation' in liquid use ih the investigation. The experimental arrangement for 
anisole at still higher frequency region and reported the m,easurement or dielectric: ~ermittivity 8

1
, dielectric loss 8", 

similar v~lues of .. 2 1;1~~ c2. These values of .. 2 and r::2 st~tic die~ectri~. ~on~tant 8o,i refractive_ index nn, viscosity 7j, 

in anisole and p-dimethoxy benzene in dilute sohitioris and .. ~ensr~y rl at d~ffere~t te:peratures were ~he same as 
reported by different workers3-5) are found to be 7- de~cnbed m ~n earh~r pap~r. The accu~acy m th~ meas-
9 t . 20 oc d 0 7 t' 1 h'l · p b urements of 8 ·and 8 wete about 2 and 5 Yo respectrvely. ps a · an . respec 1ve y, w 1 e m - romo- ::. ': - · · 
anisole in dilute solution though the 'l'2 value is 9 ps 
at 20 oc; the C2 is .·only 0.2 a~ ·~~ported by Farmer ·and 
Walker.4> So it appears that the methoxy group 
relaxation time and its contribution c2 in anisole or 
dimethoxy benzene iri dilute solution are larger than 
their values~' in pure liquids.' ~Garg and Smyth2> sug
gested that the reduction in the contribution of c2 of 
the methoxy group rotation from its value in solution 
to .tJ:te- liquid s~ate might l;>e due. to some_. restraint in 
(he: C-0 bond as a r.esult the methoxy group rotation 
iii anisole is not complete~y free but hindered. 

It :will be interesting to study how the methoxy group 
rota don-' .. 2 . and ~ts contril?ution c2 in h<!-lqt~;nisolc::s in 
th~ liq)-lid state, compar~·witP, the corre~poJ;J.ding values 
in dilute sol~tions published in literatures. · The present. 
paper reports the results of .investigation. pn di(!lectric; 
relaxation of o-bromo and p-bromoanisQl.es and. {3-
broniophenetole in the 'liquid 'state· together wit~ a 
c;lis,cussion of the results. · -

R~sults 

: Tfle experilllentally obfained values of 8 1 and 8
11 at 

different wav:e lengths and at different temperatures 
toge.ther with ~0 at 1 MB~ at different temperatures are 
giv~n in Table. 1 and ~tlie viscosity 1), density d and 
refractive index nn at different temperatures are given 
in Table 2. Cole-Cole arc plots (some shown in Fig. 
1) were drawn with the dielectric data. The high 
frequency dielectric constant ero and the distribution 
parameter a w~re obtainea·as·us:ual from the arc plots. 
The large values' of distribution parameter and also ·the 
nonlinear plots of e' vs. e" w indicated the presence' of 
more than one relaxation mechanism in all the liquids. 
The dielectric data were therefore analysed in terms of 
two relaxation processes. by a straightforward analytical 
method developed by K:astha7> -and applied successfully 
by others.8- 10> The values of relaxation times for 

•J .: i TABLE 1. VALUES OF 8
1

, 8
11 

AND 80 

Temp. .A.=1.62 c~ ~=3.17·cffi~ -.A.=3A9cm· 
8o ( : Compound · .oc 

8' 8" 8' 8" 8' 8" 

l :: 3~27 0.97 "3.68 1.41 3;91 1.62 8',96 

o-Bromoanisole 
-_ 3· . .-35 1.--J.l. 3.79 1.55. 4.18 1.82 8.68 

: .70 3.42 1.28 . 3.'96 1.76 .4.20 . 1.91. 8:36 
)l5 -3.45 1.33 4 .. 01 1.91 4.39 2.04 8.1'4 

r 2.~7 0.67 '3.32 1.16 3 .. 46 1.27 7.40 

p-Bromoanisole-
50 2:-99 0.89 3:.35 - 1.43 3.47 . 1.53' 7.12 
70' 3.05 .0.90 3.53 1.44 3.67 1.52 6.82" 
85 3.04 0.99 3.63 f. 54 3.73 J.62' 6:56 ., r 3.12 0.84- 3.48 1.30 3.66 J.34 - 7.04 

/1-Bromophenetole 
55 3.~3 0.95- 3.69 1.34 3.&6 '1.42 6.69 
70 -3.-32. 1.04' 3.88 1.40 4.00 1.45 6.28 
85 3.44. 1.06 .4.02 1.34 4.19 .1.37' . 6 .. 0,0 .... 
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TABLE 2 .. VALUES OF IX, 'I); d, -n~ · AND Bm 

Compound 

o-Bromoanisole 

p-Bromoanisole 

P-Bromophenetole 

Compound 

o-Bromoanisole 

p-Bromoanisole 

P-Bromophenetole 

J2 
"' -1 

Temp. oc 

l 
30 
50 
70 
85 

l 

30 
50 
70 
85 

! 
40 
55 
70 
85 

Temp. oc 

l 
30 
50 
70 
85 

l 
30 
50 
70 
85 

l 

40 
55 
70 
85 

Distribution 
parameter 

IX 

0.175 
0.159 
0.140 
0.059 
0.095 
0.090 
0 .. 084 
0.080 
0.126 
0.116 
0.115 
0.112 

'l'l X 1012 '7:2 X 1012' 
(s) (s) 

48.9 
37.2 
28.7 
22.6 
33.7 
24.9 
23.5 
19.2 
33.0 
28.5 
22.8 
20.6 

10.9 
8.7 
7.7 
6.2 
7.3 
5.6 
4.2 
3.2 
9.8 
8.5 
7.1 
5.6 

Fig. I. Cole-Cole plot of o-bromoanisole at 30 oc (Curve 
I, (!)) and ,8-bromophenetole at 40 °C (Curve II, 8). 

molecular orientation -r:1 · and group rotation· '7:2 and 
weight factor cl for molecular orientation are included 
m Table 3. The activation energies for dielectric 
relaxation by molecular orientation iJH-r:1 and group 
rotation iJH-r:2 were obtained from the slopes of the 
straight line plots of log T-r: vs. 1/T and the activation 
energy fo.r viscous flow iJH'I) were obtained from the 
graphs of log 'I) vs. lfT. The values of iJH-r:1, iJH-r:2, 

and iJH"'j are included in Table 3. 

Discussion 

It can be seen from Table 3 that the molecular and 

Viscosity 
'I) (cP) 

1.998 
1.353 
1.002 
0;.839 
1.499 
1.150 
0.910 
0.769 
2.420 
1. 726 
1.325 
1.003 

0.63 

0.85 

0.65 

Density 
d (gfcm3

) 

1.500 
1.481 
1.455 
1.437 
1.482 
1.457 
1.438 
1.421 
1.409 
1.392 
1.372 
1.356 

Square of 
refractive index 

n~ 

2.46 
2.43 
2.40 
2.37. 
2.43 
2.40 
2.37 
2.35 
2.39 
2.37 
2.35 
2.32 

L1Hr:1 L1H-r:2 LlH1J 
(kcalfmol) (kcalfmol) .(kcalfmol) 

2.28 2.22 3.45 

2.02 2.72 2.70 

2.01 2.16 3.54 

2.94 
2.88 
2.84 
2.80 
2.76 
2.66 
2.64 
2.56 
2.82 
2.81 
2.77 
2.74 

Dipole 
moment 

J1. (D) 

2.15 

1.98 

2.02 

intramolecular relaxation times as also the distribution 
parameter IX in all the liquids decrease with increase of 
temperature as is generally observed. 

The value of molecular relaxation time -r:1 =49 ps 
at 30 oc in o-bromoanisole appears much larger than 
the value of -r:1 =33. 7 ps at the same temperature in 
p-bromoanisole. But the reduced relaxation time -r:1/"'l 
of the two molecules are of the same order ( =23 ps) 
of magnitude, showing thereby that the two isomeric 
molecules are of the same size. 

o-Bromoanisole. A comparison of molecular re-
laxation time. -r:1 of o-bromoanisole and o-dimethoxy 
benzene both in the liquid state, shows that the molec
ular relaxation time. -r:1 "'49 ps at 30 oc in the former 
molecule obtained in the present investigation is almost 
the same as that-of 48.5 ps at 25 oc in the latter reported 
by Vaughan et al.ll '!:his is consistent with the sizes 
of the two molecules. 

The contribution of methoxy group rotation c2 in 
o-bromoanisole in the liquid state is only about 0.37 
as against the value 0. 7 in the case of o-dimethoxy 
benzene in the liquid state. The former molecule 
having C-Br bond ·moment of about 1.55 D as against 
O--CH3 bond moment of =1.3 Din the latter molecule, 
has total moment larger than the latter molecule. So 
the ratio of group moment component to the total 
moment which is a measure of C2 is expected to be 
larger in the latter molecule. 

-

1 
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The contribution of the methoxy group rotation C2 

in o-brorrwanisole can bG c~lculated from the considera
tion of total moment and methoxy group moment of 
the molecule. The O-CH3 bond has a moment of 
about 1.3 D making an angle 55° with the direction 
of C-0 bond in the benzene ring. The component of 
the O-CH3 bond moment perpendiCular to the direc
tion of C-0 bond, which is responsible for methoxy 
group rotation is 

p 2 = I . 3D X sin 55° = I. 06D 

and the total moment of the molecule p 1 can be ob
tained by the vector sum of C-Br bond moment and 
component of O-CH3 bond moment along the C-0 
axis and is given by 

Jll2 = (1.55)2 + (I. 3 cos 55°) 2 

+ 2 X 1. 55 X 1. 3 cos 55° • cos 60° 

= 3.92 

p 1 = I.99D 

This value of 1.99 D agrees fairly well with the experi
mentally ·obtained value of2.15 D. 

Now C2 = (h_) 2 
= ( l.06 

)
2 

= 0.30 
Ill I. 99 

So theoretically calculated value of C2=0.30 compares 
reasonably well with the experimentally obtained value 
ofC2=0.37. 

p-Bromoanisole. The value of molecular relaxation 
time -r1 =33.7 ps and group relaxation time <2=7.3 ps 
at 30 °C as also the contribution from methoxy group 
rotation C2=0.15 obtained in the liquidp-bromoanisole, 
agree fairly well with the values of <1=31 ps <2=7 ps 
at 25 oc and C2=0.2 in p-bromoanisole in dilute solu
tion of p-xylene reported by Farmer and Walker.4> 
The similarity in dielectric behaviour of p-bromo
anisole in pure liquid and dilute solution suggests that 
the dipole-dipole interaction is not very effective in the 
liquid state of the molecule. 

Comparison of the Relaxation Time of Methoxy Group 
Rotation in . Pure Liquid and Dilute Solution. The 
relaxation time of methoxy group rotation in a-bromo
and p-bromoanisole in the liquid state obtained in the 
present investigation are of the same order of methoxy 
group rotation (7-9) ps reported in anisole and sub
stituted anisoles in dilute solutions reported by Farmer 
and Walker4) and Klages and Krauss5> but larger than 
the value of about 3 ps of the methoxy group rotation 
in anisole and dimethoxy benzenes in liquid state 
reported by Vaughan et a[.l> and Garg and Smyth.2> 
So it appears that the methoxy group rotation in 
molecules containing only methoxy group as sub
stituent is less hindered in the liquid state than in 
anisole in dilute solution or in haloanisoles either in 
the liquid state or in solutions. This is supported by the 
fact that the activation energy of methoxy group 
rotation in anisole in liquid state as reported by. Garg 
and Smyth2> is only 1.5 kcalfmol which is much smaller 
than the value of 2.6 kcalfmol for methoxy group 
rotation in anisole in dilute solution in p-xylene cal
culated from the data of Farmer and Walker4> and also 
from the values of 2.2-2.6 kcalfmol (Table 3) for 

methoxy group rotation in the bromo-anisoles in liquid 
state obtained in the present investigation. 

The larger value of the methoxy group rotation of 
anisole in benzene or p-xylene solution than in the 
pure liquid may be due to the formation of a weak 
bond between the n-electron of the solvent molecule 
and hydrogen atom of the methoxy group. Similar 
bond formation in 1,2-dichloroethane and benzene has 
been reported by Chitoku and Higasi.11> 
· {J-Bromophenetole. ~he reduced ·molecular relaxa
tion time -r1/YJ of {J-bromophenetole at 40 oc is about 
14 ps which is smaller than the value <1/Y1=23 ps at 
30 oc in bromoanisoles. Thus the {J-bromophenetole 
molecule appears to be a little bit smaller than the 
molecules of bromoanisoles. 

The group relaxation time -r2=9.8 ps at 40 oc in this 
case is larger than the methoxy group rotation in anisole 
in dilute solution or haloanisoles in liquid state. This 
value of -r2=9.8 ps at 40 oc is also larger than the 
relaxation time of ethoxy group rotation -r2=4 ps at 
40 oc in the liquid state reported by Bhattacharyya 
et al.8> which is consistent with their sizes. 

The contribution of group rotation c2 here is only 
-0.32 as against the value of C2=0.63 in ethoxy group 
rotation in phenetole. The substitution of Br-atom in 
the ethoxy group might increase hindrance and thus 
reduces the value !)f c2 in the present case. 

Activation Energy. The activation energy of di-
electric relaxation by molecular orientation in all the 
liquids are .of. the same order (2.1 kcalfmol) and each 
is smaller than the corresponding activation energy for 
vicous flow as usually observed. 

The activation energy for molecular relaxation 
LIH-r1 =2.1 kcalfmol in p-bromoanisole in liquid state 
obtained in the present investigation is about the same 
as the value of LIHr1 =2.07 kcalfmol obtained for 
p-bromoanisole in dilute solution, calculated from the 
data of Farmer and Walker.4> This shows that the 
dipolar interaction are almost the same in the liquid 
p-bromoanisole and its solution in p-xylene as mentioned 
earlier. 

The activation energy of group rotation in the liquid 
(LIH-r2=2.2 kcalfmol) and in solution (LIH-rll=l.9 kcal/ 
mol) calculated from the data of Farmer and Walker4> 
are also compatible. 

It .can be seen from Table 2 that the values of nn2 

in all the liquids are less than the respective values of 
ero. This indicates the presence of a high frequency 
absorption region as suggested by Poley.12> This 'Poley 
absorption' has been generally explained as due to 
torsional molecular librations in potential minima of 
fluctuating interaction field of the neighbouring mole
cules.13> 

The authors wish to express their sincere thanks to 
Dr. S. B. Roy for his guidance and to Professor G. S. 
Kastha for his keen interest. 
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