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The relaxation times of 2-chloro-, 2-bromo-, 3-bromo-, 2-methyl-, 2-acetyl-and 2-hydroxy-

ridines have been determined in the 3cm microwave region at 20℃ using benzene as

solvent. It has been concluded from the relaxation times of 2-chloro-, 2-bromo-, 3-bromo- and 2-

methylpyridines that these rigid molecules relax predominantly by the process of over-all mo-

lecular rotation. The comparatively small relaxation times of 2-acetyl- and 2-hydroxypyridines

suggest that these non-rigid molecules relax by both molecular as well as intramolecular rotations.

The free energies of activation for dipole orientation for the compounds investigated are always

found to be smaller than those for viscous flow, because the process of dipole orientation involves

only rotation, while the process of viscous flow involves both rotation and translation.

Rampolla and Smyth1) have determined the

critical wavelengths of 2, 4- and 2, 6-dimethyl-

pyridines. The relaxation times of pyridine,

quinoline and isoquinoline in pure liquid state
have been reported by Holland and Smyth2)

Muller and Smyth3) have investigated 2, 4, 6-

trimethylpyridine for the study of its dielectric

dispersion. However it has been observed that

many of the substituted pyridines containing dif-

ferent dipole bearing groups have not been in-

vestigated for their dispersion behaviour. The

purpose of the present investigation is to extend
the dispersion studies in a systematic way to the

halogeno-, methyl-, acetyl- and hydroxypyridines.

Also the potential barrier heights for dipole

orientation and viscous flow have been calculated

at one temperature using Eyring's4) relation and

his estimated values of the frequency factor A

and B.

Theory

Relaxation times have been determined by the

fixed frequency method of Krishna5) for dilute

solutions using the relation

where λ is free space wavelength and the factor

Xand Y are given by:

where ε'=dielectric constant

and ε"=loss factor.

Experimental

The dielectric constant (ε') and the Loss factor (ε")

of solutions required for the calculation of the relaxa-

tion time (τ) are determined by the standing wave tech-

nique of Von Hippel and Roberts6) discussed in an
earlier paper.7)

Meterials. All the substances used are of pure
quality (L.R. grade) and are obtained from Messrs
British Drug House. Purest quality of benzene ob-
tained from British Drug House has been distilled before
use.

Results

The experimental data for the determination of
the relaxation time (τ) in dilute solution of benzene

are given in Table 1. The observed values of the

relaxation time and free energies of activation for

dipole orientation and viscous flow are reported in

Table 2.

Discussion

It is observed from Table 2 that 2-chloropy-

ridine exhibits a smaller relaxation time than 2-

bromopyridine which is in accordance with the
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TABLE 1. EXPERIMENTAL DATA FOR THE DETERMINTION

OF "τ"

(λ=3.13cm; Temperature=20℃)

TABLE 2. VALUES OF THE RELAXATION TIME (τ)

AND FREE ENERGIES OF ACTIVATION FOR DIPOLE

ORIENTATION AND VISCOUS FLOW

greater size of the latter molecule. A similar re-
sult has earlier been observed by Srivastava8) who

observed that the relaxation times of o- and m-

bromoanilines are greater than the corresponding

chloroanilines. The relaxation time of 2-bromo-

pyridene is greater than that of 3-bromopyridine,
although the size of the two molecules is the same.

This can not be explained by the Debye equation

τ=4π η1a3/κT which shows that different relaxa-

tion times are obtained only for molecules having

different molecular sizes. However, if instead

of the solvent viscosity η1, the mutual viscosity

η12 of the solute and the solvent is considered, the

observed difference in the relaxation time is ex-

plained.
The relaxation time of 2-methylpyridine is

found to be smaller than those of chloro and

bromopyridines, which is also expected from the

smaller size of the former molecule. This observed

variation of the relaxation time with the size of the

molecules, leads to the conclusion that the mol-

ecules relax predominantly by the process of over-

all molecular rotation.

The smaller value of the relaxation. time of 2-

acetylpyridine as compared to those of 2-chloro-

and 2-bromopyridines can be explained in term

of the intramolecular rotation of the acetyl group.

Similarily the smaller relaxation time of 2-hy-

droxypyridine as compared to 2-methylpyridine is

due to the intramolecular rotation of the hydroxyl

group. This suggests that the 2-acetylpyridine
and 2-hydroxypyridine molecules relax by both

molecular as well as intramolecular rotations. A

comparison of the relaxation time of 2-hydroxy-

pyridine and 2-acetylpyridine, leads to the con-
clusion that under similar conditions hydroxyl

group has greater freedom of rotation than the
acetyl group.

The potential barrier height for 2-bromopy-

ridine is found to be greater than that for 3-bro-

mopyridine, suggesting that there is greater inner-

friction experienced by the former molecule in

rotation. The ratio of the potential barrier heights

for dipole orientation and viscous flow approxi-

mately approaches unity, which is in conformity

with the results earlier reported by Ahmad and

Sharma.9)
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