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RELAXATION TIMES AND ACTIVATION
ENERGIES OF SOME SUBSTITUTED PHENOLS

RELAXATION times of four polar substituted phenols
namely (A) 3, 5 dimethyl phenol, (B) 2, 3, 5
trimethyl phenol, (C) 2, 4, 6 trimethyl phenol and
(D) 2, 4, 6 tr.chlorophenol have been measursd in
the dilute solution of beanzene at 2Q, 253, 30 and
35°C at S-band. The free energies of activation
for the process of dipole orientation and viscons
flow have been calculated using Eyring’s theoryl of

Science

rate process, The results have been analysed in
the light of molecular motions of the system and
it is concluded that dipole orientation is con-
tributed by both molecular as well as intramolecular
rotation.

Diclectric studies of polar solutes in the non-
polar solvent throw considerable light on various
molecular and intramolecular forces. Magee and
Walker= 3 have investigated the relaxation times of
some substituted phenols in a number of non-polar
solvents. LeFervet and Hiremath3 have investigated
the dielectric bzhaviour of phenols in the dilute
solution of non-polar solvents and concluded that
hydroxyl relaxation plays dominant role in the
relaxation process of the phenols.

Due to their wide industrial and pharmaceutical
applications the present study forms a significant
confribution to the existing knowledge of the
dieleciric behaviour of some di and iri  sub-
stituted phenols.

The dielectric constant (¢) and dielectric loss (€”)
have been measured on a S—n and microwave bench$
by a technique, due to Roberts and Von Hippel?, later
modified by Dzkin and Works®. The relaxation time
(7) has been evaluated using Gopalakrishna fixed
frequency method9, The compounds obtained from
BD.H. England, were of pure quality, The
solvent (AR.) was distilled before use.

The wvalues of relaxation times and thermo-
dynamic parameters are reported in Table I, It

TABLE ]
Relaxation times and activation ette; gies
(A =9-80cm)

Temp. 7T X 10'*  AF, AH, AS, AF,, AH, AS,

Molecule °K sec Kcal/f Kcal/ Cal/ Kcal/ Kcal/f Cal/

mol mol mol mol moe] mol

3, 5 Dimethyl

phenol 263 21-2 2-83 1-90 —3-17 2:90 2-52 —~1-29
2908 20+1 2-86 'S0 —~3-22 291 252 - 1430
308 17-4 2-89 *90 — 321 2:93 2-52 —~1:33
2,4, 6 trichlorophenol! 298 211 2- 88 41 —4-93 2:90 2:52 —1:29
303 19-8 2:91 41 — 4-95 2-91 2:52 —-1+30
308 18-0 2:94 41 —4+96 2°03 2-52 —1-33
2, 4, 6 trimethylphencl 293 11-] 2:4 09 —4-64 2-9() 2:52 —1+26
2908 10-6 2+5 05 —4-75 291 2-52 —1-30
308 10-0 2:6 (09 — 474 2+92 252 —~1-3Q
2, 3, 5 trimethylphenol 293 18:0 273 63 ~3-75 2-90 2:52 ~1+29
298 16-9 275 63 —3-75 2-91 2:52 -—1-30
303 15-9 2-77 63 —3-76 292 2°52 —1-32
308 15-3 2-88 63 ~3-83 2-93 252 —1-33
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is found that the relaxation times of all the mole-
cules investigated here are found to decrease with
increase 1n temperature. This 1s due to the
decrease in the viscosity of the solvent as the
temperature 1s raised. It ts found from Table I
that the relaxation time of 2, 4, 6 trichlorophenol
is highest and the relaxafion time of 2, 4, 6 tri-
methyl phenol is lowest in the investigated seties
whereas latter has largest molecular size. It 1s
likely that in the case of 2, 4, 6 trichlorophenol
the highly electronegative chloro group forms
hydrogen bonding with the —-OH group which in
turn, may- hinder the intramolecular rotation of
—OH group and increase the relaxation tiume.
Sahni et al1¢ have interpreted the high value of
relaxation times of many organic molecules as
due to intermolecular hydrogen bonding.

The relaxation time of 2, 3, 5 trimethyl phenocl
is greater than 2, 4, 6 trimethyl phenol though
both the molecules have almost similar molecular
size. Also the relaxation time of 3, 5 dimethyl
phenol 1s larger than the relaxation time of
2, 3, 5 trimethyl phenol and 2, 4, 6 trimethyl
phenol thogh the former molecule is smaller
than both the latler molecules 1n molecular size.
This indicates that the molecule having irregular
arrangement of the substituted groups experience
greater hindrance in dipolar rotation.

The free energics of activation for the process
of dielectric relaxatioﬁ and viscous flow increas=
with temperature.  Similar results have been
observed earlier!l. The entropies of activation ate
found to be negative indicating that activaled
state 1s more ordered than the normal one. Further
the heats of activation and energies of activation
for viscous flow are greater than those for dipole
relaxation, since the former involves both rotation
and translation, while the latter only rotation.
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KINETICS OF OXIDATION OF DIMETHYL
SULPHOXIDE BY CHLORAMINE-T

THE reaction DMSO-Mn3t has been employed a
a redoX initiator for vinyl polymerisationt. We have
recently reported a kinetic study of DMSO oxidation
by Cr (VI) and Ce (IV)®. We report in this communi-
cation kinetics of oxidation of DMSO by Chlora-
mine-T (CAT) in acid medivm and 0OsO,-catalysed
oxidation of DMSQ by elkaline CAT,

Oxidation of DMSO by CAT in acid medium

The reactions are first order in [DMSQ], (CAT]
and independent of [HCIO,] in the range studied.
First order rate constants (k; min™!) at varying [DMSQ]
are reported in Table I. The enhancement of the
values of k, is due to the increase in the concentration

of the DMSO.
TABLE I

Dependence on [DMSO] Temp.: 35°C
CAT =50 X 10¢M, HCIQ; =0-05 M,
NaClO, = 0-023 M.

Aques;;s medium 20% aqueo'us HOACc

103 [DMSO]  10% K, 10° [IDMSO] 103,
M min-2t M mia-1

21 14-8 3:0 11-7
4-3 31-2 4:3 187
66 4242 7+1 23-8
11-0 69-1 11-7 37-0

TR

Variation of zcidity (with respect to HCIO,) in the
range 0°01 to 0-1 M in aqucous medium and in 207,
aqueous HOAc leads to the samc value of &; proving
insensitivity to acidity, Second order rate Constants
(1-m~! min~?) in aquepus medium and in 207, aqueous
YIOAC cve 7-3 and 4-Qrespectively. This is at varience
to the acidity dependence in the Ci(VI) and  Ce(lY)
oxidation of DMSQ? where theie is definite oeid
dependence.  Yonic strength hes been varied (NoClO,
0:025 to 0-1 M) and the eilect 158 margingl,
Added p-toluene sulphonamide has fo ¢lect on the



