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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 microwave regions.

Molecular and intramolecular relaxation times, their relative

weight factors and the heats of activation have been determined. The results have been discussed and compared

with other related molecules.

Intramolecular rotation of various polar groups in
aromatic molecules!~® 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 Smyth?) reported the
intramolecular rotation of SH group in naphthalene-
thiol in dilute benzene solution. Recently, Hasan et
al.,» 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
7, and its weight factor C, in the thiophenols, with
the corresponding 7, and C, values for OH group
rotation in phenols and substituted phenols reported by
Aihara and Davies,® Hasan et al.? 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 &', dielectric loss ¢’/ in the region 0.8, 1.25, 1.62 and
3.49 cm microwaves were described earlier.” The static
dielectric constant ¢, was measured at 1 MHz, the refractive
index np was determined with an Abbe refractometer, the
viscosity 7 was measured with an Ostwald viscometer and
the density d with a pycnometer. The temperature in each
experiment was kept constant within =1 °C by means of
a thermostat. The estimated errors in ¢’ and ¢’ are about
2% and 49, respectively.

Results

The experimental values of ¢ and &” at different
microwave frequencies together with the values of ¢,
at different temperatures are given in Table 1. These
data were then fitted in Cole-Cole arc plots (Fig. 1).
The high frequency dielectric constant ex and the
distribution parameter « were obtained as usual from
the arc plots. The values of ¢~ in each case was
found much higher than that of ny2. The values 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 ¢ vs ¢"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.®) and as
simplified by Bhattacharyya et al.?) for straightforward
calculations.

Bergmann’s equations are
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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
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Solving Egs. (5) and (6), 7; and 7, can be calculated.

‘The value of C, is then determined from the equation

given below, obtained from Egs. (1) and (2) by applying
the least square principle.
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TasrLe 1. OBSERVED AND CALCULATED VALUES OF DIELECTRIC PERMITTIVITY & AND DIELECTRIC LOSS &”
Freq.=8.60 GH, Freq.=18.50 GH, Freq.=24.03 GH, Freq.=35.13 GH, I MHz
T°C
€obsd € eated E"obsd €"caled Eobsd Eealed E7obsd €”caled Eobsa Ecaled ETobsa €caled Eobsd & ealed & obsd " calea fo
‘ 4-Methylthiophenol
50 3.83 3.68 0.66 0.70 3.32 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 3.3¢ 0.48 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
8 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 0.18 18 3.52
TaBLE 2. VALUES OF &, €, Ty, Ty, AHr;, AHy and pu
TG x o’ o mxI0s mX10%s G i kcaﬂ;r{zol Fo
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 0.2 2.50 3.00 17.7 2.8 0.63 2.00 — —
85 0.19 2.47 2.99 14.2 2.4 0.62
n n " , & , included in Table 2.
Sl fit D big— 2 fifi' — 2 818
01 — i=1 i=1 i=1 i=1 (7) Di .
n n scussion
= <
where It can be seen from Table 2 that the molecular
{ I and intramolecular relaxation times in both the para
fi=(i—f) fi=—0 f' = substituted thiophenols, decrease with increase in
I+otn? I+ otn? temperature as is generally observed in polar liquids,
= (g—2) _on , 0T so also the distribution parameter o decreases with
&= &m8) BT e 8 T Trgene increase of temperature.

The value of e as obtained from Cole-Cole plot
may not coincide with the actual value in Egs. (1)
and (2), but it will lie between the np2-value and &'-
value obtained at the highest microwave frequency
used. So, to start with, any value for g~ within the
above limit is assumed and 7;, 7, and C; values are
determined. With these values of 7;, 7, and Cj, the
values of ¢ and & are calculated from Egs. (1) and
(2). The value of e is then varied and the process
is repeated till the mean square deviation 4, from the
relation

& obsa— & catea |2

n } !
is found to be minimum. The ‘#’ is a scaling factor
to reduce the error in &', to the same magnitude of
the error in ¢”. A value of n=3 is used in the present
case. The values of ¢o, 7;, 7, and C; are given in
Table 2. All the calculations were carried on the
IBM Computer 1130. The calculated values of
¢ and &" are included in Table 1.

The activation energies for dielectric relaxation and
viscous flow were obtained from the straight line
plots of log T vs. 1/T and log 7 vs. 1/T respectively.
The dipole moment in the case of 4-methylthiophenol
was calculated from ¢, and density d using Onsager’s
equation. The values of «, n,2, AH7;, AH7 and u are

A4=3 (“"*J,ol::sd_“",'t:a‘lcd)2 + {

The intramolecular relaxation time 7, for SH group
rotation in both the liquids are of the same order
(=3ps) and compares well with the 7,-values in thio-
phenol (2.6 ps) and in benzylthiol (3.1 ps) in the
liquid state reported earlier® as also in naphthalene-
thiol (2.5 ps) in dilute solution in benzene reported by
Fong and Smyth.# 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 bondings S-H:--S of
the type hydroxyl hydrogen bonding, observed in
phenol and substituted phenols,»®) are negligible in
the thiophenols even in the liquid state.

It would be interesting to compare the 7; and 7,
values of the present liquids, with those of p-substituted
phenols reported by Magee and Walker.!® Though
the molecular relaxation time 7, of 29.7 ps at 50 °C in
4-methylthiophenol compares well with the value of
7,=32ps 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 7,=8.4 ps in the latter. The
molecular relaxation time 7,=17.7 ps at 65 °C in 4-
chlorothiophenol in the liquid state is almost half the
value of 7;=39 ps in 4-chlorophenol in p-xylene solution
and the 7,-value of 2.8 ps for SH group rotation in
the former is about our fourth the z,-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 Walker!® to association among the solute mole-
cules, in addition to the effects of solvents. The
lengthing of molecular relaxation time (z;=39 ps) in
4-chlorophenol in dilute p-xylene solution to double
the t;-value 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 C; 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 uen,=0.37D, p._s=0.9D,
Ug_s=0.7D, po_,=15D and ~LCSH=135°" and
remembering that the CH,; group moment is directed
towards the benzene ring, the moment components
responsible for SH group rotation are #,=0.49D in both
the molecules, while the moment components respon-
sible for molecular reorientations are #,=0.8D in
methyl thiophenol and #;=1.1D in 4-chlorothiophenol.
From the above values of u#, and u,, the ratio of the
weight factors in the two cases are,

C, (0.49\ 0.24 3

?:T“( 0.8 )‘ 064 X G=078
in 4-methylthiophenol and

G (0.49\ 0.24 B

0_1—( 1.1 )' g1 oF G=0.8

in 4-chlorothiophenol. Thus the weight factors C; for
molecular reorientation in both the liquids are larger
than that for group rotation. The is in conformity
with the values obtained experimentally. It may be
noted here that some uncertainty may arise in the
calculated value of the dipole moment in 4-chloro-
thiophenol, due to appreciable mesomeric charge shift
occurring across the molecule.'?

The activation energy AHz, for molecular relaxation
in 4-methylthiophenol is about 1.3 kcal/mol which,
as usual, is less than the corresponding activation
energy of AH7=2 kcal/mol for viscous flow. In the
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case of 4-chlorothiophenol, the dielectric data could
be taken only for two temperatures and therefore
activation energy 4Hv, may not be reliable in this
case.

The values of e» in both the p-substituted thio-
phenols are appreciably larger than the value of ;%
at all temperatures. This indicates the presence of
a third dispersion region of the ‘Poley type’ in the high
frequency region.

The dipole moment of 4-methylthiophenol has been
determined from ¢, and density d, using Onsager’s
equation and is found to be 1.4D, which agrees well
with the value of 1.46D obtained from bond moment
calculation of the CHj group in the para postition of
thiophenol (#=1.22D).

The authors express their sincere thanks to Professor
G. S. Kastha for helpful discussions and to Mr. D.
Bhowmic for his help in making the computer pro-
gramme.
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