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Abstract

Dielectric behaviour of poly(2-norbornyl methacrylate) (P2NBM) and poly(3-methyl-2-norbornyl methacrylate) (P3M2NBM) was
studied. The effect of the methyl substituent on the norbornyl ring is to decrease the temperature of the dynamic glass transition about
50 K. Moreover, weak secondary relaxations are observed in the two polymers under study. The secondary process of PSM2NBM has been
conveniently analysed in terms of the empirical Fuoss—Kirkwood (F-K) equation. © 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Under electric perturbative force fields, polymers
containing saturated cyclic side chains exhibit considerable
dielectric activity [1-5]. These kinds of polymers show
well-defined relaxations in the glassy state that have been
attributed to the chair-to-chair conformational transition in
the ring. The substitution in the ring by different groups
allow to monitoring the molecular motions of the chain
and by this way, it is possible to get information about the
dynamics of conformational changes in these polymers
[6,7]. In fact, the substitutions in the ring by tert-butyl
groups in poly(cyclohexyl methacrylate) show that the
relaxation processes are strongly dependent on the position
of the substituent [8]. The insertion of polar groups is
another way to enhance dielectric activity in polymers.
Recently, we have reported results dealing with the effect
of spacer groups on dynamic mechanical and dielectric
behaviour of poly(cyclohexyl alkyl methacrylates) [9] and
poly(methacrylates) [10] containing different rings in side
chain. The conformational dynamics of these polymers can
be controlled depending on the structure, nature and bulki-
ness of the substituents. The bulkiness of the side chain
enhances the stiffness of the polymer chain and a decrease
in the relaxation strength of the sub glass relaxations.
However, differences in the relaxational behaviour of
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these kinds of polymers should be experimentally detected
when appropriate substituents are inserted in the side chain.

The aim of this work is the study of the dielectric relaxa-
tional behaviour of polymers with saturated rings in the side
chain and restricted conformational dynamics. Comparison
of the dielectric behaviour of two polymers with slightly
structural differences in the side ring, i.e. poly(2-norbornyl
methacrylate) (P2ZNBM) and poly(3-methyl-2-norbornyl
methacrylate) (P3M2NBM) (see Scheme 1) will be carried
out.

2. Experimental
2.1. Monomer and polymer preparation

2-Norbornyl methacrylate (2NBM) and 3-methyl-2-
norbornyl methacrylate (3M2NBM) were obtained by
reaction of methacryloyl chloride with the corresponding
alcohols in toluene using triethylamine as acid acceptor,
following a procedure previously reported [11-14].
Monomers were polymerised under vacuum, in toluene
solutions at 323 K using «,a’-azo-bisisobutyronitrile as
initiator. Polymers were purified by successive reprecipita-
tions with methanol. Samples were vacuum dried at 303 K
during several days.

2.2. Dielectric measurements

The real and imaginary parts of the complex dielectric
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Scheme 1.

permittivity € were measured in dry nitrogen atmosphere
with a DEA 2970 apparatus from TA Instruments. The
thermal history was a multiplexing one from —130 to
250°C at a rate of 1°C/min and 26 frequencies were used
in the range of 10~'-10° Hz.

3. Results and discussion

In Figs. 1 and 2, the isochronal curves of the permittivity
and loss factor of P2NBM and P3M2NBM are shown as a
function of temperature at fixed frequencies. Only three
selected frequencies were used for sake of clarity. A promi-
nent relaxation associated with the dynamic glass transition
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Fig. 1. Main figure: Dielectric permittivity and loss for P2NBM (M) 10* Hz,
(A) 10° Hz and (@) 1 Hz. Inset showing the low temperature process: (H)
5% 10* Hz, (A) 3 X 10* Hz, (X) 2% 10* Hz, (*) 10* Hz, (®) 5 x 10° Hz
and (=) 2% 10° Hz.

100 1000
0,015
gn
0,01 L 100
0,005
10 | -120 -80 -40 0 L 10
Temperature (°C)
8' 8"
L1
1] L 0,1
L 0,01
01 |, . I 0,001
-150 -50 50 150 250

Temperature (°C)

Fig. 2. Main figure: Dielectric permittivity and loss for PAM2NBM (M)
10*Hz, (A) 10°Hz and (@) 1 Hz. Inset showing the low temperature
process: (M) 5% 10* Hz, (A) 3% 10* Hz, (X) 2% 10* Hz, (*) 10*Hz,
(®) 5% 10° Hz, (+) 3% 10° Hz, (-) 2 X 10° Hz and (—) 10° Hz.
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Fig. 3. Dielectric permittivity (A) and loss (M) for PAM2NBM in the
frequency domain at 105°C. The discontinuous straight line represents
the conductive effects. Circular black points (@) represent the resulting
loss curve after subtraction showing the dipolar a-relaxation. The contin-
uous lines correspond to the Havriliak—Negami curve fit.
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Table 1
Parameters of the Havriliak—Negami equation for P2ANBM

T (°C) €00 Ae 7 (s) a B
165 2.3 1.0 40%x107° 0.76 0.21
170 22 1.1 15%1073 0.73 0.22
175 22 1.2 8.1x107* 0.69 0.25
Table 2

Parameters of the Havriliak—Negami equation for PAM2NBM

T (°C) € Ae T (8) a B

90 2.59 0.53 1.39% 1072 0.75 0.20
95 2.58 0.60 9.16x10°° 0.69 0.24
100 2.50 0.74 8.39%x107° 0.77 0.17
105 2.41 0.85 6.28x107° 0.70 0.20

is observed in both polymers. As can be seen, the effect of
the methyl substitution in position 3 of the norbornyl group
is to decrease the temperature of this relaxational process.
At low frequencies, conductive phenomena overlap the loss
factor. Owing to the fact that these conductive effects also
affects the real part of the complex permittivity, one can
conclude that these effects are not only due to free charges
conduction but also a blocking electrode process is present.
For instance, Fig. 3 shows the loss permittivity of
P3M2NBM in the frequency domain at 105°C. At this
temperature, secondary processes are absent in the range
of the frequencies studied. In order to remove the conduc-
tive effects a straight line with slope —1 in a double
logarithmic plot log €” vs. log f, is used (see Fig. 3). In
order to analyse the resulting dipolar «-relaxation, an
empirical equation of Havriliak—Negami [15] has been
chosen according to which

et — D (1)

(1 + (iwn)%)P

where Ae=¢) — €., and 7, €), €, are adjustable
parameters.

The regression of the experimental data was obtained by
means of the program LEVM6 by MacDonald [16] and the
corresponding parameters are given in Tables 1 and 2. The
accuracy of this procedure is within 5% of the obtained
values.

Moreover, secondary loss peaks are observed in the low
temperature side of the experimental curves. The activation
energy of these processes has been calculated from the data
of the insets in Figs. 1 and 2 by means of an Arrhenius plot
(Fig. 4), giving 8.9 and 12.1 kcal/mol for P2NBM and
P3M2NBM, respectively. Attempts to fit these absorptions
to an empirical Fuoss—Kirkwood equation [17] have been
made according to

E. _ _
€' = e sech (T = Tl @)

In the case of P2NBM, and due to the low strength, it has
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Fig. 4. Arrhenius plot for the secondary relaxations of P2NBM (M) and
P3M2NBM (@).

been not possible to analyse this secondary relaxation in
terms of the proceeding equation. The parameters corre-
sponding to PAM2NBM are given in Table 3. These results
indicate that the subglass relaxation in PAM2NBM is indeed
a broad and weak relaxational process.

4. Conclusions

As observed in a previous paper [5], the low strength of
the observed secondary processes has been attributed to the
bulkiness of the side chain. In one case, the low strength of
the secondary relaxation prevents the analysis of this peak in
terms of an empirical equation. The effect of the methyl
substituent on the norbornyl ring is to lower the position
of the value of the peak of the a-relaxation about 50 K.
Conductive effects are also observed in the low frequency
side of the spectra of both polymers.

Table 3
Parameters of Fuoss—Kirkwood equation for 3-relaxation of P3M2NBM

f(Hz) € ax Trnax (K) m Ae

20,000 0.012 213 0.10 0.24
10,000 0.010 211 0.09 0.22
5000 0.009 205 0.08 0.22
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