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Introduction

The present work aims to investigate the re-
lationships that may exist between the chemical
structure of aryl-aliphatic polyamides and some
of their macroscopic properties. The chemical
structure is responsible for some static charac-
teristics such as the nature of the interactions that
take place between atoms, the molecular cohe-
sion, the chain packing. It defines a reference
state of the material, that can be eventually ob-
served at very low temperatures. However, on in-
creasing temperature, these initial properties may
be considerably modified by the existence of
molecular motions. In addition to the above static
properties, the local chain dynamics is also large-
ly controlled by the chemical structure. In the
present work, we will focus on the investigation
of local motions that may occur in the glassy
state of some representative aryl-aliphatic poly-
amides and take part in secondary transitions.
We will report results obtained by using dielectric
relaxation, dynamic mechanical analysis, *C and
*H NMR experiments.

Experimental

The polymers used for this study are the xT i,
copolymers, whose repeat unit contains x lactam-
12 sequences, v and 1-y terephthalic and iso-
phthalic moieties, respectively, and a 3,3'-di-

methyldicyclohexylmethane unit in regular order :
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and the following polyamide (MT), obtained from
condensation of terephthalic acid onto 1,5-
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diamino-2methylpentane :

All the samples were carefully annealed under
vacuum at T,+ 20 °C for two days at least to re-
move residual water. The absence of water was
checked by thermogravimetric analysis which did
not detect any loss weight below the degradation
temperature of 450 °C in the annealed films.

Measurements of the complex dielectric func-
tion were made in the frequency range 1-10° Hz
using a frequency response analyzer (Solartron-
Schlumberger FRA 1260 with a Kistler am-
plifier). Viscoelastic measurements were perform-
ed with a dynamic mechanical analyzer Du Pont
DMA 983 operated in flexural mode, in the fre-
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quency range from 0.1Hz to 3Hz. The H and
C NMR spectra were obtained with a Bruker
CXP 300 spectrometer. The high-resolution solid-
state *C NMR experiments used the classical tech-
niques of proton dipolar decoupling, cross-po-
larization and magic-angle sample spinning.'

Results and Discussion

As shown in Figure 1, in all the dried polymers
investigated, the dielectric relaxation curves ex-
hibit a broad B transition in the temperature range
from -100°C to 0°C. The viscoelastic curves also
exhibit a B transition in the same temperature
range, as indicated in Figure 2 for the typical ex-
ample of the 1l polymer. From a dielectric point
of view, this transition, whose characteristics are
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Figure 1. Temperature dependence of the loss tangent, tan
8, as obtained from dielectric measurements at 1 Hz.
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Figure 2. Comparison of data determined at 1 Hz on the
11 polyamide by dynamic mechanical analysis (DMA) and
dielectric experiments.
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identical in the MT and xT,u, copolyamides, can
be unambiguously assigned to motions of the car-
bonyl groups situated between the phenyl ring
and aliphatic sequence. In addition, in all the
polymers except MT, a ¥ transition around -140
°C, and a @ transition around 60°C are observed
in dielectric experiments (Figure 1). The ¥ tran-
sition can be assigned to motions of the carbonyl
groups located between the aliphatic and cy-
cloaliphatic units, whereas the ® transition can be
associated to the carbonyl groups between the
phenyl and cycloaliphatic units.

The analysis of *C and *H NMR data provides
a more detailed identification, in terms of nature,
amplitude and cooperativity, of the motions
responsible for the above secondary relaxations.
Indeed, measurements of the principal com-
ponents of the chemical shift tensors obtained
from “C NMR experiments, as a function of tem-
perature, clearly show that, in addition to the os-
cillations of the carbonyl groups situated between
the phenyl ring and the aliphatic sequence, the B
transition also involves phenyl ring motions: iso-
phthalic rings exhibit oscillations only, whereas
terephthalic rings undergo both oscillations and
ring flips. The temperature dependence of the os-
cillation amplitude of the phenyl rings is given in
Figure 3 for the 1I and 1T polymers. The fre-
quency distribution of the ring flips was derived
from H NMR experiments. Besides, the strength
of the 'H-*C dipolar interaction, <b*>, was
deduced from the rises of “C magnetization in
cross-polarization experiments:?
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where t; is the contact time necessary to obtain
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Figure 3. Temperature dependence of the oscillation am-
plitude of the phenyl rings in the 11 and 1T polyamides.

Korea Polym. J., Vol. 6, No. 1, 1998



Investigation of Secondary Transitions and Local Motions in a Series of Solid Aryl-aliphatic Polyamides

3
53| e e -
tyz sod| a 1T =
3 * n
(1s) s -
40+ E
553 [Rigid lattice es 0222 d 3
304 3
oy X
253 J [ 2™ » 3
20 3
RN B e e em—ee e
15 " % * -
10 T Tr Ty YT Y[ rrvrryryT TII TV P Fr Py rrrr
150 -100 100 150 200

-50 [ 50
Temperature (°C)

Figure 4. Temperature dependence of t;, values deter-
mined for the lactam carbons of the 1I and 1T, and 1.8T
polyamides.

half of the maximum polarization M({). As
shown in Figure 4, at low temperature, the t;, of
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the lactam carbons is equal to 17 s, which is
characteristic of a rigid-lattice behavior. At higher
temperatures, an increase in ty» is observed,
which indicates that, in the xTJu., series, the ¥
transition is not only due to local modes of the
lactam CO groups but also to motion of the CH,
groups of the lactam units.
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