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ABSTRACT: A study was made on the thermal cyclodehydration reaction converting poly(amido-
xime)s (PAOs) into the corresponding poly(1,2,4-oxadiazole)s (PODs). The PAOs were prepared
by condensation of terephthaloyl chloride with isophthalamidoxime(ID), 2,5-dimethylterephthalami-
doxime(DTD) and terephthalamidoxime(TD). The cyclodehydration reaction was found to be an
exothermic reaction taking place in a broad range of temperatures between 120 and 320 C. ID-
PAO revealed the highest rate of reaction and DTD-PAO showed that the polymers DTD-POD
may not be cyclodehydrated at 300 T due to termal degradation, while ID-POD and TD-POD
were stable enough at that temperature to be heated for cyclization.

Introduction

Heterocyclic 1,2,4-oxadiazole ring is known' to
have as comparable a resonance energy as a ben-
zene ring, and it reveals an excellent thermal and
thermooxidative stability.? Since the first polymer
containing this ring was introduced by Blomstrom,?
a number of wholly aromatic poly(1,2,4-oxadiazole)s
(PODs) have been prepared and their properties
have been measured.*”® Although their thermal,
thermooxidative and hydrolytic stabilities were pro-
ved to be excellent, they had low tractability due
to their low fusibility or solubility. Recently we
have synthesized several homo- and copoly-PODs
having methyl or n-alkyloxymethyl side branches
and observed greatly enhanced solubility and fusi-
bility.* ! The improved processibility was ascribed
to an internal plasticization resulting from attractive
interaction between the side branch and the main
chain. The synthesis of these PODs was done by
a thermal cyclodehydration reaction of the corres-
ponding precursors poly(amidoxime)s, which had
been prepared by condensation of a diacid chloride
with diamidoximes.

This paper deals with the thermal cyclodehydra-
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tion reaction converting PAOs into PODs. On this
reaction no systematic investigation has been made
yet and only known is the fact!"® that it is an intra-
molecular reaction. Using three PAO samples prea-
pred by condensation of terephthaloyl chloride with
isophthalamidoxime (ID), 2,5-dimethylterephthala-
misoxime (DTD) and terephthalamidoxime (TD), as
shown in Scheme I, the effect of temperature and
time on the extent of cyclodehydrarion reaction was
measured and discussed with respect to the poly-
mer structure. The possibility of thermal degrada-
tion of the polymer samples after cyclized was in-
vestigated by TGA.

. Experimental

Very detailed descriptions on the synthetic me-
thod, microstructure and the molecular weight of
the three PAO samples used are given in our pre-
vious reports.>® For the cyclodehydration reactions,
small PAO samples pulverized very finely in a mor-
tar were heated in a test tube under vacuum at
specified temperatures for specified time periods.
IR spectra to quantitatively measure the extent of
reaction were taken from KBr pellets molded, al-
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ways under the same conditions, from 197 mg of
KBr and 3 mg of polymer. DSC measurements were
made from duPont 910 DSC at a heating rate of
20 C/min under nitrogen stream. TGA pyrograms
were obtained from Perkin Elmer Delta Series TGA
7 at a heating rate of 20 C/min under N,.

Results and Discussion

The cyclodehydration reaction is known* to be
initiated, as illustrated in Scheme II, by nucleopilic
attack of NH, group at neighboring C=0 group
follwed by proton migration and dehydration. It co-
nverts an amide oxime moiety to a heterocyclic
aromatic 1,2,4-oxadiazole ring, and hence, as the
reaction preceeds, the contents of NH, and C=0
group and total sample weight must decrease, while
the contents of heterocyclic C=N bond must inc-
rease.

To measure temperature rarige of the cyclization
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Figure 1. DSC thermograms of the PAOs.

reaction, DSC studies of the three sample PAOs
were undertaken. DSC thermograms obtained are
reproduced in Fig. 1. The three thermocurves of
Fig. 1 show broad exothermic peaks in a tempera-
ture range of 120~130 C. The exothermic nature
of the reaction indicates that more heat is evolved
by formation of water and POD than the heat re-
quired to split the C-O and N-H bonds, because
water and POD are so stable that their heats of
formation could overwhelm the heat required to
initiate the reaction. The wide temperature range
must be related with the anchimeric interaction be-
tween two neighboring NH; and C=0 groups.

From Fig. 1 it is also shown that the maximum
temperature of the exotherm appears at 250 T in
ID-PAO, while that appears at 190 C and 220 C
in DTD-PAS and TD-PAO, respectively. The hi-
ghest value of ID-PAO might be ascribable to the
hindered resonance stabilization resulting from the
presence of isophthaloyl units on POD main chain.
The lowest value of DTD-PAO must be related with
the internal plasticization’ between the side branch
and the main chain.

To measure the effect of reaction time and tem-
perature quanititatively, the three PAO samples
were heated at different temperatures for different
times and changes in IR absorption spectra were
investigated. In Fig. 2 are reproduced the IR spec-
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Figure 3. Degree of cyclodehydration reaction as a

function of time at 200 and 250 C; ®: ID-PAO at 200

€, ®: DTD-PAO at 200 T, ®: TD-PAO at 200 T,

a: TD-PAO at 250 T.
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Figure 2. IR spectra of the TD-PAO heat-treated at 3500 cm™, C=0 peak at 1715 cm™' and C-O peaks
200 T for different times. at 1100 and 1246 cm™! decrease, while the intensi-

Table 1. Change in Ac-o with Thermal Cyclization Conditions

Polymer Code Reaction Temperature (C) Reaction Time (h) Ac-o* 100X (A, — A)/AL (%)

ID-PAO 200 0 0.45 0.0
200 6 0.32 289

200 12 0.19 57.8

200 18 0.23 489

200 24 0.15 66.7

200 30 0.14 68.9

200 48 0.06 86.7

DTD-PAO 200 0 0.24 0.0
200 6 0.16 333

200 18 0.16 54.2

200 30 0.11 54.2

200 48 0.10 58.3

TD-PAO 200 0 0.33 0.0
200 6 0.26 212

200 18 0.16 515

200 30 0.18 455

200 48 0.09 72.7

250 3 0.10 69.7

250 6 0.08 75.8

250 12 0.01 97.0

300 6 0.01 97.0

“Ac-o: Absorbance of C=0 peak at 1715 cm . *A,: Cc=o at time=0, A;: Ac-o at time=t.
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Figure 4. Effect of the temperature on the degree
of reaction of TD-PAO.

ties of C=N peaks at 1670 and 1580 cm™!' and
oxadiazole ring peak at 972 cm™! increased. These
IR spectral behaviors were also observed in ID-PAO
and DTD-PAO, though the peak positions were not
the same. The extents of reaction could be deter-
mined from the decreases in IR absorbance of C
=Q peak at 1715 cm™! and their numerical values
are summarized in Table I and plotted in Fig. 3.

Fig. 3 shows that at 200 T the reaction rate is
higher in ID-PAO than in TD-PAO. This behavior
might be related with the flexibility of the PODs
formed by the reaction. The ID-POD is certainly
more flexible than TD-POD, and a higher thermal
conduction could be expected in the former than
in the latter. Fig. 3 also shows that the DTD-PAO
reveals relatively high reaction rate at the initial
stage, but it gives the lowest equilibrium value at
the later stage, although the DTD-POD formed from
DTD-PAD should be the most flexible due to the
intermal plasticization. This behavior could be exp-
lained by a much lower cyclodehydrability of the
imino isomer, as recently described by Jung and
Park.!* Generally, TDs having bulky substituents
at 2- and 5-position contain more imino isomer, not
only in the monomer state but also in the PAO
state, than unsubstituted TDs.

Fig. 3 also shows the effect of temperature on
the reaction rate. In the TD-PAO the reaction pro-
ceeds to completioin in 15 h at 250 T, while it
reaches only 72% when heated for 48 h at 200 C.
To obtain a more detailed information of the tem-
perature effect, the TD-PAO samples were reacted

Korea Polym. J., Vol. 2, No. 2, 1994

-~ Intensity

100 200 300 300 500 600
o
Temperature ("C)

Figure 5. Differential thermal pyrograms of the PODs.

at different temperatures for 6 h and their extents
of reaction were measured. This result is reprodu-
ced in Fig 4. It shows that practically no reaction
takes place at 150 € and the reaction goes to al-
most completion at 300 C, when the samples are
reacted for 6 h. Thus reaction time could be redu-
ced by elevating temperature to a reasonable value.
TGA investigations were undertaken to make sure
if any degradation of PAO or POD takes place at
300 C. The differenital pyrograms are reproduced
in Fig. 5.

Fig. 5 shows that in ID-POD, DTD-POD and TD-
POD thermal degradation begins at 398, 322, and
378 C, respectively. It can be said that the cyclode-
hydration reaction of ID-PAO and TD-PAO can be
undertaken at 300 T, but not that of DTD-PAO.
This lowered thermal stability of the DTD-PAQO is
also related with the internal plasticization of the
pendant methyl substituent.
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