
Polycondensa tion in Soy Poly ( p-Phenylene- 1,3,4- Oxadiazole ) by 
Reaction of Terephthalic Acid and Hydrazine Sulfate in SO3 

INTRODUCTION 

We have recently reported a novel polyamide condensation reaction of aromatic diamines and 
aromatic diacids in S03.1~2 Sulfonation was a major side reaction that was reduced or eliminated 
by aromatic diamine ring substitution with deactivating substituents such as chlorine and fluorine.2 
With the hope of better economics, while still maintaining the benefits of the anisotropic polyamide 
solutions, we sought to reduce sulfonation by copolymerization with other inexpensive monomers 
that would not undergo sulfonation. 

In 1965, Iwakura et al.3 reported the synthesis of high-molecular-weight poly(p-phenylene- 
1,3,4-oxadiazole) (POX) by polymerization of terephthalic acid (TA) with hydrazine sulfate (Hy-S) 
in 3Q% fuming sulfuric acid (oleum): 

3046 o h m ,  a” 
H0,C 0 CO,H + NH,NH,-H,SO, 

Iwakura et al.3 observed no evidence of POX sulfonation by infrared analysis. Thus Hy-S became 
an intriguing candidate as a comonomer to reduce sulfonation of aromatic polyamides synthesized 
in SO3. Another article describes copolymerization of TA, p-phenylenediamine sulfate, and Hy-S 
in so3.4 This note is concerned only with homopolymerization of TA and Hy-S in SO3. 

EXPERIMENTAL 

Polymerization-grade (>99.9% purity) TA was obtained from Amoco. Hy-S was purified 099.7%) 
by crystallization (500-600 g HyW4 liter of 15% H2S04, Norit). Stabilized SO3 was obtained from 
Baker and Adamson. 

Inherent viscosities were determined at 25’C from aliquots diluted with 96% HzSO4 to 0.5 gldl. 
The structure of POX polymerized in so3 was confirmed by comparison with a sample prepared by 
the method of Iwakura et al.3 

RESULTS AND DISCUSSION 

Hy-S reacted with TA in SO3 under a variety of conditions to give POX that was not sulfonated 
(elemental and infrared analyses). A t  a constant monomer concentration, the polymerization rate 
was observed to increase with increasing SO3 concentration in oleum up to 100% SO3. Rate and 
molecular weight were also functions of the mole ratio of so3 to monomers. 

Exemplary of our initial method of synthesis was the addition of SO3 (0.203 mole) to a mixture 
of T A  (0.020 mole) and Hy-S (0.0203 mole, a 1.5 mol % excess) contained in a reaction vessel. 
Polymerization was initiated without external heating from the heat of solution of the monomers. 
There was substantial foaming and some nitrogen evolution, confirmed by vapor-phase chromato- 
graphic analysis of reaction off-gas, during this phase of reaction. Once the reaction subsided, the 
vessel contents were allowed to cool overnight (about 16 hr) to 23’C. On cooling, a white opaque 
mass (see below) with an $inh of 1.3 was formed. Additional external heating at  100°C for 4 hr gave 
a clear, extremely viscous solution (13% Pox) with vinh of 14.5. The inherent viscosity could be 
controlled simply by varying the amount of Hy-S excess within limits of SO3 availability. To achieve 
maximum molecular weight, it was necessary to exceed, by 70-100%, the theoretical 3 mole of SO31 
mole of POX needed for complete polycondensation, regardless of the Hy-S excess. Polymerization 
at 26% POX concentration in SO3 (3 mole Sodmole POX formed) under essentially the same condi- 
tions as above resulted in $inh of only 2.0. 

A superior synthetic method similar to that reported previously for polyamide condensation in 
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so3 (ref. 1) was developed later. It consisted of addition of Hy-S to a cooled (5-10OC) solution of 
a preformed TA-SO3 complex.' The monomer solution thus formed was bright yellow. Reaction 
even at  ambient temperatures was indicated by fading of the color after several hours. The reaction 
temperature was gradually raised over a period of 2 hr to 100OC, the temperature desired for poly- 
merization; a more rapid elevation of temperature would result in excessive foaming. The tem- 
perature was kept at l00OC for 4-6 hr. Some nitrogen evolution was observed nevertheless. 

On cooling, the high-molecular-weight, high-solids-containing (>12%) POX solutions in SO3 usually 
solidified, becoming white and opaque. When heated, the white opaque mass melted and became 
transparent. The melting range varied somewhat with POX concentration and molecular weight. 
Typically, an 18% POX solution with qh 2.7 melted at temperatures >80°C. 

Optical polarizing microscopic observations of the solidified mass showed that the opacity was 
caused by spherulites of an unknown nature (solvent-POX complex?); the spherulites formed re- 
versibly by alternately cooling and heating. We have observed similar spherulites in 1525% POX 
in 100% The more extensive investigations of such POX solutions in 100% HzS04 (ref. 5) 
at temperatures above the melting range of the spherulites revealed evidence of only isotropic polymer 
solution behavior. Observation of a thin (0.0015 in.) film of POX in so3 between crossed polarizing 
lenses revealed birefringent regions that were spherulitic. Once melted, the film no longer trans- 
mitted polarized light. 

CONCLUSIONS 

TA and Hy-S were polymerized in so3 at  l00OC to give high-solids-containing (12-26 wt %), iso- 
tropic solutions of high-molecular-weight, nonsulfonated POX. Molecular weight was strongly de- 
pendent on both the amount of Hy-S used in excess of that required for stoichiometric TA/Hy-S 
balance and mole ratio of monomers to SO3. On cooling, the isotropic solutions solidified to a mass 
of spherulites. The origin of the spherulitic structure is unresolved, but it is believed to be related 
to formation of a solvent-POX complex. 
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