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Intr oduction
The terephthalic acid (TPA)/p-phenylenediamine (PPD)
polyamide is very prominent assuperhigh-modulus and
high-strength material, but is infusible and insoluble in
usual organic solvents due to the strong intermolecular
hydrogenbonding betweenthe amidebonds in the poly-
merchain.It is solubleonly in strongacids,suchassulfu-
ric acid, and forms a lyotropic mesophasein solution,
from which it is processedinto fibers and films with
excellent mechanical and thermal properties. Lots of
modifications by copolymerization with diamines have
beenreportedin patents andhavebeenreviewed.[1] How-
ever, no copolymers exhibiting lyotropic mesophases in
organic solventshavebeenprepared.

The polyamide of p-aminobenzoic acid (PABA) is
known to show an anisotropic mesophase in N,N-
dimethylacetamide that containsdissolved LiCl, [2] andto
be capable of forming fibers with properties asexcellent
as those of TPA/PPD. The sequential TPA/PPD/PABA
copolymer[3] with excellentproperties waspreparedusing
4,49-diaminobenzanilide derived from PPD and PABA,
but its solubility in organic solventswasnot referredto.

As observedin thermotropic copolyamides prepared
from triethyleneglycolbis(4-carboxylphenyl)ether (PPD)
andPABA,[4] thetransitiontemperaturesof thesescopoly-
merswere significantly depressedby randomincorpora-
tion of PABA via simultaneouscharging of the mono-
mers, but not so much when PABA was sequentially
introducedusing4,49-diaminobenzanilide. It wasassumed
that random distribution of PABA in the copolyamide
might deviate the positions of the amide bonds and
weaken the interchain hydrogen bonding. So it was
expected that adequateintroduction of PABA into the

TPA/PPD polymer might produce copolymerswhich are
solublein organicsolventsandyield an anisotropic solu-
tion without disturbing their mechanical and thermal
properties.

In this paper, we briefly describethe results of the
direct copolycondensation of TPA, PPD, and PABA by
phosphorylation reaction using triphenyl phosphite/pyri-
dinein NMP aspreviouslydevelopedby us.[5, 6]

Experimental part

Materials

Terephthalicacid (TPA), p-phenylenediamine(PPD),p-ami-
nobenzoicacid (PABA), triphenyl phosphite(TPP), LiCl,
andCaCl2 wereobtainedasreagentgradechemicalsfrom a
commercialsourceandusedwithout further purification. N-
Methylpyrrolidone (NMP) and pyridine were purified by
vacuumdistillation over CaH2 andNaOH,respectively. The
inherent viscosity was measuredwith 0.5% solutions in
H2SO4 at 258C.

Stepwisecopolycondensationof PABA(50mol-%)with
mixturesof TPA andPPD

The copolycondensationwascarriedout accordingto a pro-
cedurereportedpreviously.[6] To a 100ml three-neckedflask
equippedwith dropping funnel, nitrogen gas inlet, drying
tube and magneticstirrer, PABA (5 mmol), TPP (5 mmol),
LiCl (1.0g) anda solventmixtureconsistingof pyridine(1.7
ml) andNMP (10 ml) wereadded.Undera nitrogenatmos-
phere, the mixture was heatedin an oil-bath and kept at
1208C. To the resulting solution, a solution of TPA (2.5
mmol), PPD(2.5 mmol) andTPP(5 mmol) in NMP (30 ml)
thatcontaineddissolvedCaCl2 (2.4g) wasaddedin onepor-
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p-aminobenzoicacid (PABA) with triphenyl phosphite/
pyridine in NMP. The randomlycopolymerizedpolymers
containmorethan40 mol-% of PABA andareeasilysolu-
ble in NMP.

Macromol.RapidCommun.2000, 21, No. 15 i WILEY-VCH VerlagGmbH, D-69451 Weinheim2000 1022-1336/2000/1510–1044$17.50+.50/0

Macromol.RapidCommun.2000, 21, 1044–1045



Randomcopolyamidesof terephthalicacid... 1045

tion, andthe mixture waskept at 1208C for 2 h. The result-
ing gel was groundin methanolto a powder, separatedby
filtration, washedwith hot methanol,anddried.

Randomcopolycondensationof TPA, PPD andPABA

In a 100 ml three-neckedflask equippedwith droppingfun-
nel, nitrogengasinlet, and drying tube,PABA (6.0 mmol),
TPA (5.2 mmol), PPD(5.2 mmol), TPP(10 mmol), pyridine
(1.7ml), LiCl (1.0g) andNMP (30 ml) containingdissolved
CaCl2 (2.4g) wereplaced,andthewholemixturewasheated
at 1208C for 2 h understirring and a nitrogenatmosphere.
Copolymers were isolated by working up as described
above.

Resultsand discussion
To investigate how PABA should be effectively intro-
ducedinto the TPA/PPD polymer to improve the TPA/
PPD/PABA copolymer, a two-stagecopolycondensation
of PABA (50 mol-%) followed by TPA andPPDwascar-
ried out by varying the time of oligomerizing PABA, and
the solubility of the resulting copolymer in N-methylpyr-
rolidone(NMP) thatcontaineddissolvedCaCl2 (8 wt.-%)
wasexamined(Tab.1). Randomly copolymerized polya-
mide by simultaneouscharging of the three monomers
revealedbetter solubility in the solvent system. With
longer reactiontime and,hence, longer PABA segments
in the copolymer, the solubility of the copolymer
decreased. Moreover, the solubility decreased almost
completely after a periodof 50 min. On subsequentreac-
tion with TPA and PPD, the longer PABA segments
would produce a copolymer with longer TPA-PPD unit
segmentsof low solubility. This copolymermight bepre-
cipitated from the reaction mixture and left without
further reaction. This is probably due to the decreasein
solubility and inherent viscosity of the copolymer
obtainedby longerinitial reaction of PABA.

Tab.2 showsthe results of the randomcopolyconden-
sation of TPA, PPD, andPABA by varyingthemolarper-
centageof PABA, aswell asthesolubility of theresulting
copolyamidesin NMP. Thecopolyamideshaving inherent
viscosities of around 2.0 were obtainedin quantitative
yield. Most of the reactions were accompanied by preci-
pitation of the copolymer in between1 h followed by
physicalgelation. It is interesting to notethat thecopoly-
condensation involving 60 mol-% PABA proceeded
homogeneouslyto produce a soluble polymer having a
moderateinherent-viscosity value of 2.2.Incorporation of
more than 50 mol-% PABA yielded copolymers which
are easily soluble at room temperature, but the copoly-
merscontaininglessthan50 mol-% were lesssolubleat
room temperature,but graduallydissolvedon warming.

Although the obtained copolyamides have inherent
viscosities of around2.0, thesevaluesmay not be suffi-
cient to producefibers of commercial quality. Further
study is in progressand wil l be reported in the near
future.
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Tab.1. Stepwisecopolycondensationof PABA (50mol-%) fol-
lowedby reactionwith TPA andPPD.

Reactiontime of PABA
—————————

min

ginh
a) Solubilityb)

0 2.51 ++
20 1.86 +
30 1.79 l
40 1.59 l
50 1.54 –

a) 0.5g/dl in sulfuric acidat 308C.
b) ++ soluble at room temperature,+ soluble on warming, l

solubleonprolongedwarming,– insoluble.

Tab.2. Randomcopolycondensationof TPA, PPDandPABA.

PABA
———
mol-%

PABA/TPA/PPD
———————

mol/mol/mol

Statea) ginh
b) Solubilityc)

60 6/2/2 Solution 2.20 ++
50 5/2.5/2.5 ppt (60 min)/gel(90 min) 2.51 ++
40 4/3/3 ppt (50 min)/gel(90 min) 1.96 +
30 3/3.5/3.5 ppt (30 min)/gel(90 min) 2.19 l
20 2/4/4 ppt (30 min)/gel(90 min) 1.97 l
10 1/4.5/4.5 ppt (20 min)/gel(60 min) 1.89 l
0 0/5/5 ppt (20 min)/gel(60 min) 2.47 –

a) ppt: precipitation.
b) 0.5g/dl in sulfuric acidat 308C.
c) ++ soluble at room temperature, + soluble on warming, l

solubleonprolongedwarming,– insoluble.


