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A two-part procedure is reported for the synthesis of di-block copolymers based on poly(p-benzamide)
and poly(terephthalamide of p-aminobenzhy&azide) (PABH-T). In order to allow the coupling reactions
between the two homopolymers, acylchloride terminated PABH-T has been synthesized. The tendency of
the copolymer to form a liquid crystalline phase has been used as evidence for the existence ofthe copolymer.
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Introduction
In a previous paperl we have critically evaluated the

multi-step method2 for the synthesis of poly(p-
benzamide) (PBA) block copolymers. Using the procedure
described2 almost no copolymers could be obtained. In
this paper, a preliminary report is given on a two-part
procedure which has been successful in the synthesis of
diblock copolymers based on PBA and poly(tereph-
thalamide of p-aminobenzhydrazide) (PABH-T). The
coupling reaction betwen the acylchloride terminal group
of PABH-T and the amino end group of PBA enabled
copolymer formation. Optimization of reaction conditions
is under way and will be reported elsewhere3. The
reaction products have been characterized by selective
solvent extraction, viscometry, vapour pressure osmo-
metry, i.r. and u.v. spectrometry. The partition of the
copolymer, in a mixture with PBA, between iso- and
anisotropic conjugated phases has been evaluated.

Experimental
M a t e r ial s . p-Aminoben zhy dr azide (PABH ) (Gallord,

Schlesinger) was purified by crystallization from
boiling ethanol. Terephthaloyl chloride (TCl) (Lancaster
Syntesis) was recrystallized prior to use from boiling
n-hexane. N,N'-dimethylacetamide (DMAc) (Fluka-
Buchs), dimethylsulphoxide (DMSO) (Janssen) and
ethyldiisopropylamine (EDPA) (Merck-Schuchardt) were
stored over Riedel type 4,{ molecular sieves. Acetone was
dried by reflux treatment with permanganate, followed
by addition of anhydrous potassium carbonate and
distillation. Lithium chloride (Riedel-de Haen, RG) was
vacuum dried for 24h at 200"C.

Methods. The number-average molecular weìght 1À2".1
of PABH-T was determined by the Gonotec vapour
pressure osmometer Osmomat 070, using DMSO as
solvent at 75"C. The À2" value of PBA was evaluated by
carboxyl end groups titration using DMAc * 3% LiCl as
solvent and calomel (K901 Radiometer)/platinum
electrodesl. I.r. spectra were recorded using a Perkin-
Elmer model 983 i.r. spectrometer. U.v. data were
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collected using a Perkin-Elmer Lamda 9 spectro-
photometer. Homo- and copolymer samples were
examined in DMAc* 3% LiCl solution.

Procedure.In the first step, PABH-T was synthesized
by the method described in ref.4 with minor
modifications. 9.15 mmol of PABH was dissolved in
40 ml of DMAc with mechanical stirring under nitrogen
atmosphere, the solution was cooled with an external
ice-water bath and an excess of EDPA was introduced;
9.15 mmol of TCI was slowly added with stirring. Overall
reaction time was 1.25h at 0'C plus 0.5h at room
temperature. After dilution with DMAc, the reaction
mixture was treated with anhydrous acetone. The
precipitated polymer, after filtration and washing under
inert atmosphere, was vacuum dried at 85"C for 8 h.
Yield was almost quantitative. A fraction of the polymer,
dissolved in anhydrous DMSO, was used for measuring
its limiting viscosity number.

In the second step, 194 g of a 2o/o w/w solution of PBA
in the DMAc+3% LiCl was added slowly to 929 of
a 2oA wlw solution of PABH-T in the same solvent,
during about 5 h at room temperature with stirring under
nitrogen atmosphere. A small amount of EDPA was
introduced into the reaction vessel at the besinnine. Total
reaction time was 7 h.

Product purification and characterization. The reaction
mixture was treated with DMSO, a solvent of PABH-T
homopolymer, in order to achieve further purification
and isolate unreacted PBA and diblock copolymer from
PABH-T. The recovered PABH-T was characterized by
i.r., u.v., osmometry and viscometry.

The remaining fraction, 4.16 g, was characterized as
above and also evaluated in terms of its lyotropic
behaviour. Multjcomponent analysis by u.v. spectro-
photometry at wavelengths of 310 and 346nm was
performed. Calibration based on mechanical mixtures of
the two homopolymers showed that, for PABH-T content
higher than 20oA, the error in composition evaluation is
less than 10% but this increases at lower concentrations,
although PABH-T is still detectable.
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Table I Characterization ofthe homopolymers and reaction products
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Table 2 Composition data and fractionation
copolymer mixture in DMAc+3% LiCl

results for PBA-

Sample
Ittl"
(d l  e- ' )

Weight

G,,tú"

PBA
PABH-T
PABH-T"
PBA +copolymerd

7500
10 500
10 500

'In DMAo+3% LiCl at 25"C
óAmounts of homopolymers used in step 2 of the synthesis
'Soluble fraction in DMSO
dRemaining fraction after DMSO extraction

Results and discussion
Table I shows the characterization data of both

PABH-T and PBA homopolymers, and the purifred
reaction product after the coupling reaction.

The limiting viscosity number of the sample of
PABH-T synthesized in the first step has values of
2.3 dl g- 1 in DMAc * 3% LiCl and 2.0 dl g - ' in DMSO.
The PABH-T fraction, isolated after the second step, has
the same limiting viscosity number. The sample of PBA
has a limiting viscosity number oî 2.4 dl g- t in
DMAc * 3" LiCl aîd 1.67 dl g- t in sulphuric acid. The
corresponding NI* values for the two homopolymers,
calculated using Burkes and Shaefgen6 relationships, are
c. 18000 and 12000, respectively. The lú^ values,
determined as described above, are 10500 for PABH-T
and 7500 for PBA. The purified reaction product, made
of a mixture of unreacted PBA and the diblock copolymer
has [4] :3.1dlg-1 in DMAc+3% LiCl .  This sharp
increase can only be attributed to copolymer formation.

The mixture of PBA and PBA/PABH-T also shows a
weight increase compared to the original PBA. Both
results support the hypothesis that the DMSO-insoluble
fraction contains some block copolymer. U.v. analysis
also confirms the presence of PABH-T linked to PBA,
despite the relatively high errors in composition
evaluation.

No selective solvents, able to separate PBA from the
block copolymer, have been found so far so their
separation has been carried out using the phase
behaviour of lyotropic polymer solutionsT'8. It is well
known that mixtures of rigid and semiflexible polymers
in solution give rise, at suitable concentrations, to phase
separation with formation of an anisotropic phase which
only contains the rigid polymer; however, in the isotropic
solution the whole flexible polymer plus some amount
of the rigid polymer are presentT'8. The same behaviour
is predicted by the theorye for rigid polymers in the
presence of their block copolymers with semiflexible
components. Assuming PBA and PABH-T as rigid and
semiflexible polymer chains, respectively, application of
the phase separation method can be used as evidence for
the copolymer existence.

A solution of 9o/o wlw of the mixture of PBA and its
copolymer in DMAc + 3o LiCl, after reaching thermo-

PABH-T Copolymer

Sample

Overall Copolymer Copolymer
concentration +PBA +PBA
(%, w. 'w) %)'  (%)u

Bulk solution
lsotropic phase
Anisotropic phase

'Data from u.v. analysis
ù Calculated using ,42" values of Table l

dynamic equlibriumT, was centrifuged to obtain phase
separation. Each phase was analysed in terms of material
balance and composition (Table 2).The overall polymer
content in the isotropic solution was c. 59oA from
PABH-T. This result clearly indicates block copolymer
formation by this procedure. The anisotropic solution
also contains a small fraction of copolymer, as evidenced
by u.v. analysis. It is of great interest that a semiflexible
component, linked to a rigid block, is present in
the anisotropic solution together with the rigid
homopolymer.

The percentage of copolymer in relation to the overall
polymer content can be evaluated, by mass balance, on
the basis of the known percentage of PABH-T and the
M, values for PBA and PABH-T (see Tabte 2). This
shows that the isotropic solution is composed of 100%
diblock copolymer.

Optimization of experimental conditions in order to
achieve higher yields of diblock copolymer, as well as
preparation of the corresponding triblock copolymer are
currently under way and will be reported soon3.
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