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Polyamide-imides (PAI) offer a class of resins
which combine the advantage of high temperature
stability with ease of processability.! "¢ Various
approaches have been carried out successfully in the
synthesis of PAIs. The thionyl chloride activated
low temperature polycondensation technique for
the synthesis of co-polyesters and co-polyamides
has been reported by Imai et al.,” and has been
extended to the synthesis of polyamide-imides® and
polyester-imides® at our laboratory. In the present
communication, we report the synthesis of PAIs
from diacids having preformed imide groups with
an ethereal diamine by low temperature polycon-
densation in the presence of thionyl chloride in
polar solvents. Physical, chemical and certain other
properties of the polymers are also described.

EXPERIMENTAL

Materials

Trimellitic anhydride (TMA) (Tokyo Kasei
Industries, Japan) was used following its recrystalli-
zation from acetic anhydride. p-Aminobenzoic acid
(BDH, India), sulfamic acid (BDH, India) and
bisphenol A (BDH, England) were purified by
recrystallization from ethanol. Chlorobenzene
(BDH, India) was distilled before use. All other
solvents were purified following standard
procedures.!!

Monomer Synthesis

N-( p-Carboxyphenyl)trimellitimide (I) was pre-
pared from trimellitic anhydride and p-amino-
benzoic acid following the procedure of Maiti et
al.!?

N-Sulfotrimellitimide (IV) was prepared by the
reaction of TMA with sulfamic acid as reported
earlier.!?

The ethereal diamine (II) was prepared by the
reaction of p-chloronitrobenzene with bisphenol-A
following the procedure of Santappa et al.'°

p-Chloronitrobenzene was prepared by nitration
of p-chlorobenzene following the standard
procedure.!#

The strucrure of monomers I, II, and IV was
confirmed by elemental analysis and IR
spectroscopy.

Polymer Synthesis

The diacids I and IV, were reacted with II at low
temperature in the presence of thionyl chloride to
produce PAIs. A typical example is as follows:
3.11g (10 mmol) of I in 25ml of N,N-
dimethylformamide (DMF) were placed in a three
necked flask fitted with a stirrer, a thermometer and
a nitrogen purge tube. The solution was cooled to
—5°C and 2.38 g (20 mmol) of thionyl chloride were
added with stirring. 4.10g (10 mmol) of II and
1.58 g (20 mmol) of pyridine were then added to the
mixture which was stirred for 9h at 0—5°C and
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finally for 1 h at room temperature (~ 30°C). At the
end of the reaction, the mixture was poured into ice/
water and filtered. The product was washed several
times with chloroform and purified by dissolving in
DMF and reprecipitation by methanol.

The repeat units of the polymers III and V were
characterized by elemental analyses (nitrogen and
sulfur) and IR spectroscopy (Perkin-Elmer 237B
Spectrophotometer, KBr pellet). X-ray measure-
ments were made with DORN I (USSR) X-ray

Diffractometer using Ni-filtered Cu-K, radiation.
Thermal analysis was carried out (Hungarian
MOM Derivatograph of Paulik Paulik Erdey sys-
tem) in air, at a heating rate 10°C min~*.

RESULTS AND DISCUSSION
PAIs prepared by thionyl chloride-activated

polycondensation involve the diacid chloride as
an intermediate compound as shown in the scheme.
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Table I. Yield and physical properties of the polyamide-imides
Solvent Yield Igherept Density T.b Nitrogen/% Sulfur/%;
Polymer viscosity
4 used for _
code name polymerization % dig! gem ™3 °C Calcd Found Caled Found
m DMF 68—70 0.16 1.18 — 6.13 6.57 — —
NMP 75—176 0.18 1.18 365 6.13 6.42 — —
A DMF 61—63 0.13 1.17 — 6.51 6.79 4.96 4.72
NMP 66—67 0.15 1.18 357 6.51 6.28 4.96 4.68

@ Measured in DMF (0.5 weight 9 solution) at 30°C.
b Calculated from DTA curves (Figure 2).
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IR spectra of the polyamide-imide: 1, III; 2, V.

Figure 1.
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Figure 2. Differential thermal analysis (DTA) and thermogravimetric analysis (TGA) of III, (DTA-1,
TG-1); V, (DTA-2, TG-2) in air at a heating rate, 10°C min~'.

It was found that N-methyl-2-pyrrolidone (NMP)
and DMF were suitable solvents for this polycon-
densation reaction. Although pyridine was used as
the acid acceptor, other bases such as triethylamine
may also be used. The molecular weight of the
polymer may be controlled by changing the reaction
conditions including solvents and preferably by the
use of a suitable catalyst.

The physical properties of the resulting
polyamide-imides are shown in Table I. The in-
herent viscosity of the polymers was found to be low
(Table I), indicating low molecular weights.
However, it is observed that solvents with higher
polarity increases the overall yield and the mo-
lecular weight of the polymers. Using NMP as a
solvent, the yield and inherent viscosity of both
polymers are improved over those in DMF.

The IR spectra of the PAIs III and V are shown in
Figure 1.

The polymers were found to be soluble in highly
polar solvents such as DMF, N,N-dimethyl-
acetamide, NMP, dimethyl sulfoxide, conc. H,SO,
etc. but insoluble in benzene, toluene, xylene,
carbon tetrachloride, chloroform, methanol, eth-
anol, chlorobenzene, nitrobenzene etc. Similar so-
lubilities have been reported by Kurita et al.® as
well as Maiti and co-workers.?:12

X-Ray diffraction diagrams of these polymers
showed no sharp peaks, indicating the polymers to
be amorphous. The higher solubility and lower
density of the polymers corroborate this.
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Differential thermal analysis (DTA) and thermo-
gravimetric analysis (TGA) for polymers in air are
shown in Figure 2. From the DTA curves, these
polymers seem to be fairly thermostable. The deg-
radation started at 370°C for III and at 362°C for
V. The melting temperature, 7, of polymers III
and V appeared to be 365 and 357°C, respectively
(Figure 2). The TGA curves show that both the
polymers undergo an initial weight loss of 5—69%; at
100—110°C, due possibly to loss of moisture or
entrapped solvents. Subsequently, there is only a
4—69; weight loss at 350°C and the maximum de-
composition occurs at 400—600°C for either poly-
mers. Similar thermal behavior was also observed
in other polyamide-imides reported earlier.8°:15
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