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ABSTRACT

New aromatic copoly(amide-imide)s with high inherent viscosities were prepared by direct
polycondensation reaction of diacides 2 or 5 and 4-nitro-1,2-phenylendiamine and three different
derivatives of diacides 7 as a second diacides using triphenyl phosphite in N-methyl-2-pyrrolidone
(NMP)/pyridine solution containing dissolved CaCl,. Their decomposition temperatures at 10%
weight loss in nitrogen atmosphere were above 165 °C and the anaerobic char yield at 600 °C
ranged from 46% to 74%. These polymers were readily soluble in various organic solvents and by
their casting into transparent, tough and flexible films can be easily achieved.
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INTRODUCTION

Poly(amide-imide)s, PAls, are a class of
high-performance polymers, which show excellent
mechanical and thermal properties and are also
solvent resistant'®. There are numerous
applications for them, which include electronic wire
enamel adhesives, injection-moulding and
extrusion products and membranes*’. They inherit
desirable characteristics from both polyamide and
polyimides and possess good thermal properties
compared to polyamide, and better melt process-
ability than polyimides. Many approaches have
been investigated in attempting to improve the
solubility of aromatic polyimides including the
addition of pendant groups to polymeric
backbone?®® and incorporation of bulky'-'? or

flexible' 'S and heterocycles'®'® unit within the
parent chain.

Azo-containing polymers are
macromolecules with azo groups in the main chain
or side chain. Polymers with azobenzene moiety
have good stability and usually show high glass
transition temperature (Tg). Introducing azobenzene
linkages in the polymeric main chain can improve
thermal stability and allow broad application as an
engineering plastic'®.

In the present article, we report the
synthesis and characterization of various
copoly(amide-imide)s derived from the
polycondensation reaction of diacides 2 or 5, with
4-nitro-1,2-phenylendiamine 6 and three different
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derivatives of diacides 7 as a second diacides by
using N-methyl pyrrolidone ( NMP), triphenyl
phosphite and pyridine as condensing agents.

Due to the presence of azo group and
aromatic ring on the Copoly(amide-imide)
backbone, they may have good thermal stability.
The solubility, thermal properties and tensile
properties of the PAls are described herein.

EXPERIMENTAL

Materials

All chemicals were purchased from Fluka
Chemical Co. (Switzerland), Aldrich Chemical Co.
(Milwaukee, WI, USA) and Merck Chemical Co.
(Germany).

Techniques

Fourier transform infrared (FTIR) spectra
were recorded on a Galaxy series FTIR 5000
spectrophotometer (England). Spectra of solids
were obtained using KBr pellets. Vibrational
transition frequencies were reported in wave
number (cm™). Band intensities were assigned as
weak (w), medium (m), shoulder (sh), strong (s) and
broad (br). Inherent viscosities were measured by a
standard procedure using a Technicor Viscometer.
Thermal gravimetric analysis (TGA and DTG) data
for polymers were recorded on a Mettler TA4000
System under N, atmosphere at a rate of 10 #*C/
min. Elemental analyses were performed by the Arak
Petrochemical Company, Arak, Iran.

Monomer synthesis
4,4i-Azodibenzoic Acid
Azodibenzenedicarboxylic Acid] 2
4-Nitrobenzoic acid 1 (13 g, 0.079 mol)
was heated in sodium hydroxide solution (50 g in
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250 mL) at 50°C. A solution of glucose (100 g in
150 mL of water) was added slowly at this
temperature with occasional shaking. The reaction
mixture was then cooled to ambient temperature
and aerated for 8 h with vigorous stirring until orange
crystals were formed. The mixture was acidified with
dilute acetic acid. The liberated diacid was filtered,
washed with water and dissolved in hot potassium
carbonate solution to obtain orange coloured
solution. This solution was concentrated to obtain
orange crystals of potassium salt of diacid. On
acidifying with dilute acetic acid, 18 gr (86 %) of
rose coloured

4,4i-azodibenzoic acid 2 was obtained, mp
>400°C, 1579 (s), 1410 (s), 1300-1200 (s, br), 1100-
1000 (s, br), 868 (s), 777 (s) cm'. Analysis: Calculated
forC,,H,,N,O,: C, 62.24; H, 3.70; N, 10.36; found: C,

62.4;H,3.8;N, 10 .FTIR (KBr): 3600-2900 (m, br),
1669 (s, br), 1614 (s).

2-(4-carboxyphenyl)-1,3-dioxoisoindoline-5-
carboxylic acid 5

Into a 250-mL, round-bottom flask, 0.5 g
(2.5 mmol) of trimellitic anhydride (3), 0.34 g (2.5
mmol) of 4-aminobenzoic acid (4), 20 mL of acetic
acid and a stirring bar were placed. The mixture
was stirred at room temperature overnight and then
was refluxed for 4 h. The solvent was removed under
reduced pressure, and the residue was dissolved
in 100 mL of cold water; then, 5 mL of concentrated
HCl was added. The solution was stirred until a white
precipitate was formed, and then the precipitate was
filtered off and dried; this yielded 4.95 g (90.3%) of
white crystals (3). mp: 373-374°C. FTIR (KBr): 3100—
2200 (m, br), 1770(sh), 1720 (s),
1710(m),1405(m),1400-1610(s), cm-'. Anal. Calcd
for C,;H,NO, :C, 61.74; H, 2.91; N, 4.50%. Found: C,
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61.8;H,2.7; N, 4.6 %.
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Fig. 1:
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Polymer synthesis

Copoly(amide-imide)s 8a-c were
synthesized by a typical procedure shown in Figure
2. A mixture of (1mmol) of diacid 2 and (1mmol) of
4-nitro-1,2-phenylendiamine 6, and (1mmol)
diacides 7 as a second diacides , 0.6gr of calcium
chloride, 5ml of N-methyl pyrrolidone ( NMP), 1ml
of pyridine, and 1ml of triphenyl phosphite was
heated with stirring at 140 °C for 4h. After cooling,
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RESULTS AND DISCUSSION

Polymer Synthesis

The CPAls (8a—c) or (9a—c) and were
synthesized by the direct solution polycondensation
reactions of an equimolar diazo dicarboxylic acid
(2) or imidedicarboxylic acid (5) with 4-nitro-1,2-
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the resulting viscous reaction mixture was poured
into rapidly stirred 200 ml methanol. The precipitated
polymer was filtered, washed with methanol and
hot water and dried under vacuum at 80°C for
12 h.

Furthermore, Copolyamide 9a-c was
prepared by the above procedure.

TEL, T
TCall.Ty "~

phenylendiamine (6) and series of diacides
derivatives (7a—c) using triphenyl phosphite, N-
methyl-2-pyrolidone and pyridine as condensing
agents (scheme 2). Synthesis and some of the
physical properties of these CPAls were given in
Table 1. The entire polycondensation readily
proceeded in a homogeneous solution. Tough and



1648

stringy precipitates formed when the viscous CPAIs
solutions were trickled into stirred methanol. All
the copolymers were obtained in quantitative

ZOMORODBAKHSH et al., Orient. J. Chem., Vol. 28(4), 1645-1650 (2012)

yields with moderate inherent viscosities
between of 0.36-0.38 dL/g.

Table 1: Synthesis and some physical properties of CPAIs (8a-f) and (9a-f)

Polymer Temperature (°C)? Time (h)? Yield (%) h,_ (dL/g)®
8a 140 4 95 0.38
8b 140 4 98 0.38
8c 140 4 98 0.37
9a 140 4 98 0.35
9b 140 4 97 0.38
9c 140 4 96 0.36

®Measured at a concentration of 0.5 g/dL in DMF at 25°C

Polymer Characterization

The representative FT-IR spectrum of
copoly(amide-imide)s 8a is shown in Figure 3. The
copolymer shows absorption bands at 1726-1636
cm' due to imide, amide and ester carbonyl groups.
Absorption bands around 1410-1341 and 730-710
cm' show the presence of imide heterocycle in this

polymer. Absorption bands around 1262-1000 cm™’
which correspond to C-O stretching frequencies of
ester. The other spectra show a similar pattern (See
Table 2. The elemental analysis values of the
resulting copolymers were in good agreement with
the calculated values for the proposed structures
(Table 3).

Table 2: The FT-IR Spectra of Copoly(amide-imide)s 8a-c and 9a-c

Copolymer FT-IR spectra (cm™)

8a 3493, 3378, 1726, 1636, 1599, 1570, 1522, 1467, 1410, 1341, 1226
8b 3437, 3374, 1642, 1599, 1520, 1408, 1335, 1248

8c 3470, 3359, 1638, 1602, 1521, 1473, 1412, 1341, 1248

9a 3477, 3378, 1720, 1661, 1593, 1569, 1523, 1340, 1340, 1226

9b 3488, 3374, 1720, 1656, 1592, 1514, 1410, 1342, 1248

9c 3460, 3373, 1720, 1662, 1592, 1516, 1342, 1248

Table 3: Elemental Analysis of Copoly(amide-imide)s 8a-c and 9a-c

Copolymer  Formula C% H% N%
8a C,H,NO, calc 60.89 3.28 16.71
(835), found 59.17 3.05 14.36
8b C,H,,N,O, calc 59.06 3.22 18.06
(810), found 56.45 2.73 16.53
8c C,H,,N,O, calc 58.06 3.22 18.06
(810), found 57.56 2.54 16.58
9a C,eH,.:N, O, calc 60.75 2.95 13.78
(855), found 57.59 2.73 11.48
9b C,H,.N,.O, calc 58.09 2.87 14.82
(330.5), found 54.77 2.69 12.48
9c C,H, N, .0, calc 58.09 2.87 14.82
(330.5), found 55.35 2.69 12.41




ZOMORODBAKHSH et al., Orient. J. Chem., Vol. 28(4), 1645-1650 (2012) 1649

i,

(8

nl

=

ul [T 3
[ i3

n|

|

L

L 1

“ . e

L1

o . : .

o ™ pm on pr PR

Fig. 3: FT-IR Spectrum of polymer 8a

Solubility

The solubility behaviors of copoly (amide-
imide)s 8a-c and 9a-c were investigated as 0.01 g
of polymeric sample in 2 mL of solvent. All of the
polymers are soluble in organic solvents such as
DMF, DMAc, DMSO, NMP and H,SO, at room
temperature, but insoluble in solvents such as THF,
acetone, chloroform, methylene chloride, methanol,
ethanol and water

Thermal Properties
The thermal properties of copolymers 8a-
¢ and 9a-c were investigated by means of

Table 4: Thermal behavior
of copolyamides 8a-c and 9a-c

Polymer T, (°C) T, (°C)> Chard Yield®
8a 180-185 310-315 59.96
8b 160 220-225 56.47
8c 130-135 165-170 57.57
9a 149-145 215-220 74.35
9b 165-170 270-275 47.02
9c 160-165 220-225 46.15

ab Temperature at which 5% or 10% weight loss
respectively was recorded by TGA at a

heating rate of 10 ‘C/min in N,

¢ weight percentage of material left after TGA
analysis at maximum temperature 600°C in N,

thermogravimetric analysis (TGA) and derivative
thermogravimetric (DTG) analysis in a nitrogen
atmosphere at a heating rate of 10°C/min (Table 2).
Initial decomposition temperature, 5% and 10%
weight loss (T,, T,,) and char yields at 600°C for
these samples are summarized in Table 4.

Copolyamide 8a exhibited good
resistance to thermal decomposition up to 180-
185°C in nitrogen and began to decompose
gradually above that temperature. The char yield
for this polymer at 600°C was 59.96% in nitrogen
(Figure 4).
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Fig. 4: TGA & DTG of copolyamide 8a
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CONCLUSIONS

A new copolyamide (8), (9) containing azo
group in the main chain was synthesized by
polycondensation reaction of an equimolar mixture
of diacides 2 or 5 and 4-nitro-1,2-phenylendiamine
and three different derivatives of diacides 7 as a
second diacides. This copolymer showed good
solubility and thermal stability characterized by
thermal gravimetric analysis (TGA and DTG).
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