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Synthesis and Characteristics of Novel
Nonsegmented Polyamides and Polyurethanes
with Enhanced Flame Retardancy Property

The new polyamides and polyurethanes have prepared by reaction of
N-tetrachlorophthalimidosuccinic acid or its diol derivatives with different diiso-
cyanates. The synthetic procedures for preparation of monomers, model com-

pounds and polymers have described and their chemical structures are characterized by
FTIR and 1H NMR spectroscopic techniques. The physical properties of polymers includ-
ing inherent viscosity, solubility properties, thermal behaviour, thermal stability, and flame
resistance have studied as well. The result showed that, the incorporation of the pendent
N-tetrachlorophthalimide group, into polyamides and polyurethanes backbone increases
the thermal stability as well as flame resistance compared to the unmodified analogues
compounds.
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The use of polymer materials as
adhesives or organic composites in
naval, aeronautic or electronic appli-
cations becomes more and more
important, but one of the main disad-
vantages of these materials is their
poor thermal and fire resistance

behaviour [1-4].
The chemical modification of

polymers backbone via introduction
of special functional groups is one of
the most effective ways for improv-
ing their inherent low thermal stabil-
ity or high flammability.
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There are several reports concerning the incorpora-
tion of flame-retardant functional groups such as halo-
gen and phosphorus compounds in the backbone of
polymers with inherent high flammability [5-13]. In
most cases the modified polymers have shown
improved flame retardancy. 

It is well known also that the incorporation of het-
erocyclic group such as imides, oxazolidone, and tri-
azine compounds improves the thermal stability of
polymers with low thermal stability. Among these
groups imide structure has shown highest effectiveness
for improving thermal stability[14-19].

The present study deals with preparation of diacid
and diol containing tetrachlorophthalimide pendent
groups and the use of these monomers as starting mate-
rials for preparation of different kinds of aromatic-
aliphatic polyurethanes and polyamides.

An investigation on prepared polymers properties
showed improvement in thermal stability and flame
retardancy compared to unmodified polymers.

EXPERIMENTAL

The chemicals were either prepared in the laboratory or
purchased from Merck, Bayer and Aldrich.

Toluene diisocyanate (TDI, mixture of 80% and
20% of 2,4 and 2,6 isomers, respectively) was vacuum
distilled before use. 4,4-Methylene biphenyl isocyanate
(MDI) was heated up to 70oC for 30 min and then fil-
tered before use. Naphthalene diisocyanate (NDI) and
para-phenylene diisocyanate (PPDI) were purified via
sublimation. N-Methyl pyrrolidone (NMP) was vacu-
um distilled over CaH2 and stored over 4A

o

molecular
sieves. Ethylene glycol was dried under vacuum at
90oC over night. Other chemicals and solvents were
used as received.

FTIR Spectra were performed on a Bruker-IFS 48
instrument. 1H NMR Spectra were recorded in
dimethylsulphoxide (DMSO-d6) by using a Bruker
Avance DPX 250 MHz instrument. Thermal gravimet-
ric analysis (TGA) and differential scanning calorime-
try analysis (DSC) were performed on a PL-1500 with
heating rate of 10oC/min under N2 atmosphere.

The limiting oxygen index values (LOI) were
measured by using the LOI apparatus constructed
according to the specifications of ASTM D 2863-70

with modification for viscous or powdery samples [20]. 
The melting points were determined in open capil-

laries with a Buchi 535 instrument. The Inherent vis-
cosities of  the polymers were determined in solution of
0.5 g/dL in DMF at 30oC by using an Ubbelhode vis-
cometer.

Preparation of Monomers
Synthesis of N-Tertachlorophthalimidosuccinic Acid (I)

Aspartic acid (20g, 0.15 mol), tetrachlorophthalic
anhydride (42.98 g, 0.15 mol), and 100 mL of a mixture
of pyridine and glacial acetic acid solvents (volume
ratio 2:3) were placed in a one-necked round-bottom
flask equipped with magnetic stirrer and reflux con-
denser. The mixture was stirred at room temperature
overnight and then refluxed for 6 h. The excess of
acetic acid/pyridine solvents mixture was removed
under reduced pressure. The viscous solution was sub-
sequently poured to water and the pH was adjusted to
1-2 using concentrated hydrochloric acid. The white
precipitate which was formed filtered and washed sev-
eral times with water. The product was purified via
recrystalization from water/methanol mixture and dried
under vacuum at 70�C overnight.

Synthesis of Bis-(2-hydroxyethyl) 2-(4,5,6,7-tetrachloro-1,3-

dihydro-2H-isoindol-2-iyl) Succinate (II)

Monomer(I) (15 g, 0.037 mol) and ethylene glycol
(115.96 g, 1.78 mol) were placed in a two-necked
round-bottom flask equipped with thermometer, mag-
netic stirrer, and reflux condenser. It was stirred for 2 h
and then the reaction mixture was refluxed for 6 h.
After addition of reaction mixture to water, a precipi-
tate was formed which was filtered and washed with
hot water and finally dried under vacuum at 80oC
overnight.

Preparation  of Model Compounds
Preparation of Model Diamide (MDAC) 

phenyl isocynate (0.3 g, 2.52 mol), dry NMP (3 mL)
and tributyl amine (0.2 g) were placed in a 100 mL
three-necked round-bottom flask equipped with a ther-
mometer, N2 gas inlet tube, reflux condenser and mag-
netic stirrer. While stirring at room temperature diacid
(I) (0.5g, 1.26 mol) was added protionwise over a peri-
od of 10-15 min. The stirring of solution was continued
for further 30 min and then the flask was slowly heated

540

Synthesis and Characteristics of Novel Nonsegmented ... Yeganeh H. et al. 

Iranian Polymer Journal / Volume 14 Number 6 (2005)

Archive of SID

www.SID.ir



at 40oC and kept at this temperature for 3 h. It was then
heated to 90oC and maintained for 4 h. 

At this temperature carbon dioxide gas evolution
was observed. The reaction temperature was raised to
120oC and kept for 24 h. After cooling, the solution was
poured into water and the precipitated compound was
filtered and washed several times with water and then
dried under vacuum at 70oC overnight.

Preparation of Model Diurethane (MU) 

diol (II) (0.97 g, 0.002 mol) and dry NMP (3mL) were
placed in a 100 mL three-necked round-bottom flask
equipped with a thermometer, N2 gas inlet, reflux con-
denser and magnetic stirrer. Then phenyl isocyanate
(0.51 g, 0.004 mol) and dibutyltin dilaurate (0.1 g)
were added to the flask. The reaction mixture was
stirred at room temperature for 30 min and then gradu-
ally heated up to 110oC. The reaction was continued for
7 h and then the solution was poured into water. The
precipitated compound was filtered and washed with
water and then dried under vacuum at 80oC overnight.

General Procedure for Preparation of Poly(amide-
imide) s
diisocyanate monomer (0.002 mol), dry NMP (3 mL),
and tributylamine (0.1g) were placed into a 100 mL
two-necked round-bottom flask equipped with magnet-
ic stirrer, reflux condenser and N2 gas inlet. While stir-
ring the reaction mixture at room temperature, diacid
(I) (0.802 g, 0.002 mol) was added to the flask portion-
wise over a period of 15 min. The stirring of the solu-
tion was continued for further 30 min and then temper-
ature was raised to 40oC and kept at this temperature
for 3 h. It was then heated to 90oC and maintained for
4 h. The reaction temperature was raised to 120oC for
24 h. After cooling the flask the solution was poured
into water and the precipitated polymer filtered,

washed with water, and dried under vacuum at 90oC
overnight.

General Procedure for Preparation of Poly(imide-
urethane)s
diisocyanate monomer (0.001 mol), dry NMP (2 mL),
diol(II) (0.001 mol), and dibutyltin dilaurate (0.1 g)
were placed into a 100 mL two-necked round-bottom
flask equipped with magnetic stirrer, reflux condenser
and nitrogen gas inlet. It was stirred at room tempera-
ture for 30 min and then gradually heated to 110oC and
kept at this temperature for 7 h. After cooling the flask,
the solution was poured into water and the precipitated
compound was filtered and dried under vacuum at 90oC
overnight.

RESULTS AND DISCUSSION

The synthetic route for preparation of diacid(I) and
diol(II) were outlined in Scheme I. The reaction of one
equivalent of tetrachlorophthalic anhydride and L-
aspartic acid in pyridine/acetic acid glacial solvents
mixture leads to (I), which was subsequently trans-
ferred to (II). The FTIR spectrum of (I) showed acidic
bands at 2700-3400 cm-1 (O-H stretching) and 1700
cm-1(C=O stretching). Also the characteristic bands of
imides groups were appeared at 1790 and 1730 cm-1

due to asymmetric and symmetric stretching of car-
bonyl groups, 1394,1126,740 cm-1 as a result of axial,
transverse, and out-of-plane vibrations of cyclic imides
structure, respectively. The 1H NMR spectrum of (I)
showed a doublet of doublets for CH(a) proton at
5.17-5.20 ppm and two distinct doublets of doublets at
2.85-2.90 ppm and 3.11-3.16 ppm for two protons of
CH2(b), respectively. Also the peak at 12.66 ppm was
assigned to acidic protons.
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The diacid (I) was converted to diol (II) via react-
ing with excess amount of ethylene glycol under reflux
condition. The FTIR spectrum of diol (II) showed
absorption of ester bands at 1747 cm-1 (C=O stretch-
ing) and hydroxyl group bands at 3261 cm-1 (O-H
stretching). Also characteristic bands of imide were
appeared at 1786,1720,1398, and 743 cm-1. In the
1H NMR spectrum of diol (II) a doublet of doublets
was observed at 5.22-5.37 ppm for CH(a) proton. Also
two distinct doublets of doublets were observed at 3-3.09
and 3.20-3.29 ppm for two different protons of CH2(b)
group. The peak at 12.66 ppm due to COOH protons
was totally disappeared, which confirmed the complete
conversion of (I) to (II). Also a triplet and a singlet were
observed at ca 4.3 ppm and 4.74 ppm for CH2(d, e) and
OH(f), respectively. The spectroscopic data of diacid(I)
and diol(II) are collected in Table 1.

The optimum conditions of polymerization were
obtained via reaction of diacid(I) and diol(II)

monomers with phenyl isocyanate (Scheme II).The
duration and the temperature of each step as well as the
kind and the amount of catalyst were optimized for
preparation of model compounds and then optimized
condition were applied to the synthesis of polymers in
order to prepare polymers with highest yield and
molecular weigh. The FTIR spectra of MDAC, showed
characteristic bands of amide group at 1646 cm-1 (C=O
stretching), 1595 cm-1 (N-H bending), and 3283 cm-1

(N-H stretching). Also bands due to acid group at
1700 cm-1 (C=O stretching) and 2700-3400 cm-1 (O-H
stretching) were totally disappeared. The 1H NMR
spectrum of MDAC, showed a distinct band at
10.13 ppm (NHCO), a doublet of doublets at 5.47 ppm
for CH (a), two doublets of doublets at 2.94 ppm and
3.0 ppm for CH2(b) and a multiple peak at 7.26 ppm
(aromatic C-H). The FTIR spectrum of MU showed
absorptions of urethane group at 3327 cm-1 (N-H
stretching), 1724 cm-1 (C=O stretching), and 1541 (N-H

Table 1. Spectroscopic data of monomers.

(*) Solvent: DMSO-d6

Monomer mp (°C) Yield (%) FTIR (cm-1) 1H NMR (ppm)*

I

II

268

112

88.78

85.65

2937, 1790, 1730, 1394,

1126, 741

3261, 2949, 1786, 1747,

1720, 1398, 1240, 1123, 743

5.20-5.17 (dd, 1H), 3.16-3.11 (dd, 1H),

2.85-2.90 (dd, 1H), 12.66 (s, 1H)

5.37-5.22 (dd, 1H), 4.74 (s, 1H), 

4-4.3 (m, 8H), 3.29-3.20 (dd, 1H), 

3-3.09 (dd, 1H)

Scheme II. Preparation of model compounds.
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bending), Also the peak due to hydroxyl group was not
observed. The 1H NMR spectrum of MU showed the
peak at 9.48 ppm (proton of urethane group) also, the
peaks due to aromatic proton groups and protons of
CH(a) and CH2(b) were observed. These data were in
good agreement with the proposed structure. the spectro-
scopic data of MDAC and MU are collected in Table 2.

According to the optimized conditions obtained
from the study of model compounds, different
polyamides (PA series) and polyurethanes (PU series)
were prepared from reaction of monomer(I) and
monomer(II) with different diisocyanates (Scheme III
and IV). The FTIR spectra of PAs showed characteris-
tic bands of amide at ca 1650 cm-1 and 3371 cm-1 also
bands of imides appeared at ca1 724, 1782,1391 and
741 cm-1. In 1H NMR spectra of PAs, amide protons
were observed at ca 10 ppm and there was no sign of

any peaks due to acidic protons.
The FTIR spectra of PUs displayed characteristic

peaks of urethane bands at ca 1726 and 3360 cm-1 as
well as peaks of imide groups. The absorption band of
hydroxyl groups was totally disappeared.

The 1H NMR spectra of PUs show peaks around
9.5 ppm due to urethane NH bands as well as peaks due
to other protons present in proposed structure of PUs.
Spectroscopic data of all PAs and PUs were in good
agreements with model compounds data, which con-
firmed the structure of polymers. Spectral data of all
PAs and PUs were collected in Table 3 and Table 4,
respectively.

Solubility behaviour of all PAs and PUs were stud-
ied at different solvents. All of these polymers showed
excellent solubility in polar aprotic solvents. It seems
that introducing the bulky pendent phthalimide groups,

(*) Solvent: DMSO-d6

Table 2. Spectroscopic data of model compounds.

Model compound Yield (%) FTIR (cm-1) 1H NMR (ppm)*

MDAC

MU

90

89

3283, 1780, 1717, 1649,

1595, 1448, 1371, 752

3261, 2949, 1786, 1747,

1720, 1398, 1240,743

10.13(s, 1H), 7.56-7.26(m, 10H),

5.47-5.50(dd, 1H), 3-3.17(dd, 1H),

2.94-2.98(dd, 1H)

9.48-9.76(t,2H), 6.93-7.46(m, 10H), 

5.35-5.37(dd,1H), 4.12-4.44(m,8H),

3.20-3.33(dd,1H), 3.03-3.09(dd, 1H)

Table 3. Spectroscopic data of polyamides.

Polymer code FTIR (cm-1) 1H NMR (ppm)

PACl

PAC2

PAC3

PAC4

PAC5

3371, 2900, 1782, 1724, 1650, 1597, 1391, 1123, 741

3371, 2900, 1784, 1724, 1550, 1640, 1448, 1380,

1121, 741

3250, 2860, 1782, 1722, 1648, 1550, 1380, 1120, 741

3370, 2850, 1780, 1724, 1638, 1548, 1450, 1385,

1120,740

3254, 2865, 1774, 1724, 1636, 1541, 1371, 1123, 741

10.01-10.10 (m 2H), 7.08-7.48(m, 8H), 5.46-5.49 (dd,

1H), 3.93 (S, 2H), 3.11-3.20 (dd, 1H), 3.30-3.07 (dd, 1H)

10.05-10. 08 (m, 2H), 5.35-5.38 (dd, 1H), 3.53-3.54(m,

4H), 3.03-3.05 (dd, 1H), 2.89-2.92 (dd, 1H), 1.72-1.74

(m, 8 H), 1.39-1.45 (m, 12H), 1.21 (s, 2H)

10.03-10.05 (m, 2H), 7-7.58 (m, 4H), 5.38-5.40 (dd,

1H), 3.03-3.05 (dd, 1H), 2.96-2.98 (dd, 1H)

10.04-10.07 (m, 2H), 5.31-5.32dd, 1H), 4.2 (t, 4H),

3.09-3.11 (dd, 1H), 2.91-2.98 (dd, 1H), 1.3-1.7 (m, 8H)

10.1-10.21(m, 2H), 7.4-7.8 (m, 6H), 5.39-5.41 (dd, 1H),

3.02-3.04 (dd, 1H), 2.97-2.99 (dd, 1H)
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increase the solubility of polymers due to decreasing
packing and crystallinity of polymer chains (Table 5).

In order to obtain an estimation of molecular
weight, the inherent viscosity of solution of PAs and
PUs were measured at 30oC (table 5). The results indi-
cated that polymers have low to medium molecular
weights.

The thermal behaviour for PAs was studied by DSC
analysis (Table 6). The DSC thermograms did not show
endotherms due to melting of polymers (Tm), however
an exothermic peak started at 180oC was observed
which was attributed to the thermal decomposition.
Also the glass transition temperature (Tg) of polymers

was observed as a second order peak around 150oC,
which is much higher than typical polyamide (PM1 and
PM2). This phenomenon can be attributed to barrier for
free rotation imposed by the bulky tetrachlorophthalim-
ide pendent group.

The thermal stability of PAs was evaluated by TGA
(Table 6). A 10% weight loss as a criterion of thermal
stability of polymers was in the range of 250-300oC
which were higher than typical polyamides (PM1 and
PM2), so introducing imide groups into polymer back-
bone caused increase in thermal stability. 

The study of thermal behaviour and thermal stabil-
ity was also preformed for PUs. DSC Thermograms of

Scheme III. Preparation of polyamides.
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Table 4. Spectroscopic data of polyurethanes.

Polymer code FTIR (cm-1) 1H NMR (ppm)

PACl

PAC2

PAC3

PAC4

PAC5

PU6

3366, 2926, 1784, 1726, 1510, 1371, 1250, 1123,

741,460

3377,2920,1784,1724,1533,1456,1394,1223,1128,74

1,511

3365, 2925, 1785, 1724, 1530, 1450, 1380, 1250,

1120,740

3360,2927, 1785, 1724, 1510, 1445, 1381, 1220,

1120,900,741

3370, 2926, 1722, 1784, 1515, 1440, 1380, 1223,

1121,741

3375,2928, 1785, 1722, 1520,1445,1381,1223,12,

1120,741

9.39,9.51 (s, 2H), 7.09-7.34 (m, 8H), 5.33-5.34 (dd,

8H), 5.33-5.34 (dd, 1H), 4.20-4.24 (m, 8H), 3.79 (s,

2H), 3.20-3.25 (dd, 1H), 3.01-3.05 (dd, 1H)

9.4,9.55(s, 2H), 7.07-7.12(m, 3H), 5.33-5.34(dd, 1H),

4.23-4.25 (m, 8H), 3.21-3.23(dd, 1H), 3.17-3.19 (dd,

1H), 2.8 (s, 3H)

9.4(s, 2H), 5.2(dd, 1H), 4.31(m,4H) 4(t,4H),3.20(dd,

1H),3.18 (dd,1H), 1.2-1.7(m,8H)

9.5(s, 2H), 5.21-5.23 (dd, 1H), 4.2 (m, 4H), 3.54(m,

4H), 3.3 (dd, 1H), 3.03-3.04 (dd, 1H), 1.72-1.74(m,

8H), 1.29-1.45 (m, 12H), 1.21(s, 2H)

9.4(s, 2H), 7.02-7.20 (m, 6H), 5.1 (dd, 1H), 4.4 (m, 8H),

3.2 (ddt, 1H), 3.2 (dd, 1H), 3.17(dd, 1H)

9.52 (s, 2H), 6.95-7.2 (m, 4H), 5.21-5.23 (dd, 1H), 4.17-

4.19 (m, 8H), 3.20-3.25(dd, 1H), 3.14-3.18 (dd, 1H)

Scheme IV. Preparation of polyurethanes.
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Polymer code Tg Tm IDT T%10 T%50 Ch.Y. (%)

PAC1

PAC2

PAC3

PAC4

PAC5

PM1

PM2

PU1

PU2

PU3

PU4

PU5

PU6

PM3

160

153

163

150

167

120

125

108.9

109.4

100.2

100.4

115

113.4

78

-

-

-

-

-

-

-

307.8

300.9

290.5

289.3

310.4

311.5

250

178

162.6

176.5

163.5

180

160

162

157.6

155.4

150.6

151.7

159.9

160.9

135

285.6

260.2

280

259

295.5

250

253

243.3

240.5

230.9

230.5

232.5

258.9

165

500

410.7

495

400

501.7

402

410

375

376

240.5

236.9

260.4

270.4

200

36

30

33.5

29.4

38.4

3

5

25

24

23.3

25.2

26

27.4

0

Table 6. Thermal properties of PAs and  PUs.

(PM1): Prepared via reaction of MDI with adipic acid; (PM2): Prepared via reaction of MDI with terephthalic acid;

(PM3):  Prepared via reaction of MDI with 1,4-butane diol; PM1, PM2 and PM3 were prepared according to

general procedures described in the text; (T
g
): glass transition temperature; (T

m
): melting point; IPT: Initial

decomposition temperature; (T
%10

): temperature of 10% weight loss; (T
50%

): temperature of 50% weight loss;

(Ch.Y.): Weight of remained polymer at 600oC.

Polymer code ηinh (dL/g)
Solubility*

Methylene chloride Dioxane CHCl3 THF DMAC NMP DMSO DMF

PAC1

PAC2

PAC3

PAC4

PAC5

PU1

PU2

PU3

PU4

PU5

PU6

0.15

0.12

0.11

0.14

0.15

0.15

0.17

0.14

0.20

0.21

0.22

±

±

±

+

±

±

±

±

+

±

±

+

+

+

+

+

+

+

+

+

+

+

-

-

-

±

-

-

-

+

+

-

-

-

-

-

±

-

-

-

+

+

-

-

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

Table 5. Physical properties of PAs and  PUs.

* (+) soluble, (±) soluble after heating, (-) insoluble
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PUs showed Tg as a second order peak around 110oC
and an endothermic peak around 300oC, which was fol-
lowed by an exothermic peak. These peaks were attrib-
uted to partial melting and subsequent degradation of
PUs (Table 6).

The investigation of thermal stability of PUs
showed that 10% weight loss temperature of these
polymers were in the range of 230-260oC (Table 6). 

For studying flame resistance, two factors, the char
yield and the limiting oxygen index (LOI) were deter-
mined. The LOI data for PAs are collected in Table 7.
The LOI values of these polymers were in the range of
19-21, which clearly show improvement in comparison
to typical polyamides like PM1 and PM2. Also the val-
ues of char yield were enhanced in comparison to typi-
cal polyamides. This improvement was attributed to the
chlorine atoms and imide structures that are present in
polymer chains.

The LOI values of PUs were in the range of 23-27.5
(Table 7), which show improvement in comparison to
common polyurethanes as well.

CONCLUSION

Two diacid and diol monomers containing tetra-
chlorophthalimide pendant group were prepared via a
simple method. These monomers were successfully
used as starting materials for preparation of two differ-
ent classes of polyamides and polyurethanes. The

investigation of physical behaviour showed that the
incorporation of chlorophthalimide pendent group into
the polymer backbone had considerable by monomer
influence on improving of thermal stability and flame
resistance of polymers. 
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