
Anew class of optically active poly(amide-imide-urethane)s (PAIUs) was synthe-
sized via one-step diisocyanate route under microwave irradiation. 4,4’-methylene-
bis-(4-phenylisocyanate) (MDI) was reacted with bis(p-amido benzoic acid)-N-

trimellitylimido-L-leucine (BPABTL) and polyethyleneglycol-diols (PEG)s to furnish a
series of new PAIUs. The effect of different reaction conditions such as irradiation power,
irradiation time, reaction solvent, soft segment length, and reaction catalysts as well as
no catalyst condition were investigated. Also, the possibility of the synthesis of modified
thermoplastic polyether urethanes by introducing the imide and amide functions in the
polyurethane (PU) backbone was explored. The resulting multiblock copolymers have
inherent viscosities in the range of 0.09-0.63 dL/g. These copolymers are optically active,
thermally stable and soluble in amide-type solvents. 
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Recently there has been growing
interest in applying microwave
(MW) energy to synthetic organic
chemistry as well as synthetic poly-
mer chemistry [1]. In the later field,
microwave energy has been utilized
for the radical polymerization of

vinyl monomers [2], for the curing
of polymers such as epoxy resins [3-
6], and polyurethanes [6,7], and for
the imidization of polyamic acids [8-
10].

Industrial use of irradiation as an
alternative to thermal heating of the
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polymerization process has generated interests because
of the faster reaction time and improved efficiency.
Traditional radiation sources like gamma radiation,
electron beam, and UV light have their limitations. For
example, gamma radiation is very penetrative, and has
its inherent danger and liability problems. Electron
beam in the MeV region is ideal with its penetrative
and fast curing ability but, industrially it suffers from
enormous start up costs. UV Light has poor penetration
ability and can not be used for thick industrial samples
[11,12].

In polymer processing, since the mechanism of
microwave heating is independent of thermal conduc-
tivity, it avoids heat transfer rate problem encountered
in conventional thermal heating. In addition, the
microwave heating process can be switched at high rate
in response to a control signal. Therefore, processing
can be controlled more accurately than in conventional
methods. Several articles have recently appeared in the
literature on the microwave processing and diagnosis
of epoxy/amine resins as well as nylon 6, 6 [13,14].

Poly(amide-imide)s (PAIs) have received much
attention due to their favorable balance between
processability and performance [15,16]. The PAIs have
excellent thermal, physical and mechanical properties.
On the other hand, there has been an increasing interest
in thermoplastic elastomers, which are generally block
copolymers consisting of soft and hard blocks. Some of
the block copolymers composed of polyethers and
polyamides have already been commercialized as ther-
moplastic elastomers [17]. Moreover segmented PU
elastomers are a class of high performance materials
for coatings, adhesives, elastomers, fibers, and foams.

Unfortunately, the conventional PUs exhibit poor
thermal stability which limits their applications. For
example, the acceptable mechanical properties disap-
pear above 80-90oC [18] and thermal degradation takes
place at processing temperature above 200oC.
Although, working temperature can be above 120oC.

Recently, more attention has been paid to the
improvement of thermal stability of PUs by different
methods. One of the methods is the chemical modifica-
tion by heterocyclic groups. Polyimides are an impor-
tant class of heterocyclic polymers with remarkable
heat resistance and superior mechanical, electrical, and
durable properties. It is expected that if PAIs chains are
introduced into a PU backbone, they may alter the

properties of the PU. Thus, various attempts have been
made to incorporate polyimide units into PUs [19-23]. 

Synthesis of optically active polymers is an impor-
tant field in macromolecular science as they find a wide
variety of potential applications based on the chiral
structure. An important field of application is chiral
recognition. This ability of chiral polymers has been
utilized in various forms of catalytic and separation
chemistry [24].

Optically active polyamides are promising materi-
als where chiroptical effects can be combined with
good mechanical and thermal properties [25]. On the
other hand, incorporation of α-amino acid moieties
along the polyamide chain could be an effective strate-
gy for enhancing the biodegradability. For example, L-
phenyalanine, either by itself or together with L-valine,
was used to generate amide bonds that are cleavable by
chymotrypsin [26].

Recently, we have synthesized optically active
polymers by different methods, i.e., the reaction of
optically active monomers with other monomers via
solution polymerization or under microwave irradiation
[27-31].

In connection with our interest in preparing ther-
mally stable optically active polymers, this work deals
with a detailed study on the synthesis and characteriza-
tion of a series of novel optically active polyurethanes.
This modification was performed through the reaction
of the new imide containing bis(p-amido benzoic acid)-
N-trimellitylimido-L-leucin (BPABTL) with 4,4’-meth-
ylene-bis-(4-phenylisocyanate) (MDI).

EXPERIMENTAL

Materials
MDI (6) (Aldrich) was used without further purifica-
tion. PEGs (Merck) 400, 600, 1000 and 2000 were
dried under vacuum at 80oC for 6 h. N,N-dimethylac-
etamide (DMAc) (Merck), Dimethyl sulfoxide
(DMSO) (Merck), N,N-dimethyl formamide (DMF)
(Riedel-deHaen), N-methyl pyrrolidone (NMP)
(Merck), pyridine (Py) and triethylamine (TEA)
(Merck) were distilled under reduced pressure over
BaO (Riedel-deHaen). Trimellitic anhydride (TMA)
(Merck) (1) was recrystallized in a mixture of acetic
acid-acetic anhydrid and dried under vacuum at 60oC
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for 6 h. BPABTL (5) was prepared according to the
reported procedure by the reaction of N-trimellitylimi-
do-L-leucine diacid chloride (4) with p-amino benzoic
acid (Riedel-deHaen) (Scheme 1) [32]. The yield of the
diacid was 98%, mp> 275oC (decomposed) and [α]25

D:
+17.6 [0.0520 g in 10 mL of DMF]. Diacid chloride (4)
was prepared by the reaction of N-trimellitylimido-L-
leucine (3) with SOCl2 (Riedel-deHaen) and was
recrystallized in n-hexane (Merck).

Instruments and Measurements
The microwave apparatus used for the polycondensa-
tion was a Samsung (South Korea) microwave oven
(2450MHz, 900W), and all of the polymerization reac-
tions were carried out in a hood with strong ventilation. 

Proton nuclear magnetic resonance 1H NMR (400
MHz) spectra were recorded on an INOVA-400 in
DMSO-d6. Multipilicities of proton resonance were
designated as singlet (s), doublet (d), doublet of doublet
(dd) and multiplet (m).

FTIR Spectra were recorded on a Jasco FTIR spec-
trophotometer. Spectra of solids were carried out using
KBr pellets. Vibrational transition frequencies are
reported in wave number (cm-1). Band intensities are
assigned as weak (w), medium (m), shoulder (sh),
strong (s) and broad (br). Inherent viscosities were
measured by a standard procedure using a Cannon-
Fensk routine viscometer (Germany).

Specific rotations were measured by a Perkin
Elmer-241 Polarimeter (Germany). Thermal gravimet-

ric analysis (TGA) data for polymers were taken on a
Stanton-650 TGA under air atmosphere. The first run
of differential scanning calorimetery (DSC) data were
recorded on a DSC-PL-1200 instrument under N2
atmosphere by the Iran Polymer and Petrochemical
Institute (IPPI). Elemental analyses were performed by
Central Laboratory of Malek Ashtar University, Tehran,
I.R. Iran.

Polymer Synthesis

Synthesis of PAIUs Copolymers

The PAIUs were prepared by the following general pro-
cedure (with P-400-1 as an example): Into a porcelain
dish were placed BPABTL (0.0616 g, 1.13 × 10-4 mol),
PEG-400 (0.0454 g 1.13 × 10-4 mol), and MDI
(0.0568 g, 2.26 × 10-4 mol) and then 0.38 mL of NMP
was added. The mixture was completely grinded for 3
min at room temperature. The reaction mixture was
irradiated in the microwave oven for 4 min at 100% of
its power. The resulting product was isolated by the
addition of 20 mL of distilled water and trituration. It
was then filtered and dried at 80oC for 8 h in vacuo.
This yielded 0.1007 g (65%) of yellow P-400-1. The
above polymerization was repeated, but the reaction
mixture was irradiated in the presence of dibutyltin dil-
urate (DBTDL), TEA, or Py as a catalyst, respectively.

FTIR peaks (KBr) (cm-1): 3297 (m, br), 3050 (m,
br), 2864 (m), 1850 (w), 1800 (w), 1719 (s), 1599 (m),
1531 (s), 1412 (m), 1400 (w), 1300 (w), 1350 (w), 1230
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Scheme I. Preparation of monomer BPABTL (5) and copolymerization reaction of two mole excess of MDI (6) with diacid (5) and

PEG polyol by one-step method.



(m), 1180 (w), 1100 (m), 1066 (m), 980 (w), 880 (w),
790 (w), 750 (w), 710 (w), 650 (w), 600 (w), 500 (w).

1H NMR (DMSO-d6) ppm: 0.92-0.97 [dd, 6H, CH3
(1,1’), J = 6.4 Hz], 1.51-1.64 [m, CH (2)], 2.01-2.28 [m,
CH2 (3,3’)], 3.65 (s, CH2 (4)], 3.81 [s, br, CH2 (5)],
4.19 [s, br, CH2 (6)], 5.00-5.04 [m, CH (7)], 6.48-8.57
(19H, aromatic), 10.11-10.90 (4H, NHs).

The above polymerization was performed by PEG-
400 under different reaction conditions such as irradia-
tion power, irradiation time, catalysts, solvent, and the
amount if solvent. The optimized reaction conditions
were repeated for the synthesis of other copolymers
with different molecular weight of PEG soft segments
(Tables 1-5).

RESULTS AND DISCUSSION

The PAIU multiblock copolymers based PEG polyether
polyol were prepared according to Scheme I by one-
step method. Thus, a solution of PEG as soft segment
and a diacid chain extender containing imide ring were
reacted with two moles excess of MDI in NMP without
catalyst or in the presence of different catalysts. It was
resulted in PAIUs whose polyamide-imide blocks are
connected with urethane linkages (Polymers 1-55,
Tables 1-5).

Some physical properties of the synthesized P-400
copolymers under different reaction conditions and
their effect on viscosities and yields of the concerned
polymers are shown in Tables 1-4. Three series of block
copolymers; P-600 (Table 5, Entry 44-47), P-1000
(Table 5, Entry 48-51) and P-2000 (Table 5, Entry 52-
55) were prepared to investigate the effect of the PEG
block length on the physical properties of PAIUs and
reliability of microwave irradiation for synthesizing
PAIUs with different soft segment lengths.

Polymer Synthesis

Effect of Polymerization Condition on the Viscosity and Yield

of the PAIUs

The optimization of polymerization reactions was car-
ried out by PEG-400 under different reaction condi-
tions. In each case, other undefined parameters were set
according to our previous work on preparation of non-
segmented PAIs by diisocyanate route [33].

In order to select a suitable solvent for the ploymer-
izaton reaction, the reaction was performed in NMP,
DMAc, DMSO, DMF or o-cresol at 100% of irradia-
tion power and 4 min irradiation time in the absence of
any catalyst (Table 1). The result obtained in o-cresol
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Table 1. Selection of solvent in one-step method in the

absence of any catalyst at 100% of power and 4 min irradia-

tion timea.

(a) 0.0654 g of PEG-400, 0.0888 g of diacid (5), 0.0818 g of MDI in each case

was used. (b) Poly(amide-imide-urethane) based on PEG-400, the first sample

and etc. (c) Measured at a concentration of 0.5 g/dL in 2% (w/w) LiCl/DMF as

solvent. (d) Measured at a concentration of 0.5 (g/dL) in DMF as solvent. (e) Was

not measured because the condition was not concerned according to the

results.

Polymer Solvent Nonsolvent
Yield

(%)

η
inh

(dL/g)c
[α]

25
D

P-400-1b

P-400-2

P-400-3

P-400-4

P-400-5

NMP

DMAc

DMSO

DMF

o-Cresol

H2O

“

“

“

“

65

65

66

66

70

0.32

0.25

0.22

0.26

0.09d

-2.09

-e

-e

-e

-e

Table 2. Optimization of solvent amount in one-step method

in the absence of any catalyst in NMP as a solvent at 100%

of irradiation power and 4 min irradiation timea.

(a) 0.0654 g of PEG-400, 0.0888 g of diacid (5), 0.0818 g of MDI in each case

was used. (b) Poly(amide-imide-urethane) based on PEG-400, the 6th sam-

ple prepared and etc. (c) Became dried and unreacted material was left. (d)

Became dried and turned to brown. (e) Measured at a concentration of

0.5 (g/dL) in 2% (w/w) LiCl/DMF as solvent. (f) Was not measured because the

condition was not concerned according to the results.

Polymer
Solvent

amount (mL)
Nonsolvent

Yield

(%)

η
inh

(dL/g)e
[α]

25
D

P-400-6b

P-400-7

P-400-8

P-400-9

P-400-10

P-400-11

P-400-12

0.15

0.25

0.35

0.40

0.45

0.50

0.55

H2O

“

“

“

“

“

“

-c

-d

64

65

62

60

60

-c

-d

0.29

0.32

0.32

0.20

0.18

-f

-f

-f

-2.09

-2.21

-f

-f



was unsatisfactory; this could be explained in terms of
low solubility of the reaction mixture in this solvent.
The values of viscosities and yields of the PAIUs in
DMAc, DMSO, and DMF are rather low and compara-
ble. Better results were obtained in the case of NMP
because of high solubility of reaction mixture during
the reaction period and also furnishing higher viscosity.
The best ratio of solvent to solid of about 2-2.5/1 (v/w)
which was obtained according the studies pertaining in
Table 2. 

The effect of irradiation time on viscosities and
yields of polymers in the absence of catalyst and in
NMP at 100% of irradiation power was studied
(Table 3). It is clear from these data that, gradual
increase in the irradiation time from 1 to 5 min caused
an increase in the viscosities and yields of the resulting
PAIUs. But irradiation, more than 5 min imposed a
reverse effect on viscosity. In order to find the best irra-
diation power and time and trace the response of poly-
merization reaction to irradiation powers lower than
100%, the same investigations were performed at 70%
and 50% of irradiation power, respectively (Table 3). It
is clear from Figure 1, that the shorter reaction time and
reasonable viscosity are gained when 100% of irradia-
tion power has been used. 

The MW assisted preparations of PAIUs based on
PEG-400 (Table 4) were carried out in the presence of
catalysts such as, TEA, Py, and DBTDL, respectively.
It is clear from these data that in the cases of Py, TEA,
and no catalyst conditions the yields and inherent vis-
cosities are relatively close, but the DBTDL results are
better.
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Table 3. Optimization of irradiation time in one-step method

in the absence of any catalyst at 100% , 70% and 50% of

power in NMP as a solventa.

Polymer
Non-

solvent

Time

(min)

Irradiation

power (%)

Yield

(%)

η
inh

(dL/g)e
[α]

25
D

P-400-13b

P-400-14

P-400-15

P-400-16

P-400-17

P-400-18

P-400-19

P-400-20

P-400-21

P-400-22

P-400-23

P-400-24

P-400-25

P-400-26

P-400-27

P-400-28

P-400-29

P-400-30

P-400-31

P-400-32

P-400-33

P-400-34

P-400-35

P-400-36

P-400-37

P-400-38

P-400-39

H2O

“

“

“

“

“

“

“

“

“

“

“

“

“

“

“

“

“

“

“

“

“

“

“

“

“

“

1

2

3

4

5

6

7

4

5

6

7

8

9

10

11

12

13

4

6

7

8

9

10

11

12

13

14

100

100

100

100

100

100

100

70

70

70

70

70

70

70

70

70

70

50

50

50

50

50

50

50

50

50

50

-c

55

60

65

70

76

75

56

55

60

65

79

78

78

80

75

73.19

56

58

62

64

70

73

76

79

75

74

-c

0.11

0.24

0.32

0.34

0.33

0.28

0.20

0.28

0.30

0.36

0.39

0.40

0.32

0.32

0.31

0.33

0.09

0.12

0.17

0.19

0.20

0.23

0.26

0.29

0.31

0.33

-d

-d

-d

-2.09

-2.00

-1.21

-d

-d

-d

-d

-1.18

-1.78

-1.80

-d

-d

-d

-d-d

-d

-d

-d

-d

-d

-d

-d

-0.19

-0.65

-0.72

Table 4. The effect of catalysts on the polymerization of

MDI+diacid (5) with PEG-400 at 100% of power and 5 min

irradiation time in NMP as a solvent.

(a) Poly(amide-imide-urethane) based on PEG-400, the 40th sample prepared

and etc. (b) triethylamine. (c) pyridine.  (d) dibutyltin dilurate. (e) Measured at a

concentration of 0.5 (g/dL) in 2% (w/w) LiCl/DMF as solvent.

Polymer Nonsolvent Catalyst.
Yield

(%)

η
inh

(dL/g)e
[α]

25
D

P-400-40a

P-400-41

P-400-42

P-400-43

H2O

“

“

“

No

TEAb

Pyc

DBTDLd

70

81

77

93

0.34

0.38

0.55

0.63

-2.00

-0.18

-0.28

+0.36

(a) 0.0454 g of PEG-400, 0.0616 g of diacid (5), 0.0568 g of

MDI in each case was used in the presence of 0.4 ml of NMP.
(b) Poly(amide-imide-urethane) based on PEG-400, the 13th

sample prepared and etc. (c) Became gamy in nonsolvent. (d)

Was not measured because the condition was not concerned

according to the results. (e) Measured at a concentration of

0.5 (g/dL) in 2% (w/w) LiCl/DMF as solvent.
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Effect of Soft Segment Length on the Viscosities of Copoly-

mers

In order to examine the effect of soft segment length on
the viscosity and other physical properties of PAIU
copolymers, three series of block copolymers; P-600,
P-1000 and P-2000 were prepared (Table 5). The opti-
mized conditions obtained for the PAIUs based on
PEG-400, were used to investigate the polymerization
behaviour of other PEG molecular weights under MW
conditions. In addition, because different PEGs in our
pervious work under conventional heating method [34]

had shown different response to reaction catalysts thus,
these studies were performed in the presence of differ-
ent catalysts.

It was found that, while for PEG-400 no catalyst
condition showed comparable results with catalytic
conditions, in the case of other PEGs, polymer chain
growth showed decreasing by increment of the PEG
molecular weight. This could be due to low mobility of
polyols from 400 to 2000 under fast MW promoted
reactions. In the case of PEG-600, TEA, Py, and
DBTDL showed comparable results. PEG-1000,
showed opposite manner concerned with viscosities
and yields of the resulting PAIUs (Table 5, Entry 48-
51) for TEA, Py, and DBTDL, respectively. Although,
Py and DBTDL had a great effect on the viscosities of
PEG-2000 copolymers, but yields of the resulting
PAIUs are lower than that of TEA (Table 5, Entry 52-
55). Now, it is clear that the best catalyst for the copoly-
merization of different molecular weights of PEGs in
NMP as a solvent, at 100% of irradiation power, and 4-
5 min irradiation time is DBTDL for PEG-400 and 600,
TEA for PEG-1000 and Py for PEG-2000 (Figure 2). 

Table 5. The effect of catalysts on the polymerization of MDI (6) + diacid (5) with PEG-400

at 100% of irradiation power and 5 min irradiation time in NMP as a solvent.

(a) Poly(amide-imide-urethane) based on PEG-600, the 44th  sample prepared and etc. (b) triethylamine. (c) pyridine.

(d) dibutyltin dilurate. (e) Measured at a concentration of 0.5 (g/dL) in 2% (w/w) LiCl/DMF as solvent. (f) Poly(amide-

imide-urethane) based on PEG-1000, the 48th sample prepared and etc. (g) Poly(amide-imide-urethane) based on

PEG-2000, the 52th sample prepared and etc.

Polymer PEG Nonsolvent Catalyst
Yield

(%)
η

inh (dL/g)e [α]
25
D

P-600-44a

P-600-45

P-600-46

P-600-47

P-1000-48f

P-1000-49

P-1000-50

P-1000-51

P-2000-52g

P-2000-53

P-2000-54

P-2000-55

600

600

600

600

1000

1000

1000

1000

2000

2000

2000

2000

H2O

“

“

“

“

“

“

“

“

“

“

“

No

TEAb

Pyc

DBTDLd

No

TEAb

Pyc

DBTDLd

No

TEAb

Pyc

DBTDLd

81

83

63

75

No product

63

81

98

No product

86

40

41

0.17

0.36

0.24

0.39

-

0.43

0.29

0.25

-

0.24

0.38

0.36

+1.43

+1.33

+1.31

+1.12

-

-1.31

-0.138

+1.40

-

-0.40

+0.17

+0.37

Figure 1. Comparison between changes in viscosity accord-

ing to changes in irradiation time at 100%, 70%, and 50% of

irradiation power.



More studies showed that when the copolymeriza-
tion of higher molecular weight of PEGs were per-
formed at lower irradiation power and extended irradi-
ation time better results were obtained. Table 6 shows
these results for 70% of irradiation power in the pres-
ence of the best catalysts at optimized irradiation time
for each PEG, respectively.

Thermal Properties
Thermal properties of PAIUs were evaluated with TGA
and DSC (Table 7). TGA Results for all samples are
shown in Figure 3. TGA curves for P-400-43, P-600-
45, P-1000-49, and P-2000-54 show smooth stepwise
manner, suggesting a one-step thermal degradation of
P-400-43 and P-600-45 and a two-step thermal degra-
dation of P-1000-49 and P-2000-54. In the case of P-

400-43, P-600-45, and P-1000-49 the values of T5 and
T10 are close to each other (Table 7 and Figure 3). It
can be inferred that TGA curves associated with lower
molecular weight of PEGs show greater slop than high-
er molecular weight of PEGs. It denots that the stability
of PAIUs decreas by decreasing PEGs length (Figure 3).

Relaying on data obtained from Table 7 it could be
seen that char yields have been decreased by increasing
PEG length. It can be suggested that when the ratio of
PEG length to the copolymer chain decrease due to
increased participation of more thermally stable hard
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Figure 2. Simultaneous comparison between changes in vis-

cosity and yield of PAIUs based on different molecular weight

of PEG soft segments according to changes in the catalysts

at 100% of irradation power.

Table 6. The effect of changes in the irradiation power from

100 to 70% on the polymerization of MDI (6) + diacid (5) with

different PEGs in NMP as a solvent and optimized irradiation

time.

(a) Dibutyltin dilurate. (b) triethylamine. (c) pyridine. (d) Measured at a concentration

of 0.5 (g/dL) in 2% (w/w) LiCl/DMF as solvent.

Polymer
Non-

solvent
Cat.

Yield

(%)

η
inh

(dL/g)e
[α]

25
D

Irradiation

time (min)

P-600

P-1000

P-2000

H2O

“

“

DBTDLa

TEAb

Pyc

80

69

62

0.57

0.59

0.48

+1.45

+1.39

+1.41

9

13

13

Table 7. Data for thermal properties of some PAIUs.

Polymer
DSC TGA

Char yield (%)e
Tgs Tgh T5

a T10
a

P-400-43

P-600-45

P-1000-49

P-2000-54

33f

60f

90f

-

160

152

140

-

315

315b

333

350

347

340d

363

392

34

25

28

40

(a) Temperature at which 5% weight loss was recorded by TGA at heating rate

of 20oC/min in air; (b) Temperature at which 5% weight loss was recorded by

TGA at heating rate of 10oC/min in air; (c) Temperature at which 10% weight

loss was recorded by TGA at heating rate of 20oC/min in air; (d) Temperature at

which 10% weight loss was recorded by TGA at heating rate of 10oC/min in air;

(e) Percentage of weight residue at 600 (oC) in air; (f) Center of the peak record-

ed by DSC at heating rate of 20 (oC/min) in N2; (g) Center of the peak record-

ed by DSC at heating rate of 10 (oC/min) in N2. 

Figure 3. TGA thermograms of (1) P-400-43, (3) P-1000-49

and (4) P-2000-54 under air atmosphere at heating rate of

20oC/min and (2) P-600-45 under air atmosphere at heating

rate of 10oC/min.
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segment, the final degradation of PAIUs is increased.
This explanation suggests a lower char yield for PEG-
2000. The reason for increasing char yield for PEG-
2000 can be related to the lower participation of PEG-
2000 in the reaction course, lower yields and remaining
of some unreacted polyether polyol in the filtered
residue detected by FTIR. This observation claims
more participation of amide linkages, resulting from
the reaction of MDI diisocyanate with diacid chain
extender compared with urethane and ether linkages. 

Typical DSC diagrams for P-400-43, P-600-45 and
P-1000-49 have been shown in Figure 4. The experi-
mental Tg values for PEGs range from -63.0-55.9oC.
DSC Trace of P-400-43 (Figure 4a) shows no transition
associated with softening or melting, although a soft
segment glass transition temperature (Tgs) was
observed around 33oC. Also it shows a smooth base
line change around 160oC, which is assigned to hard
segment glass transition temperature (Tgh). DSC Data
for P-600-45 and P-1000-49 (Table 7) also show two
transitions around 60oC and 152oC (Figure 4b) and
90oC and 140oC (Figure 4c), respectively. These behav-
iours, including increase of Tgs and decrease of Tgh in
addition to fading of Tgh suggest phase mixing of hard
and soft micro domains in the copolymers. 

In comparison with TGA results of typical PUs,
these kinds of PAIUs show higher T5, T10 and char
residue due to the presence of imide group in the poly-
mer chains. Also it was observed that PAIUs prepared
by MW method showed higher T5 and T10 than those
synthesized by solution polymerization under conven-
tional heating methods (Figure 5). Comparing ∆Tg =
(Tgh-Tgs) of PAIUs prepared under MW and conven-
tional methods, there has been more phase mixing for
PAIUs under MW condition [34,35].

Structural Characterization 

Spectroscopy

The resulting PAIUs were characterized by FTIR and
1H NMR. The 1H NMR spectrum of P-600-45 showed
peaks that confirms its chemical structure (Figure 6). It
shows peaks for CH3 (1,1’) which appeared as distort-
ed doublets according to their coupling with H(2) with
J = 6.4 Hz, in the region of 0.92-0.97 ppm. Peaks in the
region of 1.51-1.64 and 2.01-2.28 ppm (Figure 6b) are
related to H(2) and the diastereotopic hydrogens of
CH2 (3,3’) which appeared as mutiplet, respectively.
Peaks in the regions of 3.65, 3.81 and 4.19 ppm (Figure
6c) are pertain to CH2s (4), (5), and (6), respectively.
Peak in the region of 5.00-5.04 ppm (Figure 6c) is
assigned for CH (7). The aromatic protons appeared in
the region of 6.48-8.57 ppm (Figure 6a) those peaks in
the region of 8.05-8.57 ppm are related to TMA ring
protons. The peaks in the region of 10.11-10.90 ppm
(Figure 6 d) are assigned to NH of amide and urethane
groups.

The FTIR spectra of PAIUs showed characteristic
peaks related to PAIUs. For example, the FTIR spec-
trum of P-2000-54 (Figure 7) showed the characteristic
absorption of amide, imide and urethane groups around
3297, 1722, 1719, 1599, and 1531 cm-1, peculiar to
NH, C=O, and C-N vibrations of amide, (I, II), imide,
and urethane groups, respectively. Peaks at 1412, 1300,
750, and 710 cm-1 show the presence of imide hetero-
cyclic ring in the polymer structure.

Figure 4. DSC curves of (a) P-400-43, (b) P-600-45 and (c)

P-1000-49 under N2 atmosphere at heating rate of 20oC/min.

Figure 5 Comparison of TGA data T5, T10 (oC) of PAIUs pre-

pared by different methods (solution polymerization under

classical heating and microwave irradiation) vs. PEG molec-

ular weight.



Elemental Analysis
The elemental analysis data are also in good agreement
with calculated percentages of carbon, hydrogen and
nitrogen contents in the polymer repeating units (Table 8).

Solubility Properties
The solubility properties of PAIUs were studied in differ-
ent solvents (Table 9). The polymers are soluble in amide-
type solvents such as NMP, DMF, DMAc and to some
extent in DMSO. They are insoluble in solvents such as
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Figure 6. (a) 1H NMR (400 MHz) spectrum of P-600-45 in DMSO-d6 at RT. (b) Expanded region for the aliphatic protons # (H:1-

3) (δ = 0.92-2.35 ppm). (c) Expanded region for the aliphatic protons # (H:4-7) (δ = 3.65-5.04 ppm) (d) Expanded region for NH

protons (δ = 10.11-10.90 ppm).

Table 8. Elemental analyses data of P-400-41a.

Formula C (%) H (%) N (%)

C60.43H69.87N5O16.72

1133.778 (g/mol)

Calculated

Found

64.02

64.39

6.22

6.33

6.18

6.83
(a) The polymer sample was dried in vacuo at 90 (oC) for 10 h.

Table 9. Solubility properties of PAIUs.

Solvents P-400-43 P-600-45 P-1000-49 P-2000-54

DMAc

DMF

DMF (LiCl)

NMP

DMSO

MeOH

EtOH

CHCl3

CH2Cl2

H2O

+

++

+++

+++

±

-

-

-

-

-

-

+

++

+++

+++

±

-

-

-

-

-

-

+

++

+++

+++

±

-

-

-

-

-

-

+

++

+++

+++

±

-

-

-

-

-

-

(+); Soluble at boiling temperature of solvent, (++); Soluble at

boiling water temperature, (+++); Soluble at room tempera-

ture, (-); insoluble, (±); partially soluble.
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water, methanol, chloroform, and dichloromethane.

CONCLUSION

For the first time, four different series of new optically
active thermoplastic PAIUs with modified thermal sta-
bility were successfully synthesized by microwave pro-
moted reactions of different PEGs, MDI and a diacid
chain extender (5). The synthetic procedure referred to
as one-step method, is effective for the facile synthesis
of multiblock copolymers. Systematic study of PAIUs
obtained under different reaction conditions demon-
strates a drastic effect of reaction condition on the effi-
ciency of polymer chain growth. The data obtained
from this study suggest that microwave irradiation can
be used effectively and easily for preparation of these
kinds of PAIUs. Thermal studies based on TGA and
DSC techniques indicate that these modified PUs are
relatively more stable than typical ones and suggest
there is more phase mixing.   
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