
In connection with our interest in preparing thermally stable optically active polymers,
this work deals with a detailed study on the synthesis and characterization of three
series of novel optically active poly(ether-urethane)s (PEU)s based on polytetrahydro-

furan (PTHF), polyoxyethylene (POE) and polypropyleneglycole (PPG). Also the possibil-
ity of their thermal modification by introducing the imide and amide functions in the PEU
backbone through the reaction of a new imide containing diacid, bis(p-amido benzoic
acid)-N-trimellitylimido-L-leucine (BPABTIL) (1) with 4,4í-methylene-bis-(4-phenyliso-
cyanate) (MDI) (2) was explored. The effect of different reaction conditions such as reac-
tion temperature, reaction time, catalysts, reaction solvent, soft segment length and type,
method of preparation and addition of chain extender on the properties of copolymers
including solubility, viscosity and thermal behaviours were investigated. 
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Polyurethanes (PUs) are versatile
polymers and can be easily formed
by a simple polyaddition reaction of
polyol, diisocyanate and a chain
extender. The application of diiso-
cyanates in the field of polymer
chemistry has led to the successful

preparation of many novel polymers
with versatile properties [1]. The tai-
lor made properties of PUs from
super soft flexible foams to tough
elastomers and to long-wearing coat-
ings have resulted in many final
applications [2,3]. The widely

INTRODUCTION

Shadpour Mallakpour* and Fatemeh Rafiemanzelat

Organic Polymer Chemistry Research Laboratory, College of Chemistry
Isfahan University of Technology, Isfahan-84156/83111, I.R. Iran

Received 20 July 2005; accepted 2 November 2005

Iranian Polymer Journal

15 (1), 2006, 79-90

(*) To whom correspondence should be addressed.
E-mail: mallak@cc.iut.ac.ir

Available online at: http://journal.ippi.ac.ir



80

Synthesis and Characterization of Novel Optically ... Mallakpour S. et al.

Iranian Polymer Journal / Volume 15 Number 1 (2006)

known importance of PUs in many industrial fields has
resulted in an increase in many research on this subject
[4-6]. There are extensive studies on the influence of
chemical composition and structure property relation-
ships [7-8]. Also, it has been found that the properties
of the final PUs can be controlled and adjusted to any
specific application by optimizing the reaction condi-
tion, prepolymerization and chain extension steps [9-
11]. Considerable efforts have been devoted to the
understanding of structure-property relationship of PUs
based on diol terminated polyesters, polyethers, poly-
siloxanes, but little work has been made on polyamide
(PA), polyimide (PI), poly(amide-imide) (PAI) or their
oligomers as a constituent segments [12-14]. PIs are an
important class of heterocyclic polymers with remark-
able heat resistance and superior mechanical, electrical
and durable properties [15-16]. In addition, PAIs are
well known as a class of polymers with good compro-
mise between processability and performance [17-19].
It is expected that if PAI chains are introduced into a
PU backbone, they may alter the properties of the PUs
[20]. On the other hand ether linkages inserted in amide
imide chains provide them with significantly lower
energy of internal rotation. In general, such a structural
modification leads to lower glass transition temperature
(Tg) and crystalline melting temperature (Tm) as well
as significant improvement in solubility and other
process characteristics of the polymers [21]. It is well
established that poly(ether-urethane) elastomers are
phase-segregated copolymers, consisting of a hard
phase, rich in urethane groups, as well as an interface
abundant in all the involved functionalities. Recently,
the synthesis of poly(oxyethylene)-polyamide multi-
block copolymers from α,ω-diamine-terminated
polyamides by direct polycondensation using triphenyl
phosphite (TPP) and pyridine (Py) as condensing agent
are reported [22-23]. It is known that polyamides can
be prepared simply from combination of aromatic
diisocyanates and dicarboxylic acids without use of any
condensing agents, which are generally expensive and
difficult to recycle [24-26]. The diisocyanate route has
been applied to the synthesis of poly(oxyethylene)-
polyamide multi-block copolymers starting from POE-
diacids, dicarboxylic acids, and aromatic diisocyanates
but, it still is not a widly used approach to prepare dif-
ferent PUs [27-28].

The synthesis of optically active polymers is a topic
that has been paid more attention. Specially, the synthe-

sis of polymers containing amino acids is a subject of
much interest, since a high degree of amino acid func-
tionality can lead to polymers with increased solubility
and the ability to form secondary structures [29-30].
Possible applications of amino acid-based polymers
include drug delivery agents, chiral recognition station-
ary phases, asymmetric catalysts, metal ion absorbents,
and biomaterials [31-32]. In the recent years, we have
synthesized optically active polymers by different
methods such as the modification of polybutadiene
with an optically active substituted urazole group [33],
Diels-Alder ene reaction [34], and the reaction of an
optically active monomer with several diamines or
diols via solution polymerization. In these polyconden-
sation reactions, we used amino acids as chiral induc-
ing agents [35-36]. 

In this work we wish to report the synthesis and
characterization of a novel class of thermally modified
PEUs incorporating trimellitic anhydride (TMA) and L-
leucine moieties by diisocyanate route. In this investiga-
tion we explored the possibility of introducing the imide
and amide functions in the PU backbone through the
reaction of the preformed imide containing diacid
BPABTIL (1) with MDI (2). In this research we set out
to investigate the effect of different reaction parameters
such as reaction temperature, reaction time, catalysts,
reaction solvent, soft segment type and length, method
of preparation according to prepolymerization and chain
extention steps [polyol (Scheme I) or diacid (Scheme II)
chain extension] as well as sequence of component
addition on controlling the properties of copolymers
including solubility, viscosity and thermal behaviours.

EXPERIMENTAL

Materials
All chemicals were purchased from Fluka Chemical
Co. (Buchs, Switzerland), Aldrich Chemical Co. (Mil-
waukee, WI), Riedel-deHaen AG (Seelze, Germany)
and Merck Chemical Co. 4,4í-Methylene-bis-(4-
phenylisocyanate) MDI (2) (Aldrich) was used without
further purification. Polyoxyethylenes; POE-400, 600,
1000, 2000, 4000, 6000 (Merck), polytetrahydrofuran;
PTHF-1000 (Merck) and polypropyleneglycole; PPG-
1000 (Fluka) were dried under vacuum at 80oC for 8 h.
N,N-Dimethyl formamide (DMF) (Riedel-deHaen AG),
pyridine (Py), triethylamine (TEA) and N-methyl



pyrrolidone (NMP) (Merck) were distilled under
reduced pressure over barium oxide (BaO). Bis(p-
amido benzoic acid)-N-trimellitylimido-L-leucine
BPABTIL (1) was prepared according to the reported
procedure [37] (Scheme I). The yield of the diacid (1)
was 98.0%, m.p.> 275oC (dec) and: [α]25

D +17.6 [0.0520
g in 10 mL of DMF].

Instruments and Measurements
Proton nuclear magnetic resonance 1H NMR (500
MHz) spectra were recorded on a Bruker (Germany)

Advance 500 instrument in DMSO-d6. Multiplicities of
proton resonance were designated as broad (br), singlet
(s), doublet (d), multiplet (m) and doublet of doublet
(dd). FTIR spectra were recorded on a Jasco FTIR
spectrophotometer. Spectra of solids were carried out
using KBr pellets. Vibrational transition frequencies
are reported in wavenumber (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 rota-
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Scheme I. Method 1 : Preparation of a NCO-terminated oligoamide-imide and chain extension by a polyol.

Scheme II. Method 2: Preparation of a NCO-terminated polyol and chain extension by diacid BPABTIL (1).  
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tions were measured by a Jasco Polarimeter. Thermal
Gravimetric Analysis (TGA) data for polymers were
taken on a Perkin Elmer Thermal Gravimetric Analyser
under N2 atmosphere. Differential scanning calorime-

tery (DSC) data were recorded on a DSC-PL-1200
instrument under N2 atmosphere by the Research Insti-
tute of Polymer and Petrochemical of Iran (IPPI). Glass
transition temperatures (Tg) were read at the middle of

Table 1. The effect of changes in catalyst and polyol type with molecular weight (MW) of 1000 on the viscosity of

PEUs; (1:2:1) molar ratio; NMP as a solvent, under different methods. 

(a) Poly(ether-urethane) based POE-1000, the first PEU and etc. (b) Poly(ether-urethane) based PPG-1000, the 2nd PEU and etc.(c) Poly(ether-ure-

thane) based PTHF-1000, the 3rd PEU and etc.(d) Pyridine.(e) Triethylamine.(f) Dibutyltin dilurate.(g) Measured at a concentration of 0.5 g/dL in 2%

W/W LiCl/DMF as solvent.(h) Wide range was used (no filter was used for the Hg lamp), A: 1-2 h RT; 2h 50-60oC; 2h 60-80oC; 4-5h 80oC; 2-3h 80-

120oC; 2h 120oC B: 1h RT; 2h 50-60oC; 2h 60-80oC; 4-5h 80oC; 2h 80-120oC, 1 h 120oC. Method 1 :Chain extension of a NCO-terminated oligoamide-

imide by a polyol (Scheme I). Method 2: Chain extension of a NCO-terminated polyol by diacide BPABTIL (Scheme II]. ηinh: Inherent viscosity. [α]
25

D
: Specific rotation by sodium lamp at 589 nm, measured at 25oC. [α]

25

Hg
: Specific rotation by mercury lamp, measured at 25oC.
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the transition in the heat capacity taken from the heat-
ing DSC traces. A heating rate of 10oC/min was applied
to all samples. 

Polymer Synthesis
Synthesis of Segmented PEU Copolymers
A typical preparation of PEUs according to (diacid:
MDI: polyol) molar ratio of (1:2:1) was as follow: Into
a dried 10 mL round bottom flask BPABTIL (0.0569 g,
1.04×10-4 mol) and MDI (0.0524 g, 2.09×10-4 mol) in

0.23 mL of NMP were disolved and dibutyl tindilurate
(DBTDL) (0.0176 g, 2.79×10-5mol) was added. The
reaction was stirred at room temperature (RT) for 2 h;
between 50-60oC for 2 h; 60-80oC for 2 h; at 80oC for
5 h; 80-120oC for 2 h; and finally at 120oC for 2 h. To
this solution PPG-1000 (0.1046 g, 1.046×10-4 mol) in
0.25 mL of NMP was added at RT. Then, the reaction
was stirred at RT for 1 h; between 50-60oC for 2 h; 60-
80oC for 2 h; at 80oC for 5 h; 80-120oC for 2 h and
finally at 120oC for 1 h. The viscous solution was

Table 2. Some physical properties of PEUs based different MW of POE polyether polyols & reaction

conditions in NMP as a solvent in the presence of different catalysts; (1:2:1) molar ratio;method 1.

(a) Poly(ether-urethane) based POE-400, the 13th PEU and etc (the numbers 400, 600, 2000, 4000 and 6000 represent POE

MW. (b) Pyridine. (c) Triethyl amine. (d) Dibutyltin dilurate. (e) Measured at a concentration of 0.5 g/dL in 2% w/w LiCl/DMF as

solvent. (f) Wide range was used (no filter was used for the Hg lamp), A: 1-2 h RT; 2h 50-60oC; 2h 60-80oC; 4-5h 80oC; 2-3h 80-

120oC; 2h 120oC B: 1h RT; 2h 50-60oC; 2h 60-80oC; 4-5h 80oC; 2h 80-120oC, 1h 120oC. ηinh: Inherent viscosity. [α]
25

D
: Specific

rotation by sodium lamp at 589 nm, measured at 25oC. [α]
25

Hg
: Specific rotation by mercury lamp, measured at 25oC.
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poured into 10 mL of water, to isolate the polymer. The
precipitated polymer was collected by filtration, and
was dried at 80oC for 6 h under vacuum to give 0.19 g
(93 %) of polymer PP-8. All the polymers showed IR
absorption peaks at about 3310, 2920, 1782, 1720,
1600, 1535, 1410, 1240, 1170 and 735 cm-1 correspon-
ding to the urethane N-H, aliphatic C-H, urethane car-
bonyl groups, imide I, II, III, IV vibrations.

The above polymerizations were repeated by
using PTHF-1000, PPG-1000 as well as different POEs
under different reaction conditions such as reaction cat-
alysts, reaction solvent, and method of preparation.

RESULTS AND DISCUSSION

Three different series of PEUs based on three different
polyol soft segments, with the same molecular weigth,
as well as diferent molecular weight of POEs were syn-
thesized. The effect of different reaction conditions
such as reaction catalysts, reaction solvent, method of
preparation and chain extension [Chain extension of a
NCO-terminated oligoamide-imide by a polyol
(Scheme I-Method 1) Vs. Chain extension of a NCO-
terminated polyol by a diacide (Scheme II-Method 2)]
on the physical properties of PEUs was investigated.

Polymer Synthesis 
Investigation of the Effect of Catalysts on the Viscosities of
Copolymers
The effect of catalyst was studied with the molar ratio
of diacid:MDI:polyol of (1:2:1) in the presence of
TEA, Py, DBTDL and without catalyst, respectively.
Then the best catalyst according to the highest viscosi-
ty for each polyol was used to study the effect of
changes in other reaction parameters. Other investiga-
tions were performed in the presence of Py for POE-
1000, PTHF-1000 and PPG-1000 under both methods
(Table 1). It sounds like that the effect of catalyst is
dependent on the polyol molecular weight not polyol
type. It was also found that without catalyst condition
was the best for POE-400 and 600, Py for POE-1000,
2000, 4000 and 6000 under method 1, respectively
(Table 2). The same investigation for method 2 showed
that without catalyst condition was the best for POE-
400, Py for POE-600 and 1000, and finnally DBTDL
and Py were the best catalysts for POE-2000, 4000 and
6000, respectively. It was also observed that polymer

chain growth under method 1 was better than that of
method 2 in the same ratio (V/W) of solvent to solid. 

Investigation of the Effect of Diacid
MDI:Polyol Molar Ratio and Sequence of Addition of
Components on the Properties of Copolymers
The (diacid: MDI: polyol) molar ratios of 1:2:1, 2:3:1
or 3:4:1 were used to change hard to soft segment con-
tent of PEUs. In this way, molar ratios of hard to soft
segment were increased according to 1:1, 2:1, and 3:1
while, hard segment length decreased, respectively.
The ratio of 1:2:1 showed the highest possibility for
polymer chain growth in the case of each polyol (Fig-
ure 1) but, the solubility of resulting polymers in each
case was comparable and depends on the polymeriza-
tion methods. The molar ratios of (1:1)/(1:1) and
(3:3)/(1:1) have total hard to soft segment mole ratios
of (1:1) and (3:1) and (diacid:MDI:polyol) mole ratios
of (1:2:1) and (3:4:1), respectively (Figure 1). The dif-
ference between the symbols of (1:1)/(1:1) and (1:2:1),
is in their hard segment distributions, the ratio of
NCO/OH in each step and the manner of MDI addi-
tions. For more clarification; a ratio of (1:1)/(1:1)
means that a ratio of diacid to MDI of (1:1) was react-
ed in step one, then a mixture of MDI, polyol with
molar ratio of (1:1) was added in the second step. In
this way the total molar ratio of 1:2:1 has been used for
(diacid:MDI:polyol) and NCO/OH was kept 2:1. Also

84

Synthesis and Characterization of Novel Optically ... Mallakpour S. et al.

Iranian Polymer Journal / Volume 15 Number 1 (2006)

Figure 1. Simultaneous comparison of the effect of hard / soft
segment mole ratio on the viscosity of PEUs for all polyols
and sequence of component addition in method 1.
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the symbol (1:2:1) for the addition of each component
in each step means that the diacid and MDI were react-
ed in step 1 by the molar ratio of (1:2), then in the sec-
ond step polyol equimolar to diacid was added. Taking
into account the two methods, it was shown that MDI
to diacid ratios of more than one in step 1, had better
results than MDI to diacid molar ratios of one, in the
same hard to soft segment content (Figure 1). 

Solvent Effect on the Polymer Chain Growth
The effects of solvent amount and polarity on the poly-
mer chain growth were studied for each polyol. First,
different (V/W) ratios of solvent to solid for each poly-
ol were used in NMP and the best ratio of 1.5-2 (V/W)
was obtained (Figure 2). Although it was found that
proceeding bulk pre-polymerization under method 2 in
step 1 upto 60oC, and then adding solvent according to

1.5-2 (V/W) mole ratio causes the increase of the vis-
cosity by a factor of two. The polarity of solvent was
changed by varying concentration of CaCl2 in NMP. It
was found that the polymer chain growth for each poly-
ol under method 1, was increased by the amount of per-
centage by weight of CaCl2 in NMP up to 4% W/W
(Figure 3) and was kept relatively unchanged for high-
er concentration of CaCl2 (Figure 4). Also it was
observed that the addition of CaCl2 has not shown any
significant increase on the viscosity of polymers for
method 2 (Figure 5). This could be due to the difference
in the solubility of reaction mixture in step 1 for each
method. It means that during establishing of NCO-ter-
minated soft segment in the first step of method 2 the
recation mixture is soluble in NMP. 

Figure 2. The effect of the ratio of solvent to total solid [V/W
(mL/g)] of reaction mixture on the viscosity of PEUs based
POE-400 for method 1; The entry PO-40028. 

Figure 3. Comparison of the effect of solvent polarity on the
viscosity of PEUs based different polyols according to the dif-
ferent content of hard / soft segment for method 1. 

Figure 4. Comparison of the effect of solvent polarity on the
viscosity of PEUs based POE-400 for method 1; The entry
PO-40028.

Figure 5. Comparison of the effect of solvent polarity on the
viscosity of PEUs based POE-1000 for method 2; The entry
PO-100013.
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Structural Characterization 
Spectroscopy
The resulting PEUs were characterized by FTIR and
1H NMR spectroscopy (Table 3). The 1H NMR spec-
trum of PP8 showed peaks that confirms its chemical
structure (Figure 6). It showed peaks for CH3 (1,1í)
which appeared as doublet according to their coupling
with H (3), in the region of 0.90-0.95 ppm. Peaks in
the region of 1.91-2.32, 3.36-3.45, 3.47 and 3.48-3.50
ppm are related to H (3), CH2 (4), CH (5), CH2 (6) and
CH2 (7), respectively. Peaks in the regions of 4.71-
5.20 ppm are pertain to CH (8). The aromatic protons

appeared in the region of 7.10-8.53 ppm that peaks in
the region of 8.15-8.53 ppm are related to TMA ring
protons Hs (13-15). The peaks in the region of 10.25-
10.87 ppm are assigned for NH of amide and urethane
groups.

The FTIR spectrum of PEUs showed the character-
istic absorption of amide, imide and urethane groups
around 3404, 3323, 1774, 1721, 1679, 1602, 1538 cm-1,
peculiar to NH, C=O and C-N vibrations of amide (I,
II) imide and urethane groups, respectively. Peaks at
1408, 1315, 756, and 771 cm-1 show the presence of
imide heterocyclic ring in the polymer structure.

Figure 6. 1H NMR (500 MHz) spectrum of PP8 in DMSO-d6
at RT.

Table 3. FTIR Assignment of PEUs based different polyols, as well as 1H NMR characterization of PEU based PPG-1000.

PP8

PT3

PO10

FTIR Peaks (cm-1): 3550 (s, br), 3477 (s, br), 3415 (s, br), 3238 (m), 3129 (w), 2969 (w), 2930 (w), 2871 (w), 1774 (w),

1720 (s), 1683 (s), 1638 (m), 1616 (s), 1602 (s), 1537 (m), 1509 (m), 1408 (m), 1383 (m), 1315 (m), 1258 (w), 1235 (w),

1203 (w), 1176 (w), 1101 (w), 1081 (w), 1016 (w), 940 (w), 858 (w), 771 (w), 756 (w), 728 (w), 710 (w), 693 (w), 619 (w),

548 (w), 481 (w), 405 (w).
1H NMR Peaks δ (ppm) (DMSO-d6): 0.90-0.95 (d, CH3, J = 12 Hz), 1.01-1.04 (d, CH3, J = 6.80 Hz), 1.91-2.31 (m, CH,

CH2, br), 3.36-3.45 (m, CH), 3.47-3.49 (m, CH2), 4.71-5.04 (dd, CH), 7.61-8.51 (Ar-H ), 10.25-10.87 (s, br, NH).

FTIR Peaks (cm-1): 3404 (s, br), 3323 (s, sh), 3270 (s, sh), 3208 (m), 2940 (s), 2856 (s), 2796 (w), 1774 (w), 1721 (s),

1679 (s), 1601 (s), 1539 (s), 1509 (s), 1408 (s), 1383 (s), 1375 (s), 1315 (s), 1256 (m), 1234 (m), 1176 (m), 1112 (s),

1017 (w), 990 (w), 958 (w), 857 (w), 771 (m), 756 (w), 729 (w), 710 (w), 549 (w), 510 (w).

FTIR Peaks (cm-1): 3405 (s, br), 3274 (s, sh), 3208 (s, sh), 3130 (s, sh), 2958 (m), 2926 (m), 2872 (m), 1775 (w), 1720

(s), 1679 (s), 1605 (s), 1529 (s), 1510 (s), 1478 (m), 1409 (s), 1384 (s), 1316 (s), 1258 (s), 1235 (s), 1177 (s), 1105 (m),

1080 (m), 1017 (w), 916 (w), 860 (w), 814 (w), 770 (m), 730 (w), 647 (w), 611 (w), 511 (w).



Thermal Properties 
Thermal properties of PEUs were investigated with
TGA and DSC (Table 4). Copolymers of PT3 and PT24
prepared by methods 1 and 2, respectively, exhibit
more or less different endothermic effects (DSC study)
that are summarized in Table 4, but their TGA data are
relatively similar. The distinct and sharp peak of PT3 at
140oC (Tc) compared to PT24 suggests more crys-
talline structure for hard segments (HS) and relatively
more cohesiveness of HS. This suggests that establish-
ing of HS in the first step and chain extention of the
resulting NCO-terminated oligoamide gives longer HS
and more impact interactions in the HS region. For PO1

and PP2 there were not observed any crystalline melt-
ing peak in the HS region. Also Tgs shifted to relative-
ly higher temperature as a wide base line change (Table
4, Figure 7). It can be suggested that in the case of
PEUs based POE and PPG, HS is more distributed in
the soft segment matrix.

TGA study for PEUs with the same kind of polyol
soft segments (POEs) show differences in T10% and
char yield according to the method of polymerization
(Table 4). Polymers based POEs of MW 600 and 1000
prepared by method 1 showed higher T10% than that of
polymers by method 2, while polymers under method 2
showed higher char yield.

Solubility Properties of PEUs
The solubility behaviour of PEUs was investigated in
polar solvents such as DMF, DMAc, NMP, DMF and
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Table 4. Thermal properties of PEUs based PTHF-1000,

POE-1000 and PPG-1000a as well as different MW of POEs.

(a) Centre of the region was considered for transitions observed by DSC. 1

Glass transition temperature of SS, 2 Melting temperature of crystalline domain

of SS and/ or crystalline microdomain of HS distributed in SS, 3 Glass transi-

tion temperature of HS, 4 Melting temperature of crystalline domain of HS, br

= broad, sh = sharp. 5 Temperature at which 10% weight loss was recorded by

TGA at heating rate of 20oC/min in N2 atmosphere, 6 Percentage of weight

residue at 700oC in N2 atmosphere by TGA. 7 Poly(ether-urethane) based

PTHF-1000, prepared under method 1 (Table 1). 8 Poly(ether-urethane) based

PTHF-1000, prepared under method 2 (Table 1). 9 Poly(ether-urethane) based

POE-1000, prepared under method 1 (Table 1). 10 Poly(ether-urethane) based

PPG-1000, prepared under method 1 (Table 1). 11 Poly(ether-urethane) based

POE-400 as well as different MW of POE, prepared under method 1. 12 Poly(ether-

urethane) based POE-400 as well as different MW of POE, prepared under

method 2.

Polymer
1Tgs

(oC)

2T2

(oC)

3Tgh

(oC)

4Tc

(oC)

5T10%

(oC)

6Char

yield (%)

7PT3
8PT24
9PO1
10PP2
11PO-400-1

PO-600-1

PO-2000-1
12PO-400-2

PO-600-2

PO-1000-2

PO-2000-2

-

-10br

62br

-

15

-

-

-

-

-

-

26.8sh

25br

99sh

26.4sh

-

-

-

-

-

-

107br

-

-

-

100

102

-

-

-

-

-

140sh

108.5

-

-

-

-

-

-

-

-

-

350

330

327

325

290

305

327

312

297

282

330

20

12

33

35

21

21

10

40

43

40

43

Table 5. Solubility properties of PEUsa.

(a) 0.05 g of each polymer in 10 (mL) solvent. ; Soluble at boiling temperature,

++; Soluble at boiling water temperature, +++; Soluble at room temperature, -;

insoluble, ±; partially soluble. 1Poly(ether-urethane) based POE-1000, prepared

by method 1 (Table 1). 2Poly(ether-urethane) based PPG-1000, prepared by

method 1 (Table 1). 3Poly(ether-urethane) based PTHF-1000, prepared by

method 1 (Table 1). 4Poly(ether-urethane) based PTHF-1000 prepared by

method 2 (Table 1). 5Poly(ether-urethane) based POE-400, prepared by

method 1 (Table 2).

Solvents 1PO1 2PP2 3PT3 4PT24 5PO-40025
DMAc

DMAc (1%LiCl)

NMP

NMP (1%LiCl)

DMF

DMF (0.2%LiCl)

DMF (0.5%LiCl)

DMF (1%LiCl)

THF

DMSO

MeOH

EtOH

CHCl3

CH2Cl2

H2O

± 

+ +

± 

+ + +

± 

+ +

+ +

+ + +

-

±

-

-

-

-

-

± 

+ +

± 

+ + +

± 

+ +

+ +

+ + +

-

±

-

-

-

-

-

± 

+ +

±

+++

± 

+ +

+ +

+ + +

-

±

-

-

-

-

-

± 

+ +

+ + +

+ + +

+ +

+ + +

+ + +

+ + +

±

+

-

-

-

-

-

± 

+ +

± 

+ + +

± 

±

+ +

+ + +

-

±

-

-

-

-

-
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NMP containing LiCl. In Table 5, the effect of poly-
merization method can be compared by PT3 and PT24,
the effect of polyol type can be compared along PT3,
PP2 and PO1, and the effect of polyol MW is compara-
ble by the entries PO1 and PO-40025. It can be said
that polymers prepared under method 2 showed better
solubility than those under method 1. It means that they
easily dissolved in solvents without LiCl. Also solubil-
ity was dependent on the viscosity and HS content of
the PEUs and relatively showed slight dependence on
the polyol type and length. 

The Effect of the Introductuion of Diacid BPABTIL in PEUs
Backbone
It was shown that the introduction of diacid BPABTIL
with amino acid moiety in the PEUs backbone resulted
in polymers with optical rotation as well as a higher
degree of crystallinity. For example, wide angle X-ray

diffraction studies for PEUs based PTHF-1000 are pre-
sented in Figure 8. The diffraction patterns for PT3
show peaks at 2φ = 16.4, 21.2 and 24.1o that can be
matched to literature values for MDI, MDI-O(CH2)4-
O-, and PTHF crystallinity. The other peaks (B region)
can be due to BPABTIL and MDI+ BPABTIL seg-
ments. The percentage of crystallinity obtained for PT3
at A and B regions are 5% and 66%, respectively (Fig-
ure 8). Aslo these polymers because of amino acid moi-
ety expected to be biodegradable.

CONCLUSION

Three different series of optically active PEUs with L-
leucine moieties based on three different polyol soft
segments, with the same average molecular weight of
1000  as well as PEUs based on the same type of poly-
ol soft segment, POEs, with different molecular
weights, were successfuly synthesized. Systematic
study of these PEUs obtained under different reaction
conditions demonstrates how the reaction condition,
polyol type and polymerization method, influence the
efficiency of the polymer chain growth, viscosity, solu-
bility, physical and thermal properties of PEUs. These
amide-imide modified PUs based-polyether-MDI, have
T10% above 300oC by TGA as well as good solubility
in polar solvents.

It was shown that polymers prepared by method 1
have relatively higher viscosity and lower solubility
than those prepared by method 2. Increasing polarity of
the reaction solvent can improve polymer chain growth
by method 1. Polymers prepared under method 2
showed higher char yield than those prepared by
method 1.
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Figure 7. DSC curve of PEUs; (A)-PT3 prepared by method 1,
(B)-PT24 prepared by method 2; (C)-PO1 prepared by method
1, (D)-PP2 prepared by method 1.

Figure 8. WAXS study of PT3 prepared by method 1.
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