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Abstract In this study, an optically active diamine,

N,N0-(pyromellitoyl)-bis{N-[4(4-aminophenoxy)phenyl]-2-

(4-methyl)pentanamide} (1) containing amino acid L-leucine

was prepared in three steps. The step-growth polymeriza-

tion of this chiral diamine with several diisocyanates in

room temperature ionic liquid (IL), 1,3-dipropylimidazo-

lium bromide as an environmentally friendly solvent and in

a volatile organic solvent, is investigated. The polymeri-

zation yields and inherent viscosities of the resulting

poly(amide-ether-imide-urea)s are compared in both sol-

vents. The results show that the IL to be the superior

polymerization media. All of the obtained polymers

exhibited good solubility in some polar aprotic organic

solvents such as N,N-dimethyacetamide, N,N-dimethyfor-

mamide, dimethyl sulfoxide while thermal stability was not

disturbed based on thermogravimetric analysis and differ-

ential scanning calorimetry experiments. X-ray diffraction

analysis of polymers shows that they are amorphous. The

observation of optical rotation confirms the optical activity

of prepared polymers.
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Introduction

The synthesis of artificial chiral polymers and oligomers has

recently been attracting considerable attention due to their

various advanced functions. The application of optically

active polymers in chiral recognition, liquid crystals,

asymmetric catalysis, and linear optical devices has made

them one of the most motivating material categories (Zhai

et al. 2005; Zhong et al. 2005; Gasparrini et al. 2005; Lee

et al. 2003; Lindholm and Forstedt 2005; Ikeuchi et al. 2009).

Furthermore, the chemistry of polyureas (PU)s may poten-

tially be in the interesting correlation with optical activity,

since they are known as excellent candidates for the micro-

encapsulation purposes (Ley et al. 2003) and their chiral

structure may lead to the asymmetric recognition behavior.

PUs are commercialized since 1989 and may simply be

prepared via the polymerization of diamines with diisocy-

anates (Li and Chen 2008; Jewrajka et al. 2009; Tamami

et al. 2005). The adoptable mechanical properties of PUs

caused by the tailoring of hard and/or soft moieties in the

structures, in conjunction with excellent hydrolysis resis-

tances, make them appropriate for plenty of various

applications such as coating, roofs, bridges, etc. (Roland

and Casalini 2007; Roland et al. 2007; Sarva et al. 2007; Ni

et al. 2000; Du et al. 2001). In addition, the application of

PUs as piezoelectric and ferroelectric polymers, second-

order optical nonlinear polymers, biodegradable polymers,

and polymer microcapsules has already been reported (Du

et al. 2001; Sakai et al. 2008; Hong and Park 2000; Tao

et al. 1995). On the other hand, chiral PUs an advanced

category of macromolecules are useful precursors for

preparation of polymeric chiral stationary phases in HPLC

techniques (Huang et al. 2007).

However, the use of PUs is associated with some serious

drawbacks as a consequence of their limited solubility and
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high glass transition or softening temperatures which have

been attributed to the high polarity of urea functions and

the construction of strong interchain hydrogen bond lattice

(Sarva et al. 2007; Huang et al. 2007; Kurita et al. 1994;

Sendijarevic et al. 2004; Yang et al. 1998). Generally, it

has been accepted that the utilization of aromatic low

molecular weight diamines make the resulting PUs highly

stiff and poorly soluble in organic solvents, while the

existence of further fractions with superior flexibilities,

such as ether functionalities and aliphatic moieties cause

major improvements in both rigidity and solubility

behaviors (Sakai et al. 2008; Yang et al. 1998; Luo et al.

1996). Although the aforementioned soft functional groups

may diminish the thermal resistance of PUs, it can be

restored by the incorporation of further intrinsic thermo-

resistance functions, such as amide or imide groups in the

polymer backbone.

Many chemical processes involve volatile organic sol-

vents (VOS)s that evaporate into the atmosphere with

detrimental effects on human health and the environment.

Obviously, considerable efforts have focused on the

reduction and often elimination of VOSs as major envi-

ronmental pollutants (Long and Hunt 1998). Ionic liquids

(IL)s exhibit great promise as solvents for polymerization

of a wide range of monomers. Their low volatility, high

thermal and chemical stability, and potential to be recycled

make ILs attractive as an environmentally friendly alter-

native to organic solvents (e.g., N,N-dimethylformamide,

N,N-dimethylacetamide, N-methyl-2-pyrrolidone, toluene,

xylene, dichloromethane) utilized in many industrial

polymerization processes (Johnston-Hall et al. 2009;

Andrzejewska et al. 2009; Kubisa 2009; Mallakpour and

Kolahdoozan 2008).

Following the extensive investigation of the synthesis

and characterization of the new optically active macro-

molecules (Mallakpour and Seyedjamali 2008; Mallakpour

and Rafiee 2008, 2009; Mallakpour and Zadehnazari 2010;

Mallakpour and Khani 2010; Mallakpour and Shamoa-

hammadi 2004), in this article, we wish to report the syn-

thesis and characterization of a series of optically active,

poly(amide-ether-imide-urea)s, (PAEIU)s, with modified

solubility and thermal properties via the IL-mediated

polymerization of high molecular weight chiral diamine

containing natural amino acid, L-leucine moieties in the

polymer backbone with several diisocyanates.

Experimental

Materials

All chemicals were purchased from Fluka Chemical Co.

(Buchs, Switzerland), Aldrich Chemical Co. (Milwaukee,

WI, USA), Riedel–deHaen AG (Seelze, Germany) and

Merck Chemical Co. Pyromellitic dianhydride (benzene-

1,2,4,5-teracarboxilic dianhydride) was recrystallized from

acetic anhydride and then dried in a vacuum oven at 125�C

overnight. N,N-Dimethylacetamide (DMAc) was dried

over barium oxide, followed by fractional distillation. 4,40-
Oxydianiline (ODA) was purified by sublimation and then

dried in a vacuum oven at 125�C overnight. 2,4-Tolylene

diisocyanate (TDI) (a) (Merck), hexamethylene diisocya-

nate (HDI) (b) (Merck), 4,40-methylene-bis-(4-phenyliso-

cyanate) (MDI) (Aldrich) (c) and isophorone diisocyanate

(IPDI) (d) (Fluka) were employed as received. IL, 1,3-

dipropylimidazolium bromide ([1,3-(pr)2im]Br) was pre-

pared according to the literature procedure (Lindholm and

Forstedt 2005).

Instruments

Proton nuclear magnetic resonance (1H-NMR, 500 MHz

and 13C-NMR, 125 MHz) spectra were recorded in

DMSO-d6 solution using a Bruker (Germany) Avance

500 instrument. Proton resonances are designated as

singlet (s), doublet (d), and multiplet (m). FT-IR spectra

were recorded on 400D IR spectrophotometer (Japan).

The spectra of solids were obtained using KBr pellets.

The vibrational transition frequencies are reported in

wavenumbers (cm-1). Band intensities are assigned as

weak (w), medium (m), strong (s) and broad (br).

Inherent viscosities were measured using a Cannon–

Fenske Routine Viscometer (Germany) at concentration

of 0.5 g dL-1 at 25�C. Specific rotations were measured

by a Jasco Polarimeter (Japan). Quantitative solubility

was determined using 0.05 g of the polymer in 0.5 mL

of solvent. Thermogravimetric analysis (TGA) data for

polymers were taken on Perkin Elmer in nitrogen

atmosphere at a heating rate of 20�C min-1 by the Ira-

nian Polymer and Petrochemical Institute of Iran (IPPI).

Differential scanning calorimetry (DSC) data were

recorded on a DSC-PL-1200 instrument at a heating rate

of 20�C min-1 in nitrogen atmosphere by IPPI. Glass-

transition temperatures (Tg) were read at the middle of

the transition in the heat capacity taken from the heating

DSC traces. The X-ray diffraction (XRD) patterns were

recorded by employing a Philips X’PERT MPD diffrac-

tometer (Cu Ka radiation: k = 0.154056 nm at 40 kV

and 30 mA) over the 2h range of 20–80� at a scan rate

of 0.05� min-1.

Monomer synthesis

N,N0-(Pyromellitoyl)-bis{N-[4(4-aminophenoxy)phenyl]-2-

(4-methyl)pentanamide} (1) was synthesized according to

previous work (Mallakpour and Seyedjamali 2010).
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Polymerization of diamine 1 with MDI in IL

A 25 mL three neck round bottomed flask was charged

with 0.300 g (3.71 9 10-4 mol) of diamine 1 and 0.15 g of

[1,3-(pr)2im]Br, the nitrogen atmosphere was equipped,

0.093 g (3.71 9 10-4 mol) of MDI was added and the

temperature was slowly raised up to 80�C. The mixture was

stirred mechanically for 2 h. After that time, the viscose

solution was poured into the 30 mL of methanol, polymer

precipitated rapidly as a white solid, filtered-off to yield

0.373 g (95%) of PAIEU3c.

PAIEU3c: Off-white solid; FT-IR (KBr): 3,477 (m),

3,374 (s), 2,967 (m), 2,933 (m), 2,875 (w), 1,774 (m),

1,723 (s), 1,626 (m), 1,593 (s), 1,525 (m), 1,503 (m), 1,383

(m), 1,349 (m), 1,312 (m), 1,148 (s), 1,105 (s), 1,075 (m)

553 (m) cm-1. 1H NMR (500 MHz, DMSO-d6): d 0.87–

0.88 (d, 3H, CH3, J = 6.7 Hz), 0.89–0.90 (d, 3H, CH3,

J = 6.7 Hz), 1.52 (m, 1H, CH), 1.87–1.92 (m, 1H, CH2),

2.16–2.21 (m, 1H, CH2), 3.81 (s, 1H, CH2), 4.85–4.88 (dd,

1H, CH chiral, J1 = 11.1, J2 = 3.91), 6.72 (d, 1H, Ar–H,

J = 4.8), 6.84 (d, 1H, Ar–H, J = 4.6), 6.91–6.93 (d, 2H,

Ar–H, J = 8.3), 7.10–7.12 (d, 2H, Ar–H, J = 7.7), 7.35–

7.36 (d, 2H, Ar–H, J = 7.67), 7.42–7.43 (d, 2H, Ar–H,

J = 8.52), 8.33 (s, 1H, Ar–H), 8.50–8.54 (d, 1H, Ar–H,

J = 4.6) 8.50–8.53 (s, broad, 2H, NH), 8.78–8.83 (s, broad,

2H, NH), 8.90 (s, 2H, NH) ppm. Elemental analysis cal-

culated for C61H54N8O10 (1,059.13 g mol-1): C, 69.18%;

H, 5.14%; N, 10.58%. Found: C, 68.61%; H, 5.92%; N,

10.74%.

The other PAEIUs derived from different diisocyanates

such as TDI, HDI and IPDI were prepared in this IL

according to the procedure described above.

PAEIU3a: off-white solid; FT-IR (KBr): 3,275 (br),

2,800–3,000 (br), 1,773 (w), 1,695 (m), 1,600 (m), 1,537

(s), 1,448 (m), 1,223 (m) cm-1.

PAEIU3b: off-white solid; FT-IR (KBr): 3,353 (br),

2,932 (m), 2,856 (m), 1,791 (m), 1,745 (s), 1,613 (m), 1,524

(s), 1,421 (m), 1,357 (m), 1,253 (m), 1,187 (m) cm-1.

PAEIU3d: off-white solid; FT-IR (KBr): 3,364 (br),

2,954 (s), 2,925 (s), 2,900 (m), 1,775 (m), 1,736 (m), 1,639

(s), 1,558 (s), 1,462 (m), 1,239 (m), 747 (m) cm-1. 1H

NMR (500 MHz, DMSO-d6): d 0.86–0.93 (m, 18H, CH3),

1.05 (s, 3H, CH3), 1.49–1.52 (m, 2H, CH), 1.87–1.94 (m,

4H, CH2), 2.15–2.21 (m, 4H, CH2), 2.70 (s, 2H, CH2),

3.29–3.32 (t, 2H, CH2, J = 7.08), 3.78–3.81 (m, 1H, CH)

4.85–4.88 (dd, 2H, CH chiral, J1 = 11.30, J2 = 4.41),

6.56–6.58 (d, 2H, Ar–H, J = 7.668), 6.70–6.72 (d, 4H, Ar–

H, J = 6.77), 6.75–6.78 (d, 4H, Ar–H, J = 6.80), 7.27–

7.31 (d, 4H, Ar–H, J = 6.77) 7.33–7.36 (d, 4H, Ar–H,

J = 6.97), 8.32 (s, 2H, NH), 8.43 (s, 2H, NH), 8.54 (s, 2H,

NH) ppm. Elemental analysis calculated for C58H62N8O10

(1,031.16 g mol-1): C, 67.56%; H, 6.06%; N, 10.87%.

Found: C, 66.80%; H, 5.25%; N, 10.67%.

Polymerization of diamine 1 with MDI in organic

solvent media

PAIEU3a–PAIEU3c were synthesized according to pre-

vious work (Mallakpour and Seyedjamali 2010).

Results and discussion

Monomer synthesis

Optically active diamine 1 was prepared according to the

synthesis sequence illustrated in Scheme 1. Dehydration of

pyromellitic dianhydride and excess L-leucine in acetic

acid reflux led to the preparation of corresponding imide

acid. In continuation, imide acid was converted to its acid

chloride derivative using thionyl chloride and then was

dissolved in dry THF and added very slowly to the slightly

excess amount of ODA to avoid polymerization as an

unwanted side reaction. Resulting chiral diamine was

characterized by means of FT-IR, 1H-NMR, 13C-NMR and

elemental analysis techniques.

Polymer synthesis in IL media

Equal molar ratios of diamine 1 and different diisocyanates

(2a–2d) were polymerized in IL medium as an advanced

alternate for VOS (Scheme 1). The reaction time and

temperature were optimized separately and the optimum

conditions were preferred by means of the superior reaction

yields and the viscosity of resulted macromolecules.

The use of [1,3-(pr)2im]Br as the best IL was base on

the optimization data in our previous work (Mallakpour

and Kolahdoozan 2008). Synthesis and some physical

properties of obtained polymers are collected in Table 1.

FT-IR spectrum of PAEIU3c and 1H-NMR spectrum of

PAEIU3d as typical examples are illustrated in Figs. 1

and 2.

According to the optical activity of synthesized PAE-

IUs, they may be potentially suitable materials for column

packing in HPLC techniques as chiral stationary phases.

The magnitude and the sign of specific rotation of PAEIUs

were not predictable since optical rotation is extremely

reliant on the chemical structure and a tiny variance in the

configuration as well as molecular weight of polymers has

significant random consequence on the optical rotation.

Polymer synthesis in organic solvent media

In order to make a reasonable comparison, the polycon-

densation reactions were compared with those progressed

in organic solvent which have been reported recently

(Mallakpour and Seyedjamali 2010). According to the
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referenced publication, the yields and inherent viscosities

of resulting macromolecules ranged between 85–91% and

0.37–0.46 dL g-1, respectively.

Induction of chirality into the polymer backbone was

proved by the specific rotation measurement. A comparison

between the data presented in Table 1 and previously

reported data, confirms that polycondensation of chiral

diamine 1 with various diisocyanates proceeds more

effectively in IL media, because of not only the higher

reaction yields and the viscosity of resulted polymers but

also due to the cleaner reaction conditions and concurrent

green chemistry issues. Morphology of the resulting mac-

romolecules via both methods has been evaluated by means

of XRD technique and confirmed to have amorphous

structures.

Solubility behaviors

Solubility of PAEIU3s was examined in common organic

solvents quantitatively and it was confirmed that all of

them are soluble in solvents such as DMF, NMP, DMAc,

or dimethyl sulfoxide at room temperature, and found

insoluble in acetone, cyclohexane, chloroform, and meth-

anol. The isobutyl side group in the structure of monomer

may be the cause of observed good solubility as they can

depress the strong H-bond interaction, which is the com-

mon origin of limited PUs solubility. On the other hand, the

incorporation of ether moieties along the polymer chains
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Scheme 1 Polymerization reactions of monomer 1 with several aromatic and aliphatic diisocyanates in IL or organic solvent

Table 1 Synthesis and some physical properties of polymers pre-

pared in IL

Entry Polymer Diisocyanate Yield

(%)

ginh

(dL g-1)a ½a� 25; a
Na; 589

1 PAEIU3a TDI 94 0.53 -28.4

2 PAEIU3b HDI 92 0.49 -23.2

3 PAEIU3c MDI 95 0.55 -39.5

4 PAEIU3d IPDI 91 0.44 -29.1

a Measured at a concentration of 0.5 g dL-1 in DMF at 25�C

Fig. 1 FT-IR spectrum of PAEIU3c as a typical example

Fig. 2 1H-NMR spectrum of PAEIU3d
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increases the flexibility of polymer backbone and facilitates

their solubility as well as processability.

Thermal properties

Generally, the solubility enhancement agents are associated

with reduction of the thermal stability of final products as

an unwanted side effect. In the present study, this problem

has been removed due to the existence of additional imide

and amide functional groups which are known by their

hardness and tolerance toward thermal shocks. It may be

concluded that elastic soft divisions have regulated the

rigidity of each amide, imide and urea functional groups,

thus improving the solubility behaviors, and conversely

such hard groups have improved the thermal stability of

polymers.

The TGA and DSC thermograms of PAEIU3c and

PAEIU3d as two examples of aromatic and aliphatic

enriched polymers were examined at a heating rate of

20�C min-1 under a nitrogen atmosphere. For PAEIU3c,

the 10% weight loss temperature was 325�C and about

37% of weight remained at 600�C (Char Yield). These

quantities for PAEIU3d, were 175�C and 5%, respectively,

which shows considerable differences in thermal behaviors

between polymers based on aromatic and aliphatic diiso-

cyanate. Examined polymers showed glass transition tem-

peratures (Tg)s to be about 183�C for PAEIU3c and about

154�C for PAEIU3d based on DSC thermograms.

Conclusions

The synthesis and characterization of a chiral diamine

containing naturally occurring amino acid (L-leucine) has

been reported. The polymerization of this chiral diamine

with several aromatic and aliphatic diisocyanates was

performed via an IL-mediated polycondensation as a green

process and the results have been compared with organic

solvent analogous. Accordingly, the IL showed to be a

superior polymerization media with higher reaction yields,

elevated inherent viscosity of obtained polymer and the

adjustment with environmental and biological concerns.

The obtained PAEIUs have shown interesting character-

istics such as optical activity, organosolubility and thermal

stability, especially in the case of aromatic issues.

The existence of both soft and hard fractions together,

increased the flexibility of polymer chain enough to be

soluble in polar organic solvents while thermal resistance

was not disturbed. Alternatively, the isobutyl side groups

(in the structure of L-leucine) increased the free inter-chain

volumes and the diffusion of solvent between the polymer

chains as well as induction of asymmetric nature. The high

molecular weight of prepared diamine monomer is

contrasted to the fact that: low molecular weight aromatic

diamine monomers provide rigid PUs (Long and Hunt

1998). The application of synthesized polymers of micro-

encapsulation purposes may be the subject of further

investigations.

Acknowledgments Research Affairs Division, Isfahan University

of Technology (IUT), Center of Excellency in Sensors and Green

Chemistry Research IUT and National Elite Foundation (NEF) are

gratefully acknowledged for financial support. Special thanks to Mrs.

Carolyn S. Coolidge for her excellent proofreading of this manuscript.

References

Andrzejewska E, Podgorska-Golubska M, Stepniak I, Andrzejewski

M (2009) Photoinitiated polymerization in ionic liquids: kinetics

and viscosity effects. Polymer 50:2040–2047

Du Z, Qiu T, Zhou Q, Wang X, Liu D (2001) Synthesis and

characterization of a novel kind of thermotropic liquid crystal-

line poly(urea-ester)s based on bis(40-hydroxyphenyl)-tolyene-2,

4-diurea. J Appl Polym Sci 82:577–583

Gasparrini F, Misiti D, Rompietti R, Villani C (2005) New hybrid

polymeric liquid chromatography chiral stationary phase

prepared by surface-initiated polymerization. J Chromatogr A

1064:25–38

Hong K, Park S (2000) Preparation of polyurea microcapsules

containing ovalbumin. Mater Chem Phys 64:20–24

Huang SH, Bai ZW, Li SR, Pan ZQ (2007) Synthesis of polymer-type

chiral stationary phases and their enantioseparation evaluation by

high-performance liquid chromatography. Chirality 19:129–140

Ikeuchi Y, Nakagawa M, Yoshikawa M, Yoshida H, Sakurai S (2009)

Chiral polyamides consisting of N-a-benzoyl-L-glutamic acid as

a diacid component. J Polym Sci Part A Polym Chem 47:2530–

2538

Jewrajka SK, Yilgor E, Yilgor I, Kennedy JP (2009) Polyisobutylene-

based segmented polyureas. I. Synthesis of hydrolytically and

oxidatively stable polyureas. J Polym Sci Part A Polym Chem

47:38–48

Johnston-Hall G, Harjani JR, Scammells PJ, Monteiro MJ (2009)

RAFT-mediated polymerization of styrene in readily biodegrad-

able ionic liquids. Macromolecules 42:1604–1609

Kubisa P (2009) Ionic liquids as solvents for polymerization

processes—progress and challenges. Prog Polym Sci 34:1333–

1347

Kurita K, Masuda M, Aibe S, Kurakami K, Ishii S, Nishimura SI

(1994) Synthetic carbohydrate polymers containing trehalose

residues in the main chain: preparation and characteristic

properties. Macromolecules 27:7544–7549

Lee KP, Choi SH, Kim SY, Kim TH, Ryoo JJ, Ohta K, Jin JY,

Takeuchi T, Fujimoto C (2003) Comparison of monomeric and

polymeric chiral stationary phases. J Chromatogr A 987:111–118

Ley SV, Ramarao C, Lee AL, Ostergaard N, Smith SC, Shirley IM

(2003) Microencapsulation of osmium tetroxide in polyurea. Org

Lett 5:185–187

Li X, Chen D (2008) Synthesis and characterization of aromatic/

aliphatic co-polyureas. J Appl Polym Sci 109:897–902

Lindholm J, Forstedt T (2005) Investigation of the adsorption

behaviour of a chiral model compound on a tartardiamide-based

network-polymeric chiral stationary phase. J Chromatogr A

1095:50–59

Long TE, Hunt MO (1998) Solvent-free polymerization and pro-

cesses: recent trend in the minimization of conventional organic

solvents. ACS Symposium. doi:10.1021/bk-0713.ch001

Synthesis of soluble poly(amide-ether-imide-urea)s bearing amino acid 491

123

http://dx.doi.org/10.1021/bk-0713.ch001


Luo N, Wang DN, Ying SK (1996) Study on sequence distribution of

segmented poly(urethane urea)s by 13C-NMR spectroscopy:

effect of polymerization procedures. J Polym Sci Part A Polym

Chem 34:2157–2161

Mallakpour S, Khani M (2010) Construction of chiral polyesters from

polycondensation of multifunctional monomer containing both

flexible amino acid and rigid pendant groups with aromatic diols.

Amino Acids. doi:10.1007/s00726-010-0539-x

Mallakpour S, Kolahdoozan M (2008) Microwave-accelerated prep-

aration of aromatic polyamides containing phthalimide and

S-valine pendant groups in ionic liquids. Iran Polym J 17:531–539

Mallakpour S, Rafiee Z (2008) Application of microwave-assisted

reactions in step-growth polymerization: a review. Iran Polym J

17:907–935

Mallakpour S, Rafiee Z (2009) Microwave-induced synthesis of new

optically active and soluble polyamides containing pendent 4-(2-

phthalimidiylpropanoylamino)-benzoylamino-groups. Amino

Acids 37:665–672

Mallakpour S, Seyedjamali H (2008) Synthesis and characterization

of novel organosoluble and optically active aromatic polyesters

containing L-methionine and phthalimide pendent groups. Amino

Acids 34:531–538

Mallakpour S, Seyedjamali (2010) Design and synthesis of novel

organosoluble chiral poly(amide-ether-imide-urea) containing

L-leucine moieties in the main chain. Colloid Polym Sci. doi:

10.1007/s00396-010-2202-1

Mallakpour S, Shamoahammadi MH (2004) Microwave-promoted

rapid synthesis of new optically active poly(amide imide)s

derived from N,N0-(pyromellitoyl)-bis-L-isoleucine diacid chlo-

ride and aromatic diamines. J Appl Polym Sci 92:951–959

Mallakpour S, Zadehnazari A (2010) Microwave irradiation as a

versatile tool for increasing reaction rates and yields in synthesis

of optically active polyamides containing flexible L-leucine

amino acid. Amino Acids 38:1369–1376

Ni H, Skaja AD, Soucek MD (2000) Acid-catalyzed moisture-curing

polyurea/polysiloxane ceramer coatings. Prog Org Coat 40:175–

184

Roland CM, Casalini R (2007) Effect of hydrostatic pressure on the

viscoelastic response of polyurea. Polymer 48:5747–5752

Roland CM, Twigg JN, Vu Y, Mott PH (2007) High strain rate

mechanical behavior of polyurea. Polymer 48:574–578

Sakai H, Tanaka K, Fukushima H, Tsuchiya K, Sakai K, Kondo T,

Abe M (2008) Preparation of polyurea capsules using electro-

capillary emulsification. Colloids Surf B Biointerfaces 66:287–

290

Sarva SS, Deschanel S, Bouce MC, Chen W (2007) Stress-strain

behavior of a polyurea and a polyurethane from low to high

strain rates. Polymer 48:2208–2213

Sendijarevic V, Sendijarevic A, Sendijarevic I, Bailey RE, Pemberton

D, Reimann K (2004) Hydrolytic stability of toluene diisocya-

nate and polymeric Methylenediphenyl diisocyanate based

polyureas under environmental conditions. Environ Sci Technol

38:1066–1072

Tamami B, Yeganeh H, Koohmareh GA (2005) Synthesis and

characterization of polyureas derived from 4-aryl-2, 6-bis(4-

aminophenyl) pyridines and diisocyanates. Iran Polym J 14:785–

792

Tao XT, Watanabe T, Zou DC, Shimoda S, Sato H, Miyata S (1995)

Polyurea with large positive birefringence for second harmonic

generation. Macromolecules 28:2637–2643

Yang Y, Zhi Z, Yang X, Lu L, Wang X (1998) Synthesis and

characterization of novel polyurea-imides. Eur Polym J

34:1893–1897

Zhai ZD, Shi YP, Wang T (2005) Development and validation of

HPLC methods for enantioseparation of mirtazapine enantiomers

at analytical and semipreparative scale using polysaccharide

chiral stationary phases. Anal Chim Acta 550:123–129

Zhong Q, Han X, He L, Beesey TE, Trahanovsky WS, Armstrong

DW (2005) Chromatographic evaluation of poly (trans-1, 2-

cyclohexanediyl-bis acrylamide) as a chiral stationary phase for

HPLC. J Chromatogr A 1066:55–70

492 S. Mallakpour

123

http://dx.doi.org/10.1007/s00726-010-0539-x
http://dx.doi.org/10.1007/s00396-010-2202-1

	Synthesis of soluble poly(amide-ether-imide-urea)s bearing amino acid moieties in the main chain under green media (ionic liquid)
	Abstract
	Introduction
	Experimental
	Materials
	Instruments
	Monomer synthesis
	Polymerization of diamine 1 with MDI in IL
	Polymerization of diamine 1 with MDI in organic solvent media

	Results and discussion
	Monomer synthesis
	Polymer synthesis in IL media
	Polymer synthesis in organic solvent media
	Solubility behaviors
	Thermal properties

	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


