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1. Introduction 

Polyurethanes are block copolymers composed of alternating short hard segments 
and long flexible soft segments that are thermodynamically incompatible at the 
temperature of use [1,2]. Phase separation of segmented polyurethanes (SPU) with a 
limited hard segment content results in hard segment rich domains dispersed in a 
continuous matrix of the soft segments [3]. The hard domains act as physical crosslink 
providing the polymer with mechanical strength while the soft matrix contributes to 
the elastomeric properties [4,5]. The main factors influencing the hard domain cohesion 
and the resulting phase separation include hydrogen bonding and crystallization [4]. 

Several strategies have been proposed to further improve the surface properties 
for polyurethanes [5]. In this respect, polyethylene oxide rich surfaces that non 
selectively repel proteins and cells have been prepared and evaluated [6,7]. In the 
present work, a novel PEG-containing chain extender was synthesized and the 
potential use of this chain extender for the synthesis of segmented polyurethanes was 
investigated. Thus, a series of amphiphilic copolymers with PEG side chains of 
different MW were prepared. This article described the synthesis and chemical 
characterization of both the novel chain extender and the resultant grafted 
polyurethanes. 

2. Experimental 

2.1. Materials 

All solvents were used as received, except for pyridine (dried on CaH2) and 
dichloromethane (dried on P2O5). Poly(THF-CD), a special  polyether polycarbonate diol 
with MW 2000 and based on Poly(THF) was obtained from BASF. The α-hydroxy-ω-
methoxypolyethylene glycols (MPEG) were obtained from Jansen (MW350), Acros 
(MW550, 750, 1000) and Polymer Laboratories (MW 1900) respectively. Both 
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Poly(THF-CD) and the MPEG’s were dried at 60oC for 6 hours under reduced pressure 
immediately before use. Hexamethylene diisocyanate (HMDI), butane diol (BD), 
dibutyltin diacetate (DBTDAc), diethanol amine (DEA) and tosylchloride (TsCl) were 
used as received. 

2.2. Characterization methods 

1H-NMR spectroscopy 

All 1H-NMR spectroscopy analyses were recorded in deuterated chloroform on a 
Brucker 360 MHz instrument. The chemical shift was expressed in ppm relative to 
tetramthyl silane as internal standard. 

GPC analysis 

GPC analyses were performed on 1% (w/v) solution in NMP. The styragel column 
(Polymer Laboratories, 104-105 Ao) was operated at 45oC and a flow rate of 1 ml/min. A 
refractometer was used for detection and the data analysis was done with a Waters 
Data Module M730. The relative molecular weights and the polydispersity of the 
samples were calculated using a narrow molecular weight polystyrene standard 
calibration curve. 

FT-IR spectroscopy 

FT-IR spectroscopy was performed on thin films cast from a 1% (w/v) solution in 
chloroform directly onto KBr coins. The spectra were recorded on a Perkin-Elmer 1600 
spectrometer and were the average of 16 scans at a resolution of 4 cm-1. 

3. Results and discussion 

3.1. Synthesis of PEG-containing chain extender Ax 

Starting materials used include α-hydroxy-ω-methoxypolyethylene glycols (MPEG) 
of molecular weights 350, 550, 750, 1000 and 1900.  

The diol-terminated PEG macromer Ax is easily prepared via a two step reaction 
procedure (Fig.1). To a solution of MPEG in 25 ml of dichloromethane, 12 ml of dried 
pyridine and 0.08 mmoles tosylchloride were added in a period of 20 minutes. The 
mixture was reacted overnight at 4oC and subsequently cooled to 0oC. Then, 20 ml of 
concentrated HCl, 50 grams of ice and 20 ml dichloromethane were added. The organic 
phse was isolated and washed successively with a 3 M HCL solution, a saturated NaCl 
solution and a 5% NaHCO3. After drying on MgSO4 the solution was concentrated 
under reduced pressure and precipitated in hexane. The resulting α-hydroxy-ω-tosyl-
polyethylene oxide (MPEG-Ts) was isolated by filtration and dried under reduced 
pressure at room temperature. 
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Fig.1. Synthesis of the PEG-containing chain extender Ax 

 

Two mmoles of MPEG-Ts and a large excess of DEA were reacted in bulk for 4 
hours at 90oC. After the addition of 10 ml of distilled water, the reaction mixture was 
cooled to room temperature and the formed ammonium salt was converted to its free 
amine form with 10 ml of 0.5 M NaOH solution. After the extraction of the mixture 
with dichloromethane, the collected organic phases were dried on MgSO4 and 
concentrated under reduced pressure. Further purification of the chain extender was 
varied with the MW of the MPEG chain. Chain extender A1900, A1000 (solid) and 
A750, A550 were purified by precipitation in a large excess diethylether at room 
temperature and 0oC respectively. Chain extender A350 (liquid) was extracted with 0.5 
M NaOH solution. All structures were verified using 1H-NMR spectroscopy. Peaks 
positions 2.68 and 2.73 ppm correspond to the α-N and β-O methylene protons of the 
PEG and non-PEG part of the chain extender respectively. The integrations for both 
peaks relate to each other as 1:2 indicating complete coversion. 

3.2. Synthesis of the amphiphilic PEG-containing grafted polyurethanes 

The segmented polyurethanes were prepared by a standard two-step solution 
polymerization in DMF (Fig.2). The catalyst used was dibutyltin diacetate (1%) and the 
total concentration of the reaction mixture was approximately 15% (w/v). The two 
reaction steps were carried out under a N2 atmosphere at 90oC and with stirring, for 1 
and 3 hours respectively. In the first step, the macrodiol (PTHF-CD, MW 2000) was 
reacted with the diisocyanate (HMDI) in a 1:2 molar ratio. The prepolymer thus 
obtained was subsequently reacted with the PEG-containing chain extender in 
equivalent amounts. The resulting polymer was isolated by precipitation in diethyl 
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ether or distilled water and dried under reduced pressure. Purification from low 
molecular weight products and catalyst was performed by dissolving the polymer in 
chloroform and precipitation in hexane. 
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Fig.2. Synthesis of amphiphilic PEG-containing grafted polyurethanes 

3.3. IR- spectra 

Figure 3 shows the IR spectrum of a polyurethane (PU) obtained. The typical 
functional groups of the PU are shown clearly in the spectrum. For example, NH-
groups absorb at 1522.6 cm-1, 3377.9 cm-1 and 3330.7 cm-1. The bands at 3377.9 cm-1 
and 3330.7 cm-1 correspond to the non-bonded and bonded NH-groups respectively. The 
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peaks at 1713.6 cm-1 and 1719.7 cm-1 belong to the non-bonded and bonded carbonyl 
groups respectively. The ether groups appear at 1040.4 cm-1. Very strong peak at 
1257.3 cm-1 corresponds to the C-O- group adjacent to carbonyl group. Partially bonded 
NH- and -C=O groups in PU possibly make it partially phase separated [8]. 

                  
 

Fig.3. IR spectrum of a polyurethane 

  

3.4. 1H-NMR spectra and GPC analysis 

The typical 1H-NMR spectrum of a PU are shown in figure 4. In the spectrum 
NH-group (1) appears at about 8 ppm. The CH2-group (2) adjacent to ether group 
appears at about 4.2 ppm. The other CH2- group (3) gives strong peak at 1.8 ppm. It is 
seen that the obtained PU are very well characterized. 

Table 1 summarizes the hard segment contents and molecular weights  of the 
different amphiphilic polyurethanes. Codes for samples are as follows. e.g. PU-HT-
A550, where H, T and 550 represent HMDI, PTHF-CD and a chain extender with a 
PEG MW of 550 respectively. The reference polymer PU-HT-BD was synthesized with 
butanediol as chain extender and as such it does not contain a PEG side chain. A model 
compound PU-HT was also included. This was prepared by reacting HMDI and PTHF-
CD in equivalent amounts under the same conditions as for the preparation of the 
polyurethanes. The weight percentage of hard segments (wt% HS) was calculated by 
combining the weight of the diisocyanate and BD or the non-PEG part of the PEG-
containing chain extender Ax. 
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Table 1. GPC analysis and 1H-NMR spectroscopy of the PEG containing  

grafted polyurethanes and a model compound 

Polymer Chain 
extender 

Wt% HS Mn (GPC 
method) 

d 

PU-HT-BD BD 18.3 75,300 1.4 

PU-HT-A350 A350 12.6 69,000 1.8 

PU-HT-A550 A550 14.3 51,200 1.7 

PU-HT-A750 A750 13.2 26,200 1.8 

PU-HT-A1000 A1000 12.7 36,500 1.5 

PU-HT-A1900 A1900 10.0 47,400 1.4 

PU-HT - 7.9 67,200 1.5 

As can be seen from the GPC data, all polymers have sufficiently high molecular 
weight and narrow polydispersity to provide polymer films with good elastomeric 
properties. 
                 

    
Fig. 4.  1H-NMR spectra of polyurethane 

Conclusion 

In this article, the synthesis and characterization of a new, PEG-containing chain 
extender Ax are described. A series of amphiphilic PEG-grafted polyurethanes with 
different PEG chain length was subsequently prepared and well characterized by IR 
and 1H-NMR spectroscopy. All polymers containing this new chain extender had high 
molecular weights and narrow polydispersity to provide polymer films with good 
elastomeric properties. 
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POLYURETAN AMPHIPHILIC VíI HîP CHÊT NèI DµI M¹CH 
CHøA POLYETYLEN GLYCOL 

 

PHÇN I: TæNG HîP Vµ §ÆC TR¦NG TÝNH CHÊT 

Ph¹m Ngäc L©n(1), L−u V¨n B«i(2) 

 (1)Trung t©m Nghiªn cøu VËt liÖu Polyme, Tr−êng §¹i häc B¸ch khoa Hµ Néi 

(2)Khoa Hãa häc, Tr−êng §¹i häc Khoa häc Tù nhiªn, §HQGHN 

 

Bµi b¸o tr×nh bµy vÒ nghiªn cøu tæng hîp vµ ®Æc tr−ng tÝnh chÊt cña mét lo¹i 
chÊt nèi dµi m¹ch míi Ax. ChÊt nèi dµi m¹ch lo¹i míi nµy ®−îc dïng ®Ó tæng hîp mét 
sè polyuretan ghÐp PEG cã ®é dµi m¹ch PEG thay ®æi (tõ 350 ®Õn 1900 Da). §· sö 
dông macrodiol PTHF-CD lµ mét polyete diol ®Æc biÖt víi ®é ph©n cùc t¨ng dÇn do cã 
mÆt mét l−îng nhá nhãm cacbonat ®Ó tæng hîp c¸c polyuretan. TÊt c¶ s¶n phÈm 
polyuretan thu ®−îc cã khèi l−îng ph©n tö kh¸ cao vµ ®é ®a ph©n t¸n t−¬ng ®èi thÊp. 
CÊu tróc polyme ®−îc x¸c ®Þnh b»ng ph−¬ng ph¸p phæ hång ngo¹i vµ céng h−ëng tõ h¹t 
nh©n proton. 

Tõ khãa: Polyuretan ghÐp PEG, chÊt nèi dµi m¹ch, khèi l−îng ph©n tö, ®é ®a 

ph©n t¸n. 
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