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I. Introduction

Segmented polvurethanes (SPUs) are multiblock — X — Y—)T1 copolymers which
consist of thermodvnamically incompatible segments. In these copolymers, X and Y
are soft and hard segment sequences respectively. Due to the thermodynamic
differences of the soft and hard segments, they usually segrate to form an agregated
pseudo-two-phase structures |1}, 8PUs have good biocompatibility due to the
morphological  two-phase  structure  and  consequently  have found extensive

biomedical applications [2].

The relationship between the structures and properties of the SPUs has been

extensively investigated [3,4,3].

In this paper we present the study on synthesis and characterization of SPUs
based on macrodiols (polvethvlene and polvtetramethvlene glveols), methylene 1.4-
Ditevelohexyl isocyanate) (MDCDH and 1. 4-butane diol (BD)(chiin extender). The
effects of macrodiols, their molecular ratios on the morphology and properties of the

resulting polvmers were discussed.
2. Experimental

2.1. Materials

Polvethvlene and polvteramethvlene glveols selected for preparation of the
polvurethanes are listed an the table 1 Before use they were carefully dried by
azeotropic distillation of the toluene soluttion and subsequent removal of the
solvent. Figure 4a shows the IR spectrum of polvol PEG-2000.

The hvdroxyl number of polvetherdiols for calculation of molecular weights
was determined by esterification of them with acetic anhyvdride and subsequent
titrimetric analvsis of the carboxvhe acid groups according to the standard
procedure |6]
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Table 1: Polydiols for preparation of SPUs

Polyol Mn @ Mnp ® Tm, "C Tg, °C
PEG-1000 1207 1100 4() -70 (very weak)
| PEG-2000 2341 2070 55 .70 (very weak)
PEG-1000 4280 4109 62
PTMO-2000 2186 1950 25 -30

(a) Determined via GPC
(b): Determined via chemical titration

The molecular weights of the polvdiols were also verified by means of gel
permeation chromatography (PL columns, 103A°, 7Tmm i. d., 60 cm length, Polymer
[.aboratories Ltd, Shropshire, UK. Eluent: chloroform. Differential reflectometric
detection (Model Waters 401, Millipore, MA, USA). Data analysis occurred on a
Waters data module model M730. Calibration was based on a peak position

calibration curve established using polystyrene standards (Millipore, Millford, MA,
USA).

Diisocyanate (MDCI) (Aldrich Bornem, Belgium) was vacuum distilled and
stored under dried conditions in a refrigerator prior to use. The IR spectrum of
MDCI 1s shown in figure 1
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Figure 1: IR spectrum of diisocvanate: MCDI
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1.4 -bhutane diol (Aldrich, Bornem, Belgiamy was dred over caleium hvdride for

2 lavs, distilled and stored under nitrogen,

Dibutyl tin diacetate was obtimed from Aldrich (Bornem. Belgium) and used

without turther purification

Dimethyl formamude (DNEF) (Aldrich Bornem, Belgiam) was dred over

caleium hvdride for 2 davs and then vacuum distlled.
2.2 Characterization methods

IR spectra were recorded  using  a Perkin-Elmer Model 1600

Spectrophotometer

NMR spectra were recorded in DMSO-d, using tetramethyl silane (TMS) as

internal standards, on an Aspect 3000 spectrophotometer.

The molecular wenghts and molecular weight distribution of the polymers
were determined by gel permeation chromatography (Waters associates, model 510)
at 607 C. The tlow rate of the solvent, 1-methvl-2-pyvrrolidinone (NMP), was 1

ml.min ', For calculation. monodispersed polystyrene standards were used.

DSC thermograms were recorded on a Perkin-Elmer DSC under nitrogen
purging theating rate 10°Coin ', from -100°C to 100°CY). The unit was equipped
with a data processing module that allows substraction of the background and

normahization for sample weight.
2.3. Polvmer preparation

Solutions of polvdiol and disocvanate were prepared separately in DMFE.
The concentration was approximately 15% (w/w). A four-necked flask, equipped
with a stirrer, a nitrogen infet and outlet and a thermometer, was charged with the
dusocvanate solution. The polvetherdiol solution, containing 0.5 wt % of catalyst
tdibutyvl tin diacetate) based on the weight of the reactant, was added slowly to the
dusocvanate solution. The molar ratio NCO:OH was set to 2:1. The reaction was
carrted out at 90" C under mitrogen purge and was allowed to proceed until the
theoretical 1socyvanate content was reached as determined by the di-n-butyl amine
titration method |[7]. Then the reaction mixture was cooled down to room
temperature and the chain extender (BD) was added slowly. The overall NCO:OH
;at1io was 1:1. The chain extension reaction was carried out at 90" C and continued
until all NCO groups were reacted, as confirmed by the disappearance of the IR
absorption band at 2262 ¢m ' The reaction mixture was then precipitated 1n water
and the final polvmer was dried under vacuum at 60" C. After dryving 1t was
redissolved 1in THE and reprecipitated in the solvent mixture hexane-ether (1/1).

The copolvmer product was dried under vacuum at 60°C at least for 2 days.
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3. Results and discusion
3.1. Synthesis of segmented polyurethanes

Segmented polyurethanes (SPUs) were synthesized by a two-step
polymerization (Figure 2). Polyol first reacted with two equivalents of the
disocvanate. Subsequent chain extension was obtained by reaction with an
equivalent amount of 1.4-butane diol. The final polymer was purified properly by
precipitation, vacuum dried and then characterized. The molecular weights of the
SPUs determined by GPC method and are listed 1n table 2.

20=C=N—=N=(C=0 + HO——Q0H
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Figure 2: Schematic procedure of segmented polyurethane formation

We can see from the table 2 that all the SPUs have quite high molecular
weights and the molecular weight distribution (d) 1s relatively narrow. The
materials obtained are strong as will be shown in the next publication.

Table 2: Molecular weights of SPUs

Code ._P:)l—y“ol ratio Dunso- Chain M\; ] d ‘
cyanate —__extender |
| PU-1 PEG-1000 + PTMO-2000 (1/1) MCDI BD 60027 | 2.
PU-2 PEG-2000 + l’l‘l\—l-()-?.OOO (1/1) MCI;I— ™ BD T TOSlg T 1.9
PU-3 PEG-4000 + PTMO-2000 (1/1) MCDI BD 61593 1.8
PU-4 PEG-2000 + PTMO0-2000 (2/1) MCDI BD 108533 | 2.1
PU5 | PEG-2000 + PTMO-2000 (1/2) MCDI | BD | eeze2 | 20
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3.2. NMR spectra

The structure of the SPUs obtiimed was confirmed by proton NMR spectra.
Figure 3 shows the NMR spectrum of polyvurethane PU-2. We can see that the
spectrum shows clearly the peak at & = 1.6 ppm corresponding to 3-CH of PTMO

and a peak at 3= 3.1 - 3.7 ppm corresponding to a-CH, of PTMO and PEG

a-CH. 3-CH

Figure 3: TH-NMR spectrum of PU-2 (PEG-2000 + PTMQO-2000 (1/1)),
Solvent: Chlorotorm

3.3. IR analysis

For comparision, figure 4a shows the IR spectrum of polyol PEG-2000. We can
see clearly the characteristic absorption band of the OH-group at 3447.9 ¢m ' which
was almost disappeared in polvurethane formation and the ether group at 1119.5
cm . By polvurethane forming, the NCO group of dnisocvanate disappeared (2262.0
cm-1) (see figure 1), but there appeared two new characteristic groups: the NH-
group at 33231 cm " and C=0 group at 1712.8 ecm'' (Figure 4b).

The polyurethanes are segmented copolymers contaiming flexible polyether
segments and hard segments of 1socvanate moeties. In the hard segments of the
SPUs. hvdrogen bonds occur due to the interaction of hydrogen atoms of NH-groups
with carbonyl groups. In the polyether polyurethane copolymers, the NH groups
form hvdrogen bonds with the C=0 groups of the urethane lhinkages making the
hard segments good packed consequently the copolymer well phase separated. At
the same time the hvdrogen bonds can occur due to the interaction between the NH
groups and the oxvgen atoms of the soft segment ether groups. In this case the
copolvymer becomes kess phase separated. It 1s known from the literature |8, 9] that
the IR absorption of the NH- and C=0 groups (free and honded) in the SPUs occurs

in the following range



26 Pham Ngoc Lan, E. Schacht

; . 1 Wowrf
-NH- (H-bonded) > 3200 - 3350 ¢m
-NH- (H-free) —> 3360 - 3500 cm'!
-C=0 (H-bonded) —p 1700 - 1714 cm’!
-C=0 (H-free) —_— 1715-1740 cm'!

As we can see from the figure 4b that the PU-5 is quite well phase separated.
The same good phase separation can also be seen in the other SPUs investigated in
this work. The question concerning phase separation of the SPUs will be discussed
in more details in the part Il
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Figure 4: IR spectrum of polyol (4a) and polyurethane PU-5 (4b)
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4. Conclusion

In this studv, the svnthesis and characterization of polyethvlene and
polvtetramethylene glveol based SPUs were desceribed. The structure of the SPUs
obtuimed was confirmed hy the NMR and IR spectra. It was shown that the selected
SPUs for this study had quite good phase separation.
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TAP CHI KHOA HOC DHQGHN, KHTN & CN. T XIX, N4, 2003

TONG HOP VA KHAO SAT TINH CHAT CUA CAC POLYURETAN PHAN DOAN
(PU) TREN CO SO POLY I')'I'YI:I-I.‘\*(':LY(‘OL VA POLYTETRAMETYLENGLYCOL
(Phan 1: Tong hdp va khao sat tinh chat)

Pham Ngoc Lan
Trung tam nghién citu polyme, Dai hoe Bach khoa Ha Nai
E. Schacht

Tap dvan nghién cuu vat liéu polyme sinh hoe, Pat hoc Ghent. Bt

Bai bao dé cap vé nghién ciu va khao sat tinh chat cua cac polyuretan phan
doan trén ca sd polyetylenglycol va polytetrametylenglycol. Da su dung phudng
phép pho héng ngoai (IR) va cong hudng tir hat nhan proton (1H.NMR) dé xac dinh
cau true cua cic polyuretan thu duge. Da nghién ciu anh hudng cda cac macrodiol
va 1y 1é mol cia ching 1én hinh thai hoe va tinh chat caa san phdm polyuretan.

Tu khoa: macrodiol. polvuretan phan doan. tach pha.



