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SYNOPSIS

Segmented Polyurethanes were prepared by chain extending the prepolymers based on
poly(tetramethylene oxide)glycol and tolylene diisocyanate using fluorescein. The polymers
were characterized using FTNMR and FTIR. Thermal stability of the polymers was studied
using a thermogravimetric analyzer, and the glass transition temperature of the polymers
was determined using a differential scanning calorimeter. Tensile strength and percentage
of elongation of these segmented polyurethanes were evaluated using a Universal Testing

Machine. © 1996 John Wiley & Sons, Inc.

INTRODUCTION

Polyurethanes are a very important class of block
copolymers with wide ranging applications. The
ability to tailor make these polymers by subtle mod-
ifications has led to voluminous work in this field.
Segmented polyurethanes attracted ample interest
both academically and commercially due to their
superior properties.!* Morphological study, effect
of chain length,>® and phase separation study using
paramagnetic labels of polyurethanes’ and the role
of hydrogen bonding®!° have been studied in great
detail. Fluorescein and their derivatives have been
studied as color formers,!! in clear magnetic imag-
ing,'? in UV photoresist patterning,'® in polygluter-
aldehyde microspheres for immunological cell sep-
aration,!* as aqueous space markers,'® as xanthene
poly dyes,'® as cosmetics,!” for extraction of metal
traces,'® etc. Several patents have appeared in the
above mentioned areas. Morgan’s detailed investi-
gation on the use of phthalein, substituted phthal-
eins, and fluorescein as dihydroxy components for
the preparation of polyesters threw open a new
chapter on the vast field of high performance poly-
mers using these components.'® Introduction of het-
ero aromatic and aromatic moieties in polyurethanes
considerably improves the properties of the polymers.?
Aromatic dihydroxy compounds have been used to
prepare segmented polyurethanes and have a wide ap-
plication area.?"?* In previous work from our labora-
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tory phenolphthalein,? phthalins, and substituted
phthalins®? were used as chain extenders in the
preparation of segmented polyurethanes. The poly-
urethanes synthesized from these rigid diol compo-
nents (used as chain extenders) showed superior ther-
mal and mechanical properties. In this article we pres-
ent the investigations on segmented polyurethanes
that are chain extended using fluorescein.

EXPERIMENTAL

Materials

Poly(tetramethylene oxide)glycol (PTMG, average
molecular weights 1000, 2000, and 2900, Aldrich)
was dried at 105°C in vacuum for 24 h before use.
Tolylene diisocyanate (TDI, mixture of 80% 2,4 and
20% 2,6 isomers, Aldrich) and dibutyltin dilaurate
(Aldrich) were used as received. Fluorescein (Loba
Chemie, India) was recrystallized in acetone-ethanol
(red crystals) and used. The solvent dimethylform-
amide (DMF, S.D. Fine Chem., India) was purified
by standard distillation procedures and stored over
4-A molecular sieves until use.

Synthesis of Chain Extended Polyurethanes

PTMG g (10 g, 0.01 mol) was placed in a three-
necked round bottomed flask and TDI (3.74 g, 0.02
mol) was added dropwise while maintaining the
temperature at 60°C under nitrogen atmosphere.
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The temperature was then increased to 90°C and
the reaction was continued till the NCO content
reached half the value as determined by dibutyl-
amine titration. Then the temperature was reduced
to 60°C and fluorescein (3.32 g, 0.01 mol, in 15 mL
of DMF) was added followed by the catalyst dibu-
tyltin dilaurate (0.01 g). The temperature of the re-
action was then increased to 90°C and allowed to
completed. The polymer was precipitated by pouring
into a 10-fold excess of methanol and dried under
vacuum at 35°C.

By a similar procedure polyurethanes of different
compositions using polyols of different molecular
weights were synthesized. The chemical composition
and codes of the polymers are given in Table I. The
reaction sequence is given in Scheme 1.

RESULTS AND DISCUSSION

Molecular weight distribution of the polymers were
evaluated using a Waters Associates gel permeation
chromatograph with DMF (stabilized with 0.1%
LiBr) as solvent at a flow rate of 1.0 mL/min. The
columns used were micro-styragel of 108, 10°, 10*
and 10 A size, calibrated with polystyrene stan-
dards. The molecular weight of polymers obtained
from GPC are given in Table II. All the polymers
showed appreciable molecular weights. This is con-
sistent. with our earlier work on phthalein and
phthalin moieties?? in which we observed that ar-
omatic diols that were not sterically hindered yielded
polymers with appreciable molecular weights. Also
in sterically hindered systems like catechol and
3,4-dihydroxy cinnamic acid, molecular weights
achieved were comparatively low (G. N. Mahesh, S.
Ramesh, N. C. T. Gowthamram, and G. Radhak-
rishnan, Pers. commun.). From these data we can
infer that for unhindered systems and where the
distance between the two hydroxyl groups is more,
higher molecular weights are achieved.

The broad molecular weight distribution observed
is due to the polymer solvent interaction taking place
when the polyurethane is dissolved in high polar

Table I Polymer Composition and Code

Composition Code
PTMG000/2TDI/fluorescein F,
PTMG000/2TDI/fluorescein F,
PTMGog00/2TDI/fluorescein Fy
PTMG 400/3TDI1/ fluorescein F,
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Scheme 1

solvents. Many of these type of colored compounds’
inherent difficulty is in dissolution in common sol-
vents as observed by earlier reports.?’ Although there
have been only very few reports of using these high
polar solvents for GPC analysis, addition of a strong
electrolyte minimized the abnormal distribution
patterns observed in these systems.?? However, we
tried to rerun the sample under more vigorous inert
conditions like nitrogen purging of the solvent to
remove traces of oxygen and preventing the absorp-
tion of moisture to a very minimum level. We ob-
served changes in the polymer elution curve giving
reasonable polydispersity values.

Fourier transform nuclear magnetic resonance
(FTNMR) were recorded on a Bruker MSLp 300-
MHz spectrometer using DMSO-d; as solvent. The
proton exchange technique was used to fix the
— NH proton of the urethane linkages. In the syn-
thesized polyurethane the soft segment part is the
poly(tetramethylene oxide) (PTMG) and the hard
segment part is the isocyanate and fluorescein units.
The peak at 1.48 ppm (s) can be attributed to the
methylene protons of the PTMG segment. The
—O—CH,— protons of the PTMG backbone
were observed at 3.30 ppm.

The methyl protons of the hard segment of TDI
are seen at 2.19 and 2.52 ppm. The protons of the
aromatic hard segments namely TDI and fluorescein
were observed at 6.53 (s), 6.71 (s), 6.82 (w), 7.24 (d),
7.67 (m), and 7.96 ppm (m). The peak at 4.05 ppm
was due to —NH—O—CO—CH, groups that
link the hard and soft blocks. The urethane — NH
protons of TDI resonate at 8.47, 8.23, and 9.13 ppm
because it is a mixture of two isomers. From the 3C
spectrum of the polymers the methylene carbons of
the PTMG segment absorbs at 26.04 ppm and the
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Table II Polymer Data

Tensile Strength

S S - T, at Break Percentage Elongation
Composition M, X 10* M, X 10° M./M, (°C) (N/mm?) at Break
F, 9.71 7.68 7.91 -58 41.6 3400
F, 4.41 1.40 3.17 —60 Soft —
Fy 4.21 2.08 4.94 —64 Soft —
F, 2.06 0.29 1.42 —34 3.6 1760

~—QO—CH,— at 69.71 ppm. The carbons of the
aromatic rings are observed from 102 to 151 ppm.
The carbonyl carbons of the urethane unit absorbs
at 159 and 162 ppm.

Fourier transform infrared spectra (FTIR) of the
polymers were recorded as a neat film using a Nicolet
Impact 400 spectrometer. Polymer films for FTIR
analysis were prepared by dissolving the purified
samples in DMF, casting over a pool of mercury,
and evaporation of the solvent at 60°C. The FTIR
spectrum of F, is given in Figure 1. The stretching
due to C—C (aromatic) is observed at 1601 cm™!
and the band due to C— N stretching and NH de-
formation (amide II band) is seen at 1532 cm™1. The
free carbonyl stretching of the urethane and that of
the lactone of the fluorescein is observed at 1732
cm™!. The hydrogen-bonded carbonyls are seen at
1698 cm L. Urethane NH stretching is seen at 3290
cm™!. The C— O—C stretching from the PTMG
segment is observed at 1110 cm™?.

Thermogravimetric Analysis (TGA)

TGA was carried out using a Du Pont 951 thermo-
gravimetric analyzer at a heating rate of 10°C/min
under nitrogen atmosphere. The TGA curves of flu-
orescein and the polyurethanes are given in Figure
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Figure 1 FTIR spectrum of F,.

2. Fluorescein decomposes at about 350°C corre-
sponding to 4% weight loss. All the polymers showed
good thermal stability. The marginal initial weight
loss up to about 160°C can be attributed to trapped
solvent in the samples. The rigid diol component in
the polymers seemed to induce much higher thermal
stability to the polymers. F, and F, show a double
stage decomposition pattern. The second stage de-
composition can be attributed to the decomposition
of a combination of chemical segments in the poly-
mer chain. The urethane linkages of aromatic diol
and aromatic diisocyanate decompose at about
180°C. The absence of significant weight loss here
can be due to the fact that the TGA runs were not
performed under isothermal conditions but at a
steady heating rate. Also the products formed in the
decomposition are not volatile enough to be carried
by the nitrogen carrier gas.

DSC Analysis

The DSC study was performed on a Du Pont 910
instrument at heating rate of 10°C/min under ni-
trogen atmosphere (Fig. 3). For each run the amount
of sample taken was 10 + 0.2 mg. The glass tran-
sition temperature (T,) of the polyurethanes mainly
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Figure 2 TGA curves of (- - -) fluorescein, (---) F,,
(—)Fy, (- ) Fg,and (- - - - - ) F,.
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Figure 3 DSC thermograms of F,, F,, Fy, and F,.

depends on the soft segment part. All the polymers
had their T, below room temperatures, which is the
characteristic of the soft segments used. When we
compare polyurethane F; and F, for the same polyol
used, F, had higher T,. This is due to the good mixing
of the hard segments in the soft segment so that
efficient phase separation between the two segments
is lowered. This is also seen from the broad nature
of transition for F,. The T, of F, and F; is lower
than F, due to the nature of the polyol segments.
The endothermic transitions observed after the T,
for these samples is due to the crystalline melting
of PTMG 40, and PTMGgq units.

Mechanical Properties

Mechanical properties of the polymer were evaluated
using an Instron Universal Testing Machine Model
4501 at a crosshead speed of 50 mm/min. The sam-
ples for tensile testing were prepared by solution
casting the polymers in DMF medium into silicon
troughs and by slow evaporation of the solvent at
60°C. The specimens were cut into dumbbell shape
of 2.1- length and 0.4-cm breadth. Three specimens
were subjected to testing for each sample. The ul-
timate tensile strength and percent elongation of
PTMG o based polymers showed much superior
behavior. This can be attributed to stress induced
crystallization in case of PTMG; g, based polymers.
Here the ratio of soft segment and hard segment
(inclusive of urethane linkage and rigid diol com-
ponent) form the balance to give superior properties.
Further, increased molecular weight of the polymer
plays a very important role in the mechanical prop-
erties and is evident from the fact that although F,

and F, contain the same components (in different
mole ratios), F; shows much better properties.

CONCLUSION

The introduction of a rigid aromatic component in
polyurethanes enhances the properties of the poly-
mers. All the polyurethanes could be cast as films,
but the films based on PTMGygy, and PTMGagg
were very soft. PTMG,q, based polymer films had
very good gloss and flexibility. The properties of
these films can be further improved by preventing
voids caused by unequal solvent evaporation. To
further harness the potential of these high perfor-
mance materials, efforts are being made to incor-
porate ionic moieties and metal ions.

The first two authors would like to thank the Council of
Scientific and Industrial Research (CSIR), India for their
fellowships.
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