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Abstract

Structure—property relations in polydimethylsiloxane (PDMS) containing segmented copolymers with model hard segments capable of
forming hydrogen bonding, such as urea, N-methylurea and urethane have been investigated. High molecular weight silicone containing
copolymers with these hard segments were prepared from PDMS oligomers with number average molecular weights ranging from 890 to
3750 g/mol. Due to major differences in the solubility parameters between PDMS and polar hard segments, all copolymers are expected to
display good microphase separation. It was demonstrated that mechanical and thermal properties of these copolymers are directly linked
to the strength of the hydrogen bonding in the hard segments. As expected, siloxane—urea copolymers displayed much higher tensile
strengths when compared with siloxane—N-methylurea and siloxane—urethane copolymers with similar compositions. © 2001 Elsevier

Science Ltd. All rights reserved.

Keywords: Hydrogen bonding; Silicone copolymer; Siloxane

1. Introduction

High molecular weight silicone homopolymers,
especially polydimethylsiloxanes (PDMS), display a combi-
nation of very interesting properties. These include very low
glass transition temperatures (—123°C), high thermal, UV
and oxidative stability, low surface energy, hydrophobicity,
high gas permeability, good electrical properties and
physiological inertness or biocompatibility [1]. In spite of
these attractive properties, PDMS homopolymers exhibit
very poor mechanical properties at room temperature,
even at very high molecular weights [1,2]. This is a direct
result of their very low 7, (at room temperature, they are
about 150°C above their T,) and very low intermolecular
forces between polymer chains [3]. In order to have reason-
able mechanical properties, PDMS must be highly cross
linked and in many cases filled with finely divided reinfor-
cing fillers, such as silica [4].

Another effective technique to improve the thermal and
mechanical properties, while still retaining the desired
chemical and physical properties of PDMS polymers, is
through the controlled synthesis of block or segmented
copolymers [5,6]. In these copolymers, PDMS can be
combined with a wide range of organic hard segments,
resulting in thermoplastic elastomers, where ultimate
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properties depend on the type and nature of the hard
segments, relative segment molecular weights and the back-
bone compositions [5,6]. We have already reported that
[7,8], when urea groups (which can form very strong hydro-
gen-bonding) are chosen as the hard segments, the resulting
silicone copolymers display excellent elastomeric proper-
ties with very good mechanical strengths. In these copoly-
mers, extremely nonpolar PDMS soft segments, with very
low solubility parameters of 15.6 /em®? or 7.6 (cal/
cm’) show almost complete phase separation from the
urea hard segments, which are fairly polar, as indicated by
their high solubility parameters of around 45.6 (J/cm®)"* or
22.3 (cal/cm’)"* [9,10]. This leads to very strong hydrogen
bonding in the urea hard segments and excellent mechanical
properties in silicone—urea copolymers.

Due to the availability of a wide range of reactive PDMS
oligomers and organic monomers, it is possible to synthe-
size well-defined silicone copolymers with controlled
hydrogen bonding capabilities in the hard-segments and
use them as model systems to study the influence of hydro-
gen bonding on the properties of resultant thermoplastic
elastomers. This cannot be easily achieved in conventional
polyether or polyester based urethane or urea type elasto-
meric systems because of extensive phase mixing between
hard and soft segments due to hydrogen bonding between
urethane or urea groups and the ether or ester linkages in the
soft segments [11-13].

In this study, PDMS copolymers containing urea,
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Fig. 1. Chemical structures of o,B-organofunctionally terminated polydi-
methylsiloxane oligomers.

N-methylurea and urethane type hard segments were
prepared and characterized. The strength of hydrogen bond-
ing in these copolymers was controlled by the type and the
amount of hard segment in the system. In addition, model
urea and urethane hard segments, with similar structures and
compositions to those in the copolymers, were also prepared
and characterized. A good correlation was found between
the hydrogen bonding capacities of the hard segments and
thermal and mechanical properties of the siicone
copolymers.

2. Experimental
2.1. Materials

o,w-Aminopropyl (PDMS-NH,), o,w-N-methylamino-
propyl (PDMS-NH) and o,w-hydroxyhexyl (PDMS—-OH)
terminated PDMS oligomers (Fig. 1) with number average
molecular weights ranging from 890 to 3750 g/mol were
either obtained from Th. Goldschmidt AG, Essen, Germany,
or prepared in our laboratories [14]. Molecular weights of
amine-terminated oligomers were determined by the
titration of the end groups with standard hydrochloric
acid. Number average molecular weights of hydroxyhexyl
terminated PDMS oligomers were determined by 'H NMR
spectroscopy [15]. Bis(4-isocyanatocyclohexyl)methane
(HMDI) with a purity greater than 99.5% was supplied by

Bayer AG. n-Butanol, n-butylamine, urea and 1,3-dimethy-
lurea with purities better than 99.5% were purchased from
Aldrich and used as received. Chromatographic grade
reaction solvents, tetrahydrofuran (THF) and dimethylfor-
mamide (DMF) were obtained from Carlo Erba and used
without further purification. Dibutyltindilaurate (DBTDL)
catalyst was obtained from Witco.

2.2. Preparation of model compounds

Detailed procedures for the preparation and characteriza-
tion of HMDI based model urethane and urea hard segments
bis(4-butylcarbamatecyclohexyl)methane (HMDI—urethane)
and bis(4-butylureacyclohexyl) methane (HMDI-urea),
which are shown in Fig. 2, are provided elsewhere [13].

2.3. Polymer syntheses

Siloxane—urea and siloxane—N-methyl urea copolymers
were prepared by the reaction of stoichiometric amounts of
amine terminated PDMS oligomers and HMDI, in THF
solution, under dry nitrogen atmosphere. During the
reactions, PDMS—NH, or PDMS-NH solutions (25% by
weight in THF) were slowly added from an addition funnel,
into the reaction flask containing stoichiometric amounts of
diisocyanate (HMDI) solution (25% by weight in THF). The
reactions were conducted at room temperature. After the
completion of siloxane addition, the system was heated to
50°C for 3 h. Completion of the reactions was determined
by FTIR (Fourier Transform Infrared) spectroscopy, follow-
ing the disappearance of strong isocyanate peak at
2260 cm~!. When PDMS-NH, oligomers with M, 900
and 1150 g/mol were used, as the urea content in the
copolymer formed increased, the reaction mixtures became
extremely viscous due to very strong hydrogen-bonding in
the system and therefore were diluted with DMF for effec-
tive mixing and also to prevent the premature precipitation.
The products obtained were coagulated in isopropanol/
water (90/10) mixture, washed with isopropanol, filtered
and dried to constant weight in a vacuum oven at 50°C.

Siloxane—urethane copolymers were prepared by the
reaction of equimolar amounts of PDMS—-OH and HMDI

Bis(4-butylcarbamatecyclohexyl)methane, (HMDI-Urethane)

HOH H O H
| L1
N—C.Hy

Bis(4-butylureacyclohexyl)methane, (HMDI-Urea)

Fig. 2. Chemical structures of model urethane and urea hard segments.
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Table 1
Chemical compositions of segmented PDMS copolymers

Polymer code PDMS oligomer

HMDI weight (g) [11%°C THF (dl/g)

End group M, (g/mol) Weight (g)
PSU-1 NH, 890 71.3 22.7 0.39
PSU-2 NH, 1150 81.4 18.6 0.47
PSU-3 NH, 1675 86.5 13.5 0.45
PSU-4 NH, 2480 90.4 9.6 0.73
PSU-5 NH, 3750 93.5 6.5 0.93
PSNU-1 NH 900 71.5 22.5 0.57
PSNU-2 NH 1650 86.3 13.7 0.69
PSNU-3 NH 2400 90.2 9.8 0.62
PSPU-1 OH 900 71.5 225 0.35
PSPU-2 OH 2400 90.2 9.8 0.59

in toluene at 80°C under the catalytic action of DBTDL.
Completion of the reactions was again followed by monitor-
ing the disappearance of strong isocyanate peak at
2260 cm ™' using FTIR spectroscopy. Table 1 gives the
compositions of silicone copolymers synthesized together
with the values of their intrinsic viscosities, which indicate
the formation of high molecular weight polymers. Polymer
codes denote the following systems: poly(siloxane—urea),
PSU, poly(siloxane—N-methylurea), PSNU and poly(silox-
ane—urethane), PSPU.

2.4. Polymer characterization

Structural characterization of copolymers was obtained
by FTIR spectroscopy, using a Nicolet Impact 400D
spectrometer. For FTIR studies, thin polymer films were
cast on KBr disks from THF or THF/DMF solutions and
dried in vacuum oven. GPC curves were obtained on a
Polymer Laboratories PL-110 GPC, equipped with PL-gel
columns of 500, 1000 and 10 000 A and a refractive index
detector. Measurements were done at 23°C, with a flow rate
of 1 ml/min. Intrinsic viscosities were determined in Ubbe-
lohde viscometers, at 25°C, in THF. Differential scanning
calorimetry (DSC) analyses of the products were obtained
on a Rheometrics PL-DSC Plus instrument, under nitrogen
atmosphere with a heating rate of 10 K/min. Temperature
and enthalpy calibration of DSC was obtained by using
indium, lead and tin standards. Thermogravimetric analysis
of the products was obtained using Schimadzu TGA 50H,
under nitrogen atmosphere, with a heating rate of 10 K/min.
TMA (Thermomechanical analysis) penetration curves
were obtained on a Perkin Elmer TMS-2, with a heating
rate of 10 K/min. The load applied was varied between 10
and 30 g depending on the type and amount of hard
segments in the sample. Thickness of the films were around
1.0-1.5 mm. Stress—strain tests were carried out on an
Instron Model 4411 Universal Tester, at room temperature,
with a crosshead speed of 20 mm/min. Films for TMA and

stress—strain tests were prepared by compression molding at
200°C using a Carver, hydraulic press.

3. Results and discussion

Polydimethylsiloxane containing segmented copolymers
with urea, N-methylurea and urethane hard segments were
used as model systems to investigate and understand the
influence of hydrogen bonding on the thermal and mechan-
ical properties of these copolymers. All of these copolymers
were obtained by the reaction of stoichiometric amounts of
HMDI and organofunctionally terminated PDMS oligomers,
structures of which are shown in Fig. 1. M, values of the
oligomers varied between 890 and 3750 g/mol. No chain
extenders were used. Therefore, all copolymers of the same
family (e.g. urea, N-methylurea or urethane) have exactly the
same hard segment structure and molecular weight.

It is well known that hydrogen bonding plays critical
roles in determining the thermal and mechanical properties
of block and segmented copolymers [16,17]. High molecu-
lar weight, multiphase thermoplastic elastomers such as
segmented polyurethanes, polyureas and semi-crystalline
polyamides owe their thermal and mechanical properties
to mainly three major factors. These are (i) the extent of
microphase separation between soft and hard segments, (ii)
the nature and the extent of intermolecular hydrogen bond-
ing in their hard segments, and (iii) the extent of crystal-
lization in the hard segments. In general, the first two are
related to each other, where highly polar hard segments,
such as urea, with high solubility parameters, promote better
phase separation in the system, while at the same time
providing more effective hydrogen bonding in the hard
segments [18—20]. On the other hand, if the soft segments
have polar groups such as ether oxygen or carbonyl, there
may also be substantial interaction between urea hard and
polyether or polyester soft segments. For siloxane contain-
ing systems, due to very large differences between the
solubility parameters of PDMS and urea, urethane or
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N-methylurea hard segments, it is expected that there will be
very good phase separation [1,2,5,6]. Therefore,
homologous  siloxane—urea, siloxane—urethane and
siloxane—N-methylurea copolymers can be used as models
to quantitatively determine the influence of hydrogen bond-
ing capacity in the hard segments on the thermal and
mechanical properties of the resultant systems.

3.1. Cohesive energy densities and solubility parameters (8)

For an organic group, traditionally, a good measure of the
capacity to form hydrogen bonding and other intermolecular
forces can be obtained from the value of their cohesive
energy densities (CED) or solubility parameters (§),
where & = (CED)"* [9,10]. A high value for CED or &
means that the group or the molecule is highly polar. The
solubility parameter, 8, consists of three components, with
each component representing a molecular interaction force
of different kind. These components are, (64), due to disper-
sive (London) forces, (8,), due to dipole forces and (8y,), due
to hydrogen bonding. The relationship between solubility
parameter and its components is given in Eq. (1).

F=8+8+5& (1)

For many small organic molecules, and especially for
solvents, values of solubility parameters and their compo-
nents are experimentally determined and are given in the
literature [10]. For molecules or groups where these values
are not available, it is possible to calculate CED, &, or its
components by using group interaction modeling based
calculations [10,21,22]. Table 2 gives values for CED,
solubility parameter, 6, and hydrogen bonding component
of solubility parameter, 8}, for urethane, N-methylurea and
urea groups, calculated from group contributions. As a
comparison, these values are also provided for dimethylsi-
loxane groups. Results of these calculations indicate that, in
terms of increasing polarities, these groups have the follow-
ing order: urethane, N-methylurea and urea. A similar order
is also valid for the hydrogen bonding capacities of these
groups. As a simple comparison, the experimentally deter-
mined solubility parameters of formamide, N-methylforma-
mide and N,N-dimethylformamide are 36.6, 32.9 and
24.8 (J/em*)'?, respectively [10], which clearly show the
influence of methyl substitution on polarity of the molecule
and its solubility parameters. As for the hydrogen bonding
component, the values are 19.0 and 11.3 (J/em*)? for
formamide and DMF, respectively [10]. It is interesting to
note the dramatic reduction in the hydrogen bonding
capacity by replacement of amide hydrogens with methyl
groups in the formamide molecule.

Although CED and §;, values given in Table 2 provide a
basis for the relative strengths of expected hydrogen bond-
ing between these groups, which constitute the hard
segments in silicone copolymers, they are far from giving
a complete picture. As can be seen from Table 2, although
there is a trend, the difference between 6 and 6, values for

Table 2

Cohesive energy density and solubility parameter values for urethane,
amide, N-Methylurea, urea dimethylsiloxane groups calculated by using
group contribution method [9,21,22]

Group structure CED 8 b
(J/em®) (Jfem®)'” (J/em®)'”

H O 1385 37.2 254
|l

—N—C—O0—
H O 1862 432 28.0
[l

—N—C—

H O CH 1573 39.7 27.8
LI

—N—C—N—

H O H 2079 45.6 342
[

—N—C—N—
CH; 243 15.6 0
|

—Si—0—
CH;

different groups are not very significant. This may indicate
that siloxane copolymers with these hard segments are
expected to show some differences in their thermal and
mechanical properties, but these may not be very substan-
tial. However, as the results of tensile tests (Table 3 and
Fig. 3) and thermomechanical characterization (Fig. 5)
clearly show, the overall performance of homologous silox-
ane copolymers, with urea, urethane and N-methylurea
groups are significantly different from each other.

3.2. Mechanical properties of copolymers

As can be seen in Table 3, the first significant and some-
what surprising observation in tensile test results is that the
siloxane—urethane copolymer with 39.9% urethane hard
segment content (PSPU-1), shows essentially no mechanical
strength at room temperature. This film is very soft and
sticky and shows viscous flow at room temperature. On
the other hand, films of other homologous copolymers,
siloxane—urea (PSU-1) and siloxane—N-methylurea
(PSNU-1), even with slightly lower hard segment contents
than that of PSPU-1, show very good mechanical integrity.
Siloxane—urea copolymers, as expected, show higher modu-
lus and tensile strengths than siloxane—N-methylurea
copolymers with similar compositions. However, the
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Table 3
Tensile properties of segmented PDMS copolymers

7957

Polymer code Hard segment Modulus (MPa)

content (Wt%)

Tensile

Elongation (%)

strength (MPa)

PSU-1 32.8 157.3
PSU-2 26.8 115.0
PSU-3 19.5 19.3
PSU-4 13.8 6.9
PSU-5 9.4 49
PSNU-1 349 359
PSNU-3 153 4.8
PSPU-1 39.9 -

20.1 430
16.5 550
10.2 700
7.9 900
4.8 950
8.1 650
2.1 750

difference in the actual values of tensile properties are much
higher than that can be explained by CED values or by the
hydrogen bonding component (8,) of the solubility
parameters given in Table 2. As given in Table 3, the
ultimate tensile strength of PSU-1 is about 2.5 times higher
than that of PSNU-1. The difference in the moduli values are
even more dramatic, PSU-1 showing a modulus value, about
4.5 times that of PSNU-1. Fig. 3 clearly shows the differ-
ence between the tensile behavior of siloxane—urea and
siloxane—N-methylurea copolymers. It is clear that the
replacement of one hydrogen on urea nitrogen by a methyl
group substantially diminishes the hydrogen bonding
capability of the resulting structure.

Another interesting observation regarding siloxane—urea
copolymers is the direct relationship between their ultimate
tensile strengths and hard segment contents. As given in Fig.
4, when ultimate tensile strengths of siloxane—urea copoly-
mers are plotted against their urea hard segment, a straight
line (assuming no deviation from linearity below 10% urea
content) passing through the origin is obtained. This, we
believe is a dramatic observation and first to be reported
for a block copolymer system, where soft segments have
no contribution to the tensile strength of a copolymer.
Such a linear relationship shown in Fig. 4 also suggests
that, the urea hard segments are very-well phase separated
and homogeneously distributed in the PDMS soft matrix.
We also believe that the domain sizes of these hard
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Fig. 3. Comparison of Stress—strain behavior of polydimethylsiloxane
copolymers containing urea and N-methylurea hard segments (—: PSU-
15 ---: PSNU-1; - - -: PSU-4; ----- : PSNU-3).

segments are fairly uniform since all hard segments have
the same structure and molecular weight (the hard segments
in these siloxane copolymers consist of HMDI end-capped
by the organofunctional end groups of PDMS oligomers,
whereas, soft segment consists only of PDMS). In addition,
these hard segment domains in siloxane—urea copolymers
are also held together with very strong hydrogen bonding.
Another interesting observation is the logarithmic
relationship between the modulus and the urea content of
silicone—urea copolymers as shown in Fig. 5. Although we
cannot quite explain this behavior, it is identical to the
behavior of semi-crystalline nylon-6,10, where amide
hydrogens are partially replaced with #-butyl groups
[13,23]. Net results of such a modification in the polyamide
backbone are (i) dramatic reduction in the hydrogen bond-
ing between amide groups and (ii) disruption of the crystal-
linity of the system, both of which are expected to reduce
the modulus of the system. When the straight line (assuming
no deviation from linearity below 10% urea content) in
Fig. 6, given for the siloxane—urea copolymers, is extrapo-
lated to ‘zero urea content’, a negative log(modulus) value
is obtained. This indicates extremely low modulus, typical
for liquid-like materials. This interesting observation very
clearly explains the expected behavior of siloxane—urea
copolymers, with ‘no’ urea groups! Such a system would
consist of pure PDMS soft segments (oligomers), which are
known to be very low viscosity liquids at room temperature,
since at room temperature they are about 140°C above their

Tes. Tensile data displayed in Figs. 3-5 very clearly
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Fig. 4. Ultimate tensile strengths of siloxane—urea copolymers as a function
of their urea hard segment contents.
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Fig. 5. Relationship between tensile modulus and urea content in siloxane—
urea copolymers.

demonstrate the very critical role played by hydrogen bond-
ing in determining the mechanical behavior of siloxane
copolymers.

3.3. Thermomechanical behavior of copolymers

Fig. 6 gives the thermomechanical behavior of represen-
tative siloxane copolymers between —150 and +200°C.
These curves are obtained by measuring the penetration of
a quartz probe into a polymer film as a function of tempera-
ture. As can be seen in Fig. 6, penetration-temperature
curves are qualitatively identical to modulus-temperature
curves of polymeric systems. Therefore, by this experiment,
glass transition temperatures, rubbery plateau and rubbery
and viscous flow regions of amorphous polymers can be
easily determined. In all copolymers tested (PSU-1,
PSNU-1 and PSPU-1), sharp penetrations are observed
around —120°C. This is due to the glass transition tempera-
ture of PDMS. The degree of penetration at this region may
be a good indication of the mechanical integrity of the
copolymer or the strength of the hydrogen bonding in
the matrix. As expected, siloxane—urea copolymer shows
the least penetration and siloxane—urethane, the most in
this region. As the temperature is increased dramatically,
different penetration profiles are observed for different
copolymers. For siloxane—urethane copolymer, there is a
fairly short plateau, followed by the complete penetration
of the probe. For siloxane—N-methylurea copolymer, the
rubbery plateau extends up to about 50°C. Complete
penetration of the probe into the film takes place in the

=-PENETRATION

B NN TSN N Y NSO U NN S U S S [N N N S|

-140 -60 20 100 180
TEMPERATURE ( °C)

Fig. 6. Comparison of the thermomechanical behavior of siloxane copoly-
mers with different hard segments (—: PSU-1; ---: PSNU-1; - - -: PSPU-1).

range between 80 and 100°C. For siloxane—urea copoly-
mers, thermomechanical behavior is quite different after
the glass transition region of PDMS. Unlike other copoly-
mers, for PSU-1, there is a very long plateau region, where
no penetration is observed. This clearly shows the integrity
of the matrix, which is a direct result of very strong hydro-
gen bonding in these systems. Around +120°C, there is
another small penetration, which most probably indicates
the glass transition temperature of the urea hard segments.
This is followed by another plateau region. Complete
penetration of the probe takes place above 160°C. TMA
curves given in Fig. 6 provide a very clear picture about
the relative strengths of hydrogen bonding in the hard
segments of these siloxane copolymers. By using these
temperature values in the flow regions (where there is
complete penetration of the probe), it may also be possible
to calculate approximate thermal energies required to break
up the hydrogen bonding in different hard segments.

3.4. Thermal properties of model compounds

In order to have a better understanding of the dramatic
differences observed in the thermomechanical behavior of
siloxane copolymers with urea, N-methylurea and urethane
hard segments, melting behavior of urea, 1,3-dimethylurea
and model HMDI—urethane and HMDI—urea compounds
were investigated by DSC. As expected, there are substan-
tial differences both in the melting temperatures and more
importantly in the enthalpy of fusion values of these
compounds as provided in Table 4. Urea has a melting
point of 133°C, which is about 27°C higher than that of
1,3-dimethylurea. This is expected because of stronger
hydrogen bonding in the urea than N-methylurea. As for
the enthalpy of fusion, urea and 1,3-dimethylurea show
values of 242.4 and 141.6 J/g respectively, or urea showing
a value about 70% higher than that of N-methylurea. We
believe these values provide a more quantitative explanation
than that of CED values, to the difference between the
hydrogen bonding strengths in these compounds. There is
also very good correlation between DSC results, TMA beha-
vior and stress—strain properties. DSC scans of HMDI based
model urethane and urea compounds are provided in Fig. 7,
together with the TGA curve of the HMDI—urea compound.
In these DSC scans, obtained with a heating rate of 10 K/
min, HMDI-urethane shows a fairly sharp melting peak
starting at 110 and ending at 130°C, with peak minimum
at 120.6°C. The enthalpy of fusion (obtained from the area
under the peak) is 87.0 J/g. For the HMDI—urea compound,
the melting peak starts at 180°C, as expected at a much
higher temperature than that of the homologous urethane
compound. However, then it becomes somewhat compli-
cated showing double peaks with minima at 227 and
243°C, respectively, followed by another major endother-
mic peak. When the sample is scanned for the second time,
the melting behavior changes completely. These results led
us to believe that the HMDI—-urea compound was thermally
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Table 4
Melting behavior of model compounds determined by DSC

Compound Tm (°C) AH fusion (J/g)
HOH 133 242.4
LI
H-N-C-N-H
H OH 106 141.6

T
CH;-N-C-N-CHj

HMDI-urethane 120 87.0
HMDI-urea > 180 Decomposes

decomposing while melting. When thermal stability of this
compound was studied by TGA, in line with our expecta-
tions, it showed decomposition after 200°C. Therefore, it
was not possible to compare its enthalpy of fusion with
that of model HMDI-urethane. The curve plotted as a
solid line in Fig. 7, represents the TGA behavior of
HMDI-urea model compound, where weight left is plotted
against temperature. We believe these DSC results provide a
better explanation to the differences observed in the strength
of hydrogen bonding and resulting mechanical properties in
siloxane—urea and siloxane—urethane copolymers than
simple comparison of the solubility parameters. The most
important information comes from the enthalpy data, since
the enthalpy of fusion is the energy needed to break up all
the attractive forces between molecules and the order
(crystallinity) in the solid system. In all of the model
compounds studied, this basically corresponds to over-
coming the hydrogen bonding in the system. DSC results
also demonstrate that hydrogen bonding between urea
groups is much stronger than those of urethanes or N-methy-
lureas as expected. These experimental results are in very
good agreement with the hydrogen-bond energies obtained
by quantum mechanical calculations on similar model
compounds [13,24]. Unlike the model compounds, interest-
ingly, no high temperature transition (7, or T,) was
observed in siloxane—urea copolymers up to 300°C [7,8].

w 100 _
é X

-
§ 80 1
T 2
= 460 £
N S
x 1]
‘ ] ! L1 ] [ L0 =

100 200 300 400

TEMPERATURE (°C)

Fig. 7. TGA curve for HMDI-urea (—) and DSC thermograms for HMDI—
urea (---) and HMDI-urethane (- - -).

4. Conclusions

A series of segmented siloxane copolymers containing
urea, N-methylurea and urethane hard segments were
prepared and characterized. It was demonstrated that, in
these homologous siloxane copolymers, which display
very good microphase separation, thermal and mechanical
properties are dictated mainly by the strength of the hydro-
gen bonding between their hard segments, with urethanes
showing the weakest, ureas showing the strongest thermal
and mechanical properties and N-methylureas in between.
Strong supporting evidence to the thermal behavior of these
copolymers and substantial differences in the hydrogen
bonding strengths between different hard segments were
also provided by DSC studies of model compounds.
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