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ABSTRACT: Side-chain liquid-crystalline (SCLC) poly-
urethane elastomers with methoxybiphenyl mesogens pen-
dant on the chain extenders were synthesized by the con-
ventional prepolymer technique and condensation reaction.
Two SCLC polyurethanes with mesogens having spacers of
six and eight methylene units were prepared. The structures
of the mesogenic units and SCLC polyurethanes were con-
firmed by Fourier transform infrared and '"H-NMR. The
polymer properties were also studied with solubility tests,
water-uptake measurements, and inherent-viscosity mea-
surements. The tensile properties indicated that both SCLC
polyurethanes were thermoplastic elastomers. Their phase-
transition temperatures were studied with differential scan-
ning calorimetry. Wide-angle X-ray diffraction studies re-

vealed the existence of liquid-crystalline phases for both
SCLC polyurethanes. Polarizing optical microscopy investi-
gations further confirmed the thermotropic liquid-crystal-
line behaviors and smectic mesophases of both samples.
Thermogravimetric analysis results showed a more rapid
degradation in the initial stage and a slower degradation
process in the latter stage for both SCLC polymers in com-
parison with those of the linear starting polyurethane. © 2005
Wiley Periodicals, Inc. ] Appl Polym Sci 96: 336-344, 2005
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INTRODUCTION

Side-chain liquid-crystalline (SCLC) polymers are of
both theoretical and practical interest because they
combine the anisotropic properties of monomeric lig-
uid crystals with polymeric properties. Their unique
behavior is caused by the specific structure, which
consists of a polymer chain, a flexible spacer, and a
mesogenic unit. Through the variation of the individ-
ual structural parts (the polymer backbone, spacer,
and mesogenic unit), polymer molar mass, polydis-
persity, and tacticity, the liquid-crystal behavior can
be successfully controlled."™* Therefore, SCLC poly-
mers are of special interest for applications in data
storage systems, in piezoelectric, pyroelectric, and fer-
roelectric devices, and in other systems that require
nonlinear optical characteristics.” ®

It has also been indicated that if SCLC polymers are
elastomers, they can couple the response of liquid
crystals and elastomeric networks to applied stress

Correspondence to: T.-L. Wang (tlwang@nuk.edu.tw).

Contract grant sponsor: National Science Council of Re-
public of China; contract grant number: NSC 89-2216-E-151-
007.

Journal of Applied Polymer Science, Vol. 96, 336-344 (2005)
© 2005 Wiley Periodicals, Inc.

fields.”'® The elastomer acts as a matrix through
which stress is transferred to the liquid-crystalline side
groups, which respond to the applied mechanical field
with alignment.

On the other hand, thermoplastic polyurethane (PU)
elastomers (i.e., segmented copolyurethanes) are block
copolymers of the (A-B),, type, consisting of alternat-
ing soft and hard segments.''™"®> The soft segment is
typically a long-chain polyol, which is a polyester diol,
polyether diol, or polyalkyl diol with a molecular
weight of 500-5000. The hard segment generally con-
sists of an aromatic diisocyanate chain extended with
a low-molecular-weight diol or diamine (i.e., chain
extender).'*

The unusual properties of these copolymers are di-
rectly related to their two-phase structures. The two-
phase feature of the original reaction mixture is due to
the thermodynamic incompatibility of the different
block polymer segments. It is well-known that the
hard segment of thermoplastic polyurethane elas-
tomers (PUTs) can form a thermotropic liquid-crystal-
line phase when a properly selected diisocyanate and
chain extender are used for the polyaddition reaction.
The hard segments prepared from 4,4'-dihydroxybi-
phenyl (DHBP)/hexamethylene diisocyanate,'” 4,4'-
bis(6-hydroxyhexoxy)biphenyl (BHHBP)/4,4'-diphe-
nylmethane diisocyanate (MDI),'®  4,4'-bis(2-hy-
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Scheme 1 Synthesis of C, Mes mesogens.

droxyethoxy)biphenyl/toluene diisocyanate (TDI),"”
and BHHBP/TDI'® pairs are examples of thermo-
tropic liquid-crystalline PUs. However, because linear
liquid-crystalline PUs are fluid in the liquid-crystalline
state, they do not exhibit cohesive mechanical proper-
ties. The coupling of mesogens to a polymer backbone
allows the exploration of optical responses to mechan-
ical fields.'**

To our knowledge, SCLC PUs have not been inves-
tigated as systematically as side-chain liquid-crystal
polymers with acrylic, methacrylic, and siloxane back-
bones.”’* In particular, all these studies were con-
cerned with PUs synthesized from a diisocyanate with
a short-chain diol.*>**2® This kind of PU had no elas-
tomeric property. As far as we know, the first seg-
mented copolyurethane with SCLC soft segments was
synthesized and presented by Hammond et al.*” The
other work was related to the chain extender of a
segmented PU carrying a mesogen in the side chain,
though with little success.*®

The aim of our work was to prepare a new series of
side-chain liquid-crystalline polyurethane elastomers
(C,PUTs). These C,PUTs were designed to exhibit
electroresponsive or mechanoresponsive elastomeric
properties via functionalization of the chain extender
and attachment with a mesogenic unit in the side
chain. We have recently presented a new class of
SCLC polyurethane elastomers containing 2,2-bis(hy-
droxymethyl)propionic acid as the chain extender.”
In this article, we report a subtle synthesis and initial
characterization of the other class of C,PUTs with
methoxybiphenyl mesogens pendant on the chain ex-
tender [1,1,1-tristhydroxymethyl)propane (TMP)].
Further work will be performed to study their
mechano-optic applications.

EXPERIMENTAL
Materials

MDI (DuPont, Inc., Wilmington, DE), methyl isobutyl
ketone (MIBK; Hayashi Chemicals, Tokyo, Japan),
N,N-dimethylformamide (DMF; Tokyo Chemicals, To-
kyo, Japan), and dimethyl sulfoxide (DMSO; Nacalai
Tesque, Inc., Kyoto, Japan) were distilled under re-
duced pressure. TMP (Fluka, Buchs, Switzerland), so-
dium hydrosulfite (Aldrich, Milwaukee, WI), 1,6-di-

bromohexane (Lancaster, Lancashire, UK), 1,8-dibro-
mooctane  (Aldrich), sodium hydride (Showa
Chemicals, Tokyo, Japan), triethylamine (Nacalai,
Kyoto, Japan), DHBP, tetra-n-butylammonium hydro-
gensulfate (TCIL; Tokyo Chemicals, Tokyo, Japan), di-
methyl sulfate, and tetrahydrofuran (THF; Tokyo
Chemicals) were used as received. Poly(tetramethyl-
ene ether glycol) (PTMG; DuPont, Inc.; M,, = 1000)
was degassed in vacuo at 55°C and 600 Pa (4.5 mmHg)
for 3 h to remove any absorbed water.

Synthesis of 4-methoxy-4'-hydroxybiphenyl (Mes)

The synthesis of the mesogenic unit (Mes) was re-
ferred to the method described in some former litera-
ture.?’”° The reaction is given in Scheme 1.

Synthesis of 1-bromo-n-(4-methoxy-biphenyl-4'-
oxy) alkane (C,Mes)

This compound was synthesized according to the lit-
erature data® and is also shown in Scheme 1. The
purity of the obtained product was verified by thin-
layer chromatography and NMR analysis. The com-
pound synthesized from Mes and 1,6-dibromohexane
was designated CiMes. The yield was about 80%.
CgMes was prepared in a similar manner, also with a
yield of about 80%.

Synthesis of the segmented PUT

PU was synthesized by a two-step technique (Scheme
2). The isocyanate-terminated prepolymer was pre-
pared by the reaction of 20.0 mmol of MDI and 10.0
mmol of PTMG in 70 mL of DMF at 80-85°C for 3 h.
This solution was then chain-extended with 10.0 mmol
of a TMP (in 15 mL of DMF) solution at the same
temperature for another 3 h to obtain the PUT.

Yield: 85%. Fourier transform infrared (FTIR; KBr,
cm™1): 3400-3200 (vo_gy), 3300 (vnp1), 1732 (Ve—o,
free), 1712 (vc—o, hydrogen-bonded), 1110 (v-_o,
C—0—C). '"H-NMR [8, ppm, deuterated chloroform
(CDCly)]: 1.62 (t, —OCH,CH,), 3.41 (m, —OCH,CH,),
3.87 (s, Ph—CH,—Ph), 4.16 [s, C(=0O)OCH,], 4.30
(broad, —CH,0OH), 7.07, 7.26 (m, phenyl), 9.48 [s,
NH—C=0)O].
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Scheme 2 Synthesis of SCLC segmented PUs.

Synthesis of C,PUT

A solution containing 4.90 g (ca. 3.00 mmol of the
—OH group) of PUT in 25 mL of dry DMF was added
with 3.00 mmol of C;,Mes and then with 3.00 mmol of
sodium hydride drop by drop. The reaction was
stirred at 70°C for 1 day. The solution was poured into
methanol to precipitate the polymer. The product was
extracted with chloroform several times to remove
CcMes and was dried in a vacuum oven to obtain the
SCLC PU. This polymer was designated C,PUT. Sim-
ilarly, the SCLC PU prepared from CgMes was desig-
nated CgPUT. The reaction is given in Scheme 2.

C,PUT

Yield: 78%. FTIR (KBr, cm™'): 3300 (vn_y), 1732
(ve—o, free), 1712 (vc—o, hydrogen-bonded), 1274
(ve—o, Ph—O—C asymmetric), 1244 (vc_o,
Ph—O—C symmetric), 1110 (vo_o, C—O0—C), 824
(8c_43, p-disubstituted aromatic). "H-NMR (8, ppm,
CDCl,): 0.90 (t, —CH,CHj;), 1.25 (q, —CH,CHy), 1.62
(t, —OCH,CH,), 1.20-1.73 [m, —CH,(CH,),CH,—],
341 (m, —OCH,CH,), 3.44 (t, —CH,—Br), 3.84 (s,
Ph—OCH,), 3.87 (s, Ph—CH,—Ph), 4.00 [t
Ph—OCH,—], 4.16 [s, C(=0)OCH,], 7.09, 7.27 (m,
phenyl of the main chain), 6.95, 7.46 (m, phenyl of the
side chain), 8.51, 9.48 [s, NH—C(=0)O].

C,PUT

Yield: 77%. FTIR (KBr, cm™"): 3300 (vn_s1), 1732 (ve—o,
free), 1712 (v——o, hydrogen-bonded), 1274 (vc_o,
Ph—O—C asymmetric), 1244 (v-_o, Ph—O—C sym-
metric), 1110 (ve_o, C—0—C), 824 (8_y;, p-disubsti-
tuted aromatic). '"H-NMR (8, ppm, CDCl,): 0.90 (t,
—CH,CH,), 1.25 (q, —CH,CH;) 1.62 (t, —OCH,CH,),

120-1.73 [m, —CH,(CH,),CH,—], 341 (m,
—OCH,CH,), 3.45 (t, —CH,—Br), 3.82 (s, Ph—OCH,),
3.87 (s, Ph—CH,—Ph), 4.00 [t, Ph—OCH,—], 4.16 [s,
C=0O)OCH,], 7.09, 727 (m, phenyl of the main chain),
6.96, 748 (m, phenyl of the side chain), 8.51, 948 [s,
NH—C(=0)O0].

Characterization

IR spectra of the samples were obtained with a Bio-
Rad FTS 165 FTIR spectrometer. The spectra were
obtained over a frequency range of 4000-400 cm ™' at
a resolution of 4 cm ™.

The synthesized compounds and polymers were
dissolved in CDCl, and then characterized with 'H-
NMR or *C-NMR with a Varian Unity Inova-500 FT-
NMR spectrometer.

The qualitative solubility was determined with
0.01 g of a sample in 2 mL of a solvent.

The number-average (M,,) and weight-average (M,,)
molecular weights and molecular weight distributions
(M,,/M,)) were determined by gel permeation chroma-
tography with a Waters liquid chromatograph (Mil-
ford, MA) equipped with a 410 RI detector and three
w-Styragel columns with DMF as the carrier solvent.

Inherent viscosity (m;,,) measurements were taken
at a solution concentration of 0.5 g of polymer/100 mL
of solvent at 30°C with a Cannon-Fenske viscosimeter
(State College, PA).

The water uptakes of PUs were measured from a
weight increase after the immersion of the specimens
in deionized water for 48 h at room temperature.

Stress—strain data of urethane copolymers were ob-
tained with a universal testing machine (AGS-500A
series, Shimadzu, Tokyo, Japan) with a 10-kg load cell
and film grips. The crosshead speed was 50 mm/min.
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TABLE 1
Solubility® of C,Mes and Segmented PUs
Solvent
Sample DMF DMSO CHCl; MIBK THF Acetone
C,Mes 2 2 4 0 2 2
PUT 4 4 1 0 1 0
CPUT 4 2 1 0 0 0
CgPUT 4 2 1 0 1 0

* A scale for the different degrees of solubility was as-
signed as follows: 0 = insoluble; 1 = swelling; 2 = slightly
soluble when hot; 3 = soluble when hot, precipitating when
cold; 4 = soluble when hot; 5 = soluble when cold.

The measurements were made at room temperature
with a dumbbell sample (1.2 cm X 0.4 cm).

Differential scanning calorimetry (DSC) thermo-
grams from 50 to 230°C were obtained during second
runs after the thermal history was released with a TA
Instruments Modulated DSC 2920 analyzer (New Cas-
tle, DE) at a heating rate of 5°C/min under a dry
nitrogen purge.

Wide-angle X-ray diffraction (WAXD) diffracto-
grams were obtained on a Rigaku Geiger Flex D-Max
III (Tokyo, Japan) with Ni-filtered Cu K« radiation (40
kV and 15 mA) in 0.05° steps from 2 to 60° the
scanning rate was 4°/min.

The optical textures of the mesophases were studied
with a Zeiss polarizing optical microscope
(Oberkochen, Germany) (magnification = 10 X 20)
fitted with a Linkam THMSE 600 heating stage (Surrey
UK) at a heating or cooling rate of 5°C/min. Thin films
of the polymers obtained by melting between slides
were investigated.

Thermogravimetric analysis (TGA) experiments of
the urethane copolymers were carried out on films
placed in a platinum sample pan with a TA Instru-
ments SDT-2960 analyzer. Sample films ranging from
4 to 5 mg were cut into small pieces, loaded into the
platinum pan, and sealed in the sample chamber. The
samples were heated from 50 to 600°C under a nitro-
gen atmosphere at a rate of 10°C/min.

RESULTS AND DISCUSSION
Design and synthesis

The preparation of Mes and C,Mes was conducted
according to the reaction shown in Scheme 1. The
starting reagent for synthesizing the mesogen was
DHBP because of the presence of a biphenyl unit.
Subsequently, to obtain the C,Mes mesogen, dibro-
moalkane was used for the Sy2 substitution reaction.
The spacer length could be controlled by dibromoal-
kane.

The chemical structures of the products mentioned
previously were identified, and the progress of the
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reactions was monitored primarily with FTIR spec-
troscopy. "H-NMR was used to verify the conclusions
drawn from IR analysis for all samples.

The synthetic route of PUT and C,PUT is outlined
in Scheme 2. The SCLC PUs were designed to provide
a phase-segregated morphology so that the pendent
liquid-crystalline groups in the chain extender could
exhibit liquid-crystalline behavior while being an-
chored by the hard domains. As shown in Scheme 2,
the preparation of PUT was conducted in a two-step
process derived from the conventional prepolymer
technique, and a typical PUT with PTMG as the soft
segment and MDI-TMP as the hard segment was syn-
thesized. TMP was used as a chain extender and was
considered part of the hard segment. There was a
pendent hydroxy group in the chain extender of each
repeat unit for further reaction with C,Mes into a
liquid-crystalline side chain.

The different behaviors of PUT and C,PUT in some
solvents confirmed the attachment of the mesogenic
moiety on the PU backbone as well. The qualitative
solubility of C,Mes, PUT, and C,PUT in various sol-
vents is shown in Table I. Because C,Mes was more
soluble in chloroform than C,PUT, the purification of
C,PUT polymers from the unreacted C,Mes mono-
mers was performed by repeated extraction with chlo-
roform. The purity of the obtained polymer products
was verified with FTIR and NMR analysis. On the
other hand, because of the presence of more polar
hard segments, PUT and C,PUT were more soluble
than the mesogens in aprotic polar solvents such as
DMF. However, for an even higher aprotic polar sol-
vent, DMSO, C,PUT was less soluble than PUT be-
cause of the attachment of C,Mes to the hard segments
of PUT.

The n,,,, and water-uptake results of the synthesized
PUs are shown in Table II. C,,PUT had lower viscosi-
ties than linear PUT in DMF. If the solubility of a
polymer in a solvent decreases, the polymer is ex-
pected to coil up to maximize the polymer—polymer
interactions. Hence, when the C,PUT polymers at-
tached to less soluble side chains were dissolved in
DMF, m;, was lower. On the other hand, a longer
spacer length in the side chain increases the hydrody-
namic volume of a polymer. Hence, CsPUT had a
higher viscosity than C,PUT. In comparison with the

TABLE 11
Properties of Segmented PUs
Water
Polymer M, X 1072 PDI  m,, (dL/g)*  content (%)
PUT 313 1.63 0.68 44
C,PUT 358 1.78 0.42 7.8
CgPUT 393 1.53 0.46 6.4

@ At 30°C in DMF.
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Figure 1 FTIR spectra of PUT, C,PUT, and CPUT.

water uptake of typical linear PUT, the higher water
uptakes for C,PUT and CgPUT suggested that the
attachment of side chains increased the free volume of
the polymer. However, a longer side chain due to a
longer spacer length increases the entanglement of
polymer chains and reduces the free volume between
polymer backbones. Consequently, the water uptake
for CgPUT was lower than that of C,PUT.

IR and 'H-NMR characterization of PUT and
C,PUT

Typical IR spectra of PUT and C, PUT are illustrated in
Figure 1. The IR spectra of the SCLC PUs are similar.
For both polymers, the absorption bands show the
characteristic absorptions of typical PUs. The major
NH band at 3300 cm ™' is attributable to the N—H
band with bonded hydrogen. The carbonyl absorption
of the urethane groups is split into two peaks at 1732
and 1712 cm ™!, which can be assigned to free and
hydrogen-bonded urethane carbonyl groups. The
band at 1110 cm ™' is assigned to the C—O—C absorp-
tion in the soft segment. Furthermore, the peaks at
1274 and 1244 cm ™' are ascribed to the asymmetric
and symmetric stretching of Ph—O—C, and the peak
at 824 cm ™' is due to C—H out-of-plane bending in
the biphenyl unit. These results indicate that the
chemical structure of C,,PUT was in accordance with
our design.

'H-NMR analysis of PUT and C,PUT confirmed
the attachment of the brominated mesogenic group
to the starting PU. Because the spectra of the two
SCLC PUs are similar, the spectrum of C,PUT is
shown as a representative example in Figure 2. In
the spectra of PUT and CPUT, the peaks at about
8.51 and 9.48 ppm are due to the N—H protons of
urethane linkages. The aliphatic protons of the
PTMG unit existing in —OCH,CH, and —O—CH,
appear at about 1.62 and 3.41 ppm, respectively,
whereas —O—CH, adjacent to the urethane groups
can be observed around 4.16 ppm. For PUT, two
multiplets corresponding to aromatic protons from
MDI units can be observed at 7.07 and 7.26 ppm.
When PUT was reacted with C/,Mes and trans-
formed into C,PUT, two multiplets at 6.95 and 7.46
ppm appeared and were attributed to resonances of
aromatic protons in the biphenyl units. The reso-
nance peaks at about 3.84 and 4.00 ppm, corre-
sponding to aliphatic protons in —Ph—O—CH; and
—Ph—O—CH,— were also observed.

Tensile properties

The stress-strain curves for PUT and C,PUT are
shown in Figure 3. All the samples showed elasto-
meric behaviors of typical segmented PUs and were
thermoplastic elastomers. In contrast, the higher initial
modulus for both SCLC PUs may have been due to a
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Figure 2 '"H-NMR spectra of PUT and C,PUT (a representative example of C,PUT) in CDCl,.

higher weight ratio of hard segments. Hence, both
elastomers were more rigid and exhibited smaller ex-
tensibility than PUT. On the other hand, the higher
tensile strength and extensibility of PUT may be at-
tributed to a higher degree of phase separation in the
linear material.

DSC

As shown in Figure 4, the DSC heating curves of both
C,,PUTs show a broad peak at about 175-220°C, which

can be ascribed to a complex behavior arising from
several transitions. Reasonable transitions may occur
in this region, including a continuous melt of the side
chains from partial crystallization or an amorphous
state and the subsequent formation of a liquid-crystal-
line phase, a liquid-crystalline phase to an isotropic
transition, and a continuous melt of the polymer back-
bones at higher temperatures. The interchange be-
tween the endothermic and exothermic behaviors re-
sults in the flat and broad transition peak. Because the
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mesogenic side chains attached to the chain extenders
were hard to completely crystallize for a precise melt-
ing point, the transition corresponding to the side-
chain crystal to the liquid-crystalline phase was not
observed.

In the cooling sequences, there is one exothermic
peak at 165°C for C,PUT and 166°C for CgPUT, which
can be ascribed to the isotropic-to-liquid-crystalline
phase transition. Similarly, in the lower temperature
region, no crystallization peak of the side chains can
be observed for the samples. Because the mesogenic
groups were attached in the side chain, the reason
might be that side chains attached to the chain extend-
ers of the hard segments were not easy to orient to
crystallize because of incomplete phase separation
(i.e., phase mixing) in the segmented PUs. Hence, the
transition was very slow, with an undetectable en-
thalpy change. As a result, the crystallization was not
detected in the heating and cooling sequences. This
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Figure 5 WAXD diffractograms of PUT, C.PUT, and
CgPUT quenched in a dry-ice/2-propanol bath from 180°C.

was also confirmed by polarizing optical microscopy
(POM) investigations.

Phase behavior in WAXD measurements

WAXD was used to verify the existence of a liquid-
crystalline phase. The diffraction patterns were ob-
tained through the heating of these samples to 180°C
and their quenching in a dry-ice/2-propanol bath. The
diffractograms of C,PUT and CgPUT are shown in
Figure 5. In comparison with the pattern of PUT, the
X-ray diffraction patterns for both samples indicated

CgPUT heating =
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T CgPUT cooling
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~ CgPUT T lin
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E —————— N T T T T 4
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Figure 4 DSC heating and cooling traces of C,PUT and CgPUT.
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Figure 6 Optical textures of C,PUT between crossed po-
larizers observed at 165°C upon cooling (original magnifi-
cation = 10 X 20).

that the liquid-crystalline phases were exhibited, as a
sharp peak reflection can be observed in the small-
angle region. The low-angle peak (20 = 6.45°) of
C,PUT indicates a d-spacing of 13.7 A, whereas the
peak (260 = 7.25°) for CgPUT corresponds to a spacing
of 122 A. The two peaks suggest that some very
regular interchain spacing of the side chains remained.
This may correspond to higher order liquid-crystalline
phases, such as smectic or smectic-like soft crystal
phases.

Optical texture analysis

The POM investigations of C,PUT revealed well-de-
veloped striated, fan-shaped textures in the liquid-
crystalline phases, which suggested the formation of
mesophases of a smectic type (Figs. 6 and 7) in com-
bination with the WAXD measurements. The textures
were obtained upon the cooling of the isotropic phases
to 155°C for both samples. The temperature was close
to those transition peaks observed in the cooling se-
quences of the DSC curves.

TGA

The thermal stability for PUT and C,PUT in nitrogen
is illustrated in Figure 8 and Table III. The TGA curves
for C,PUT and CgPUT show a two-step mechanism for
the degradation, which is quite different from the
one-step degradation mechanism of PUT. In addition,
the temperature at which 10% weight loss occurred
(T199,) can be ranked according to the different side-
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Figure 7 Optical textures of CsPUT between crossed po-
larizers observed at 166°C upon cooling (magnification = 10
X 20).

chain attachments in the following order: PUT
> C,PUT > CgPUT. Because it has been indicated that
the initial degradation occurs in the hard segments,*
this may imply that the hard segment attached by a
side chain has a different degradation mechanism
with that of typical linear PUs. The presence of meso-
genic side chains in the hard segment may reduce the
thermal stability of segmented PUs.

In comparison with the curves for C,PUT and
CgxPUT, Figure 8 clearly shows the degradation for
PUT was more rapid, and the temperature at which
50% weight loss occurred (T5q.,) was lower than those
of C,PUT and CxPUT. In the second stage, it has been

129
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Weight (% )

-3

100 200 300 400 500 600
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Figure 8 TGA curves of segmented PUs under a nitrogen
atmosphere.
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TABLE III
Characteristic Temperatures on the TGA Curves

Degradation in nitrogen

Sample T4 (°C) Ts09, (°C)
PUT 330 407
C,PUT 328 423
CgPUT 317 425

indicated that degradation is caused by the soft seg-
ments.>> Hence, the degradation in this stage may be
attributed to the fact that the side-chain attachments
hindered the degradation of the soft segments. A
longer side chain had a larger hindrance effect. Con-
sequently, Tsg,, increased in the following order, as
shown in the figure: PUT < C,PUT < CgPUT.

CONCLUSIONS

A new synthetic route was examined to obtain
C,PUTs through the attachment of mesogenic mono-
mers to the chain extender of the PU backbone. The
complete synthetic technique and the structural char-
acterization of methoxybiphenyl liquid-crystalline
PUs with spacers of six and eight methylene units
were presented. The different solubilities of SCLC
PUs, with respect to that of the linear starting PU, in
some solvents confirmed the attachment of the meso-
genic moiety on the PU backbone as well. For both
SCLC PUs, different spacer lengths in the side-chain
mesogen affected their water uptakes and m;,;, values.
The tensile properties indicated that both SCLC PUs
were thermoplastic elastomers and had smaller exten-
sibility than the linear starting PU. DSC curves upon
cooling, WAXD studies, and POM investigations in-
dicated that both SCLC PUs exhibited thermotropic
liquid-crystalline behavior and a smectic texture. The
TGA results for these polymers suggested that the
liquid-crystalline segments greatly influenced the
thermal stability of the SCLC PUs.
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