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Abstract

Polyurethanes containing polytetramethylene oxide soft segments and hard segments with
azobenzene mesogemjooups were synthesized. Theietimal transitions were
characterized by differential scanning calorimetry, while the dissociation ohHishwith
temperature was characterized by Fourier transform infrared spectroscopy. X-ra
diffraction patterns at room temperature were also carried out.

INTRODUCTION

Polyurethanes are, in most cases, block copolymers composed of soft polyester or
polyether segments and hard segments, formed by diisocyanates and low molar mass
diols. These segments differ in polarity and, consequently, are more or less phase
separated. The introduction alditional polar goups into the hard segments promotes
phase separation even more. Due to their special mechanical properties, phase separated
materials are indispensable in some areas of application.

Over the pastfew years, liquid crystalline materials have been studied extensively and

have gained great importance due to their unique mechanical, rheologicatiead op
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properties. Their special properties have been successfully employed, for example, in
information technology. Side chain liquid cnjbte polymers are processable and
soluble as basic polymers, while the mesogenic units inidleechains can be ordered,
e.g. by magnetic field. However, once the magnetic field has been switched of, they are

prevented from moving out of alignment by thdypeer backbone.

Three structural parts of side chain liquid crystallimg/mers influence their properties:

the polymer backbone, the flexible spacer and its length, as well the mesogenic unit and
the end group in its para position. Severalpgra have been published which
systematically investigate thefluence of the above-mentioned structural parts on the
liquid crystalline properties ofde chain liquid crystiine polymers [1-4], altough few

of them refer to the polyurethane backbone. A systematic investigation of polyurethane
side chain liquid crystime polymers has been undertaken hig taboratory$-10] and

the present work is a part of this study.

As previously mentioned, microphase separationnswk in some copolymers and
polymer blends, but it is also characteristic of some liquid diystgpolymers as a
consequence of differences in the chemical structure of individual structural parts of the
polymer moleculei.e. between the polymer backbone and mesogeiiis.urhe driving

force of microphase separation is the thermodynami immiscibility of the random coil of
the polymer bekground (matrix) and the rigid mesogeniatsrierding to order. In side

chain liquid crystalline polyurethanes, microphase separated materials show, besides
other thermal transitions, two glass transition temperatures: one for thEemada
movement of soft segments of ghayurethane backbone and the other for thalgned

movement of hard segments aide chains.

In recent publications, we have deBed liquid crysttine side chain (LCSC)
polyurethanes with hard segments only, prepared from diisocyanate and mesogenic
diols [5-9]. In the present work, we report on the invettigeof segmented LCSC
polyurethanes with differing amounts of polytetramethylenedeox(PTMO) soft

segments. By introducing soft segments into the polyurethane backbone, phase
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separation was expected to occur, while maintaining liquid crystalline properties in the

hard segment part of the material.

EXPERIMENTAL

Synthesis

Polyurethanes (denoted as C6CNPTMOX polyurethanes), synthesized according to the
scheme (PTMO-HD}(C6CNPO0.95)-(HDI-PTMQ), were prepared from a-[bis(2-
hydroxyethyl)Jami ]-w-(4-cyanoazobenzene-4'-oxy)hexane (Cn6-ditd), synthesis has

been described elsewhere [5]; hexamethylenediisocyanate (HDI), Fluka; and different

amounts of polytetramethylene oxide (PTMO), BASE, 100 g/mol, in three steps.

In the first step, the hard segmented polyurethane C6CNPO0.95 was prepared in the
following way:

Cn6-diol was dried i vacuo at 40 for 10 hours. 1.0609 g of dry Cn6-diol and 0.4129

g of HDI (mole ratio diol : HDI = 1 : 0.95) were weighed in a 50 mL rounitiolbeed

flask. The reaction mixture was diluted with dimethylformamide (DMF) to a 15 wt. %
solution and the catalys dibutyltin dilaurate (0.2 wt. % with respect to the diol) was
added. All the reagents were weighed in a dry box to avoid water contamination. After
removing of the dry box, the flask was equipped with a drying tube. Théoreanxture

was stirred by a magnetic stirrer at°@for 3 hours. The course of the reaction was
followed by FTIR spectroscopy. The reaction was considered to be concluded when the
NCO-band at 2274 cindisappeared. Polyurethane wascjmi¢ated from the reaction
mixture in ethanoland air dried. Its compios was examined by elemental analysis,
while molar mass distributions and polydispersity were measured by size exclusion

chromatography.

In the second step a NCO prepolymer of C6CNPO0.95 was prepared:
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1.4738 g of C6CNPO0.95, 0.2696 g of HDI, catalyst (0.2 % with respect to C6CNP0.95)
and DMF (15 wt. % solution) were weighed in a 50 mL rounidolbeed flask in a dr

box and the reaction was performed at@@r 3 hours.

In the third step PTMO was added to the C6CNP0.95 prepolymer in molar ratios
prepolymer : PTMO = 1:1 (C6CNPTMOL),

prepolymer : PTMO =1:0.5 (C6CNPTMOO0.5), or

prepolymer : PTMO =1: 0.25 (C6CNPTMO0.25)

in a dry box and the reaction was run again at°C for 3 hours. The synthesized
polyurethanes were dried in air for one month and then for an additiorfadu8 at

room temperature in a vacuum dryer. Their average molar masses and polydispersity are

givenin Table 1.

Table 1. Weight average molar masses ( My ) and polydispersities ( Mw /Mn)
of C6CNPTMOX polyurethanes.

Mw x 10 (g/mol) Mw /Mn
C6CNPTMO1 53 7.1
C6CNPTMOO0,5 48 7.3
C6CNPTMOO0,25 53 7.5

Methods

Size exclusion chromatography (SEC)

The measurements were performed on a modular Perkin Etoet chromatograph

with a UV detector. prestumn, a PL gel column Med (30 cm x 7 mm, ptcle size 4

- 5 mm, with a linear range of molar masses between 500 -ab@f §/mol, Polymer
Laboratories), and THF as an eluent (1 mL/min) were used. The calibration was
performed with polystyrene standards (Toyo Soda Manufacturing) in the molar mass
region of 500 - 3.710° g/mol.
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Differential scanning calorimetry (DSC)

The measurements were made on a Perkin Elmer DSC 7 differential scanning
calorimeter. All samples were treated in the same way: The sample was placed into the
sample holder at °C, cooled to -50C, maintained at -5 for 3 min, heated to 158G,
maintained at 15 for 3 min, cooled to -5, maintained at -3C for 3 min, and then

it was reheated once again, all at a scan rate of 10 K/min. Glasddratetiperatures

(T, all other transition temperatures, and the enthalpies given in the tables were average
values of at least two measurements taken at the second heating and cabing cy

respectively.

Fourier transform infrared spectroscopy (FTIR)

Infrared spectra at various temperatures were scanned by a Perki Elmer FTIR 1725 X
spectrophotometer equipped with a Spectra-Tech heating cell. The resolution was 4
cm’. The sample was pressed between two NaCl crystal plates and heated to the desired

temperature in the heating cell.

X-ray diffraction

X-ray diffraction patterns were done on a Siemens D-5000 Diffractometer usingoas CuK
light (A\=1.54A) in 0.02 steps from 1-30(in 20) with 2 s and from 1-12(in 20) with
20 s. The measurements were carried out on free standing unoriensegrepared by

casting the samplesin a 0.5 mm thick form at°t:0
RESULTS AND DISCUSSION
The synthesized polyurethanes are phase separated compounds, so theyshoy two T

one of the movement of the polymeric backe (soft segments) and the other of the

movement of the hard segments and tide €hains. The DSC curves of the second
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heating of the samples at two heating rateSCmin for the determination of jTand
10°C/min for determination of other thermal data) are shown in Figure 1 with the
corresponding taperatures and entlpees given in Table 2. Glass transitions of PTMO

soft segments (l) occur in the temperature range betweeric7dand -69C, while the

glass transitions of the hard polyurethane segment$ ¢&n be seen betweefCland

10°C. This is followed by a weakly expressed endothermic transitipnn(Table 2),
exothermic cold crystallization and endothermic transition, whieliddoe due to the
dissociation of H-bonds (FTIR measurements) and to the melting of hard segments of the

polymer backbone.
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Figure 1. Normalized DSC curves of the second heating of C6CNPTMOX polyurethanes
in two temperature ranges: A - heating rate 6C2@in, B - heating rate of 1G/min



49

Table 2. Temperatures (T) and erpies ( AH) of the phase transitions of
C6CNPTMOX polyurethanes at the second heating with a rate’@frhih. The shaded
values (T1) were obtained at the second heating with a rate &/2@n.

Tgl ACpl ng ACpZ T AHq T, AH, T; AH4
(O) /gK) (C) (lgK) (O) (Ilg) (C) (lg) (°C) (lg)

C6CNPTMO1 -69 0.19 1 0.85 28 1.1 53 -115 106 129
C6CNPTMOO0.5 @ -72 0.20 7 0.72 32 035 59 -125 107 156
C6CNPTMO0.25 -74 0.06 9 034 32 080 65 -185 107 17.2

The DSC curves of the thermally treated samples (held for 5 minutes &,16@&n

cooled to room temperature where they were held for at least 7 days) are shown in
Figure 2 and the corresponding temperatures and enthalpies of the phasensans

Table 3. The endothermic transitionsamnd 33C (T,) are ascribed to the melting of soft
segments; their enthalpy decreases with decreasing amounts of the soft segments in the
C6CNPTMOX polyurethanes, as shown in Figure 3. The enthalpy of the endothermic
phase transition around %1 (T,) increases with increasing amounts of hard segments.
The transition could be ascribed to the isotropization of the mesogéisicamd,
possibly, to the melting of the side chains. The endothermic transition at the highes

temperature (J) is ascribed to the melting of hard segments (dissociation of H-bonds).

Table 3. Temperatures (T) and erpies ( AH) of the phase transitions of
C6CNPTMOX polyurethanes at the second heating at a rate°Gfri, followed by

heating for 5 minutes at 15, then cooling to room temperature where they were held
for at least one week.

T A Tt AH T AH, Ts  AHg
) Qg () (g () (g (C) Jlg)

C6CNPTMO1 7 3.6 33 4.3 51 0.3 105 13.9
C6CNPTMOO0.5 9 3.9 33 0.3 51 15 107 18.9
C6CNPTMOO0.25 7 0.9 50 3.1 107 21.3
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Figure 2. Normalized DSC curves (X@'min) of C6CNPTMOX polyurethanes with the
following thermal history: heated for 5 minutes at 190, then cooled to roo
temperature where they were held for at least one week.
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Figure 3. The dependence ofH; and AH, on the composition of CGCNPTMOX
polyurethanes.
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FTIR spectra of C6CNPTMO1 in the C=0 stretching region, taken at different

temperatures, are shown in Figure 4. Shifting of the wavenumber in the C=0 stretching
region (A) and in the N-H stretching region (B) for different CEONIOX

polyurethanes are shown in Figure 5. A large percentage of the H-bonds dissociates in

the temperature range between 90 and@20
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Figure 4. FTIR spectra of C6GCNPTMOL1 polyurethane at different temperatuf€y T (
in the C=0 stretching region.
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Figure 5: Shifting of the wavenumber in C6CNPTMOX polyurethanes: A - in the C=0
stretching region and B - in the N-H stretching region.
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In Figure 6 X-ray diffraction patterns of the samples are shown. As a comparison, the
diffraction pattern of the saple without any soft segments, C6CNP, is given. In the
small angle region, the diffractogram of C6CNP showed three Bragg reflections of the
first, second and third order corresyling to the smeic layer spaing (d) 35.3A [6].

The value d was almost twice the length of the fully extended mesogenic unit together
with the spacer (trans-planar comf@tion) indicating that  smectic phase of a bilayer
structure was formed. In the wide-angle region, a diffuse signal at the periodicity of 4.3
A ascribed to the lateral disorder of mesogenic units withi @magers and a sharp
signal at the periodiy 3.6 A, which might be due t interchaiistances of the side
chains (side chain crystallization), was spgnIn the diffraction ptterns of the samples
containing PTMO(C6CNPTMO1, C6CNPTMOO0.5, and C6CNPTMO0.25), the signals
in the small angle region were not seen. This is not necessarily due to the loss of liquid
crystallinity, but could also bdue to the lower concenti@an of hard segments in the
sample, which are associated in domains (PTMO has a high molar mass in comparison to

the hard segment). In the wide angle region only the diffuse signals aroufiovére

found.
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Figure 6: X-ray diffraction patterns of CGCNPTMOX polyurethanes at roo
temperature.
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SUMMARY

Phase separated polyurethanes containing hard segments wit azobenzene mesogenic
groups in the side chain and PTMO soft segments haveglas® transition
temperatures, one between*Z4and -69C for the PTMO soft segments and the other
between 1C and 10C for the hard polyurethane segments. The endothermic transition
around 51°C could be ascribed to the isotropization of the mesogenic units and to the
melting of the side chains. The endothermic transition around°COdre due to the
melting of hard segments. The melting enthalpy increases with increasing amounts o
hard segments in the sample. The dissociation of the H-bonds at this temperature is also
seen in the FTIR spectra. The liquid cristily of the samples could not be confirmed

by X-ray spectroscopy, which need not necessarily be ascribed tostheofl liquid
crystallinity by the intoduction of soft sgments into the polyurethane. It could also be

the consequence of the weakening of the signal by the dilution of hard segnmeaitssdo

in segmented polyurethanes (the molar mass of PTMO is large compared to the molar

mass of the hard segment).
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Povzetek

Sintetizirali smo poliuretane iz trdih segmentov, ki vsebujejo azobenzenske mezogene enote, in
politetrametilen oksidnih mehkih segmentov.diferen¢no dinami¢no kalorimetrijo smo jim
dolotili termi¢ne karakteristike, s FTI spektroskopijo pa smo opredelili disociacijo vodikovih
vezi v vzorcih v odvisnosti od temperature. Posneli smo rentgenske difraktograme pri sobni
temperaturi.



