Liquid crystal polymers under fire
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There are many types of molecules
which show an intermediate {or meso-)
phase before they carystallize on cooling.
The molecules in these msophases behave
like liquids and flow, but ako edibit the
anmsotropic properties of arystals such as
birefringence and the molecular order
that can scatter X-rays. Such low mo-
lecular weight compounds can form
anmsotropic molecules and have been
known for more than 100 years as liquid
arystals (LOL

From the beginning, LC material re-
search has been a fantastic adventure for
sdentists and not without reason. F.
Reinitzer desarbed [1] his new com-
pounds when observed under a micmo-
soope as lving matenials and there are
indeed several important biological sys-
tems based on liqud crystallme order.
Since that ime many thousands of me-
sogens have been synthesized thanks to
the boundless imagination of chemists.
From 196 omwards, the invention of ef-
fective electro-optical displays based on
L' has increased research sigmificantly
in new directions.

Low molar mass liquid crystals have
become everyday items and there are
now attemnpts to explott L polymers be-
cause of their advantages in displays, op-
tical devices and other applications (e.g.
the solidification and vitrification prop-
erties allows drawing these matenials
into complex shapes with inherent
anmsotropy ). There are many different
ways of attaching the mesogenic groups
to a polymer backbone. Figure 1 shows a
schematic of the two standard LC paoly-
mers. These polymers can form films,
make high modulus fibers and produce
oatmgs with speaal features for differ-

entrequirements. They are already used
n such widely different technologies as
dizplays and high modulus composites.

Despite the comsderable technological
progressin the synthesis and pocessing
of polymers, there 15 little known about
the basic principles of misotropic mol-
ecules which possess certain me-
sophases, that is, occupy different ar-
rangements in the LC state. Part of this
lack of understanding is due to the many
ways in which LC palymers can be con-
structed and the effect this structure has
on LC behavior. In particular this & re-
flected in the absence of solid state struc-
ture analy=is of sde-gmup polymers
whereas many structumes of crystalline
main chain polymers were solved.

For structural applications of LC side-
group polymers, attention has been paid
almost exclusively to thetr mechanical
properties. In this case, the question of
the basic relatiomship betwesn molecular
and macroscopic behavior s of second-
ary importance. However, to obtain
more knowledge about the pmessing of
such matenals for new developments in
holography, electro-optical devices [2] or
light induced data storage, the entire
structure must be very well understood
|3.4]. To understand LC behavior, the
moleqular structure and orgamzation of
each molkcular component of the poly-
mer chain 15 impaortant [5,6].

Them are also advantages to having
materials with properties between the
lonwr molar mass liquid crystals and LC
polymers for adustng such behavior as
relaxation times on switching in external
fields. For this reason aligomenic liquid
crystals and compounds based on cyclic
backbones with low molecular weights
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{Fig. 1) Schemastic drawing of & meain chain fop)
and sids-group LC pokmer.

ame being designed which exhibit an ad-
vantageous combination of glass forming
and low melt viscosity properties. Thess
olignmers (in farroeedne form) are able
to switch as fast as low moleoular weight
compounds and still exhibit the behavior
of polymers [7]. To date it is not possible
to predict a pnion the land or number of
LC phases from a given architecture even
with all the data available. This skill
would be a strong advantage to our pro-
gram for the synthesis of new LC paly-
mers and oligomers. [twould enable the
tatloring of new mateniak with speaal
prperties fora variety of uses.

With the use of fast, real-time obser-
vations like those made possible by syn-
chrotron sources, a new window is open-
ing not only on the time scale of mea-
surement but alo on a new understand-
ing of the nature of LC polymers. One of
the dreams of a palymer crystallogra-
pher, to follow static and dynamic be-
havior and to observe those results s+
multaneously, can now be realized. We
can now directly monitor the esponse of
a polymer LC under applied external
electnc fields, for example. Within a few
days, data is available which might usu-
ally take months or years to be collected.
It is thus our primary aim with the
CHESS work to gain more msight into
the dynamics and structure-property re-
latiomships of LC compounds.

We had several days of beamtime
available last fall. Like all CHESS runs,
there wem some unexpected develop-
ments while debuggng our equipment.
For example, with the modifications to
Al, the new hutch size required changes
to our usual procedumes and experimen-
tal setup. Crur prized Huber varushed
and with the help of the excellent CHESS
staff we pieced together what we needed
and could study our materials with the
device shownin Fig. 2.
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There is much data available on the
switching behavior of LC materials in E-
fields by polarizing optical microscopy
(POM ) which has been extensively used.
With this method the molecular sbructure
is not probed but only the macro struc-
ture of the investigated system ie. bire-
fringence before and after switching.
With our experimental setup it is now
possible to look at the microstructure of
the system where we can directly follow
the motion of molecules on switching,

The Mettler hotstage is used both for
heating samples and for mounting elec-
trodes. With this arrangement it was
possible to investigate the polymers in
the different LC phases. Furthermore,
frequency and voltage were simulta-
neously applied to study the alignment
of liquid crystal materials. The elec-
trodes are separated by a 120 - 150 mi-
cron thick Kapton™ film. With an AC-
field of about 1V /micron, low molecular

weight compounds, oligomers
and polymers could be oriented
easily.

The samples were loaded
into the 150 micron gap between
electrodes where the polymer
was held by capillary forces.
From a previous CHESS run it
was known that low molecular
weight compounds and oligo-
mers such as cvelosiloxanes
(Fig. 3) with a molar mass not
higher than 3000 g/maol were
suitable for aligning in the ap-
plied E-field of 1V/ micron [8].
For one of these eyvclic siloxanes
we again found switching on
changing the frequency of the applied
field, but we were all awake even at 2
AM. when on cooling the sample
changed orientation by 90° without
changing frequency (Fig. 4). With a
phase transition from nematic to smectic
C, the side-groups changed their direc-
tion from a homeotropic b planar orien-
tation. This process is reversible, and
only observable using real-time diffrac-
tion techniques. Aside from changing
our fundamental understanding of liquid
crystals, this observation could in the fu-
ture affect display and certain memory
technologies.

Based on our experience, it was
doubtful whether linear polymers with
polar end groups attached to the side-
groups would show similar results. Fig-
ure 5 shows the structure of the
poly(malonate) investigated. Neverthe-
less, the surprising response of the
evelosiloxane and the strong dipoles
built into the poly(malonate) prompted

us to again examine the effect of electric
field on the LC polymer.

The X-ray patterns of the poly-
(malonate) clearly demonstrate that it is
possible to align the mesogens in the me-
sophase and even retain the orientation
in the crystalline phase (Fig. 6). Further-
more, there is an unusual behavior of the
meridional laver reflections (vertical di-

(Fig 4} X-ray patiems of aligned cyclosioxans in
the nemalic phase (top) and in the smectic C
phase (bottom) upen codling (applisd E-field is
vertical).
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rection) when the polymer arystallizes.
While the small angle smechc layer spots
(#a) disappear, diffuse layer line reflec-
tioms grow parallel to the menidian.
When crystallization is complete (6d) the
small angle smectic liyer reflechions
again ooour. This must be the resultof a
dramatic symmetry change on crystalli-
zation which confounds the commaen pic-
ture of crystallization from a LC toa
solid phase. The conventional view of
the direct buildup of a third dimen=ion
of order is not possible with these re-
sults. Without CHESS we were only able
to see patterns Ga and d but not the inter-
mediate images which suggested a
simple phase change.

To be able to use a synchrotron source
like CHESS has opened a new door to
gething a better msight on the behavior
and driving forces behind LC materials.
Mot omly are the basic prinaples better
understood with this approach, but there
am also new phenomena which make
these materials attractive for spedal de-
vices (see flip in onentation on aling
Fig. 4). We have observed new dynamic
behavior in LC materials and been able
to probe them in ways never befomr con-
sidered. The advantage of being able to
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prepare new materials and analyze ther
behavior in remarkable detail using
CHESS i= a great privilege. With the
new data from our last mm, we are reas-
messing our basic strategies for LC design
and expect that our next generation of
materials will be even more exdting.
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