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Liquid-crystalline elastomers prepared from side-chain,
main-chain or combined liquid-crystalline polymers have
been intensively studied recently.'® These new materials
are interesting for fundamental studies as well as potential
technological applications.

Liquid-crystalline elastomers have been synthesized by
two different ways: a one-pot procedure and a two-step
procedure. The one-pot procedure consists of the simul-
taneous formation of the principal linear polymer chain
and of the cross-links by mixing, in a solvent, for exam-
ple,2 a mesogenic acrylate monomer with a bifunctional
cross-linking agent (diacrylate) and then submitting them
to a radical polymerization (for the one-pot synthesis of
a polysiloxane elastomer see ref 1a). In the two-step
procedure, the linear liquid-crystalline polymer is prepared
first, which possesses in its chemical structure a reactive
function (carbon—carbon double bond, ¢ hydroxyltd),
In the second step, the linear liquid-crystalline polymer
reacts in solution with an appropriate difunctional reagent
to give the liquid-crystalline elastomer.

In this communication, we present a new two-step pro-
cedure for the synthesis of liquid-crystalline side-chain
polysiloxane elastomers in which the cross-linking reaction
is performed by ultraviolet irradiation of the linear side-
chain polysiloxane in the glassy state (i.e., without sol-
vent). This procedure might give the opportunity of
preparing organic thin films with controlled, polar orien-
tation of functional groups relative to a substrate, which
are of interest for microelectronic and optoelectronic ap-
plications.!® Indeed, the mesomorphic side-chain polymer
precursors would be able, due to their liquid-crystalline
properties, to be first oriented by various ways (e.g., surface
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Table I. Transition Temperatures for Polysiloxanes 2

polym n m phase transitions®
2a 5 1 g 35 Sg 112 1
2b 6 1 g 36 Sg 117 I
2c 8 1 g 40 Sg 129 1
2d 8 6 K 95 Sc 133 1
2e 8 7 K 8 S; 128 I
2f 10 6 K 8 Sz 138 1
2g 10 7 K 8 S 130 I

eT in °C; g = glass; K = crystal; Sc = smectic C; I = isotropic.

effects, application of electric or magnetic fields) and then,
either in the mesomorphic state or after cooling down to
the glassy state, submitted to UV irradiation to give,
eventually, macroscopically oriented liquid-crystalline
side-chain elastomers.

The linear side-chain liquid-crystalline polysiloxanes (2)
have been prepared by hydrosilation of poly(methyl-
siloxane) with low molar mass mesogens (1) containing a
terminal vinyl group in the presence of a platinum catalyst®
(Scheme I).

Liquid-crystalline polysiloxanes produced to date pos-
sessed in their structure various types of chemical groups
as the mesogenic part such as Schiff base, azobenzene, or
phenyl benzoate.? Instead, we have used a phenyl cin-
namate based mesogenic group that, besides its very
well-known ability to give liquid-crystalline phases,!? has
been extensively used as photo-cross-linkable group for
photoresist applications and related studies.!!

Starting with bromoalkenes and methyl 4-hydroxy-
cinnamate, 4-(alkenyloxy)cinnamic acids were obtained by
classical synthetic methods.l?2 These acids were esteri-
fied'?® in a second step with 4-alkyloxyphenols to give the
desired functional mesogens (1). With these substrates,
liquid-crystalline polysiloxanes (2) were obtained by an
already reported method, the mesomorphic properties
of which are listed in Table I. (The phase behavior was
established by polarization microscopy and DSC mea-
surements.)

All the polysiloxanes (2) exhibit only a smectic C phase,
regardless of the lengths of both the spacer and the ter-
minal tail: the phenyl cinnamate group enhances the
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Scheme I
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Figure 1. Changes in the UV spectra of polysiloxane 2d upon
irradiation for (a) 0, (b) 5, (c) 15, (d) 30, and (e) 45 min and (f)
photo-cross-linked film after washing with dichloromethane.

well-known tendency of side-chain polysiloxanes to give
smectic C phases.®

For photo-cross-linking procedures, the polymers (2)
were cast as thin films on the outside of a 1-mm quartz
cell by coating from dichloromethane solutions. The re-
sulting films were annealed for several minutes in the
liquid-crystalline phase and then cooled to the glassy state.
UV light irradiation (Hanovia low-pressure mercury lamp)
of the thin films of 2 resulted in modifications of their UV
spectra (Figure 1), IR spectra (decrease of the IR absor-
bance at 1650 cm™ due to the conjugated carbon—carbon
double bonds), and phase-transition temperatures (for
compound 2d changes in the S¢ to isotropic transition
temperatures upon irradiation are the following: (a) 0 min,
T =133 °C; (b) 5 min, T = 122-125°C; (¢) 15 min, T' =
115-120 °C; (d) 30 min, T = 109-116 °C; (e) 60 min, T =
104-113 °C). The cross-linking was tested by washing the
films after irradiation by immersing the quartz cell for a
few minutes in dichloromethane, drying, and then re-
cording the UV spectra (Figure 1, curve f). The photo-

chemical process leading to the cross-link formation might
be postulated to be similar to the one put forward in
chemically related photoresist materials: photochemical
2 + 2 dimerization of the photosensitive cinnamate
groups.!'#bd Work is in progress to confirm the postulated
mechanism.

In conclusion, a new procedure has been described for
the synthesis of liquid-crystalline side-chain polysiloxane
elastomers that consists of the photo-cross-linking of thin
films made with mesomorphic side-chain polysiloxanes
possessing a phenyl cinnamate group as mesogenic part.
Utilization of this procedure to the creation of insoluble
and eventually macroscopically oriented organic thin films
made with ferroelectric liquid-crystalline side-chain poly-
siloxanes®13d14 of interest for various applications is now
in progress, and results will be published shortly.
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Large bulk third-order nonlinear optical susceptibilities,
x®, have been reported in conjugated polymers such as
polydiacetylene,! polythiophene,? polyacetylene,? and po-
lybisbenzthiazoles.* Conjugated polymers have been the
main focus of organic x® research because of the potential
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