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mechanistic insights. The present system is significantly more
sensitive to visible light than either the Belousov—Zhabotinskii®
or the Briggs—Rauscher® reactions, and it should provide an ideal
system for experiments on periodic perturbation of chemical os-
cillators!® or even for chemical image processing.!!
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For many microelectronic and optoelectronic applications,
organic thin films with controlled, polar orientation of functional
groups relative to a substrate surface hold great potential. Several
possible solutions of this problem are currently under active in-
vestigation, including the growth of single crystal films 2 polar
deposition of Langmuir—Blodgett multilayers,’ electrically poled
polymer films,* and self-assembled multilayers.* In this com-
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Figure 1. Structure, phase sequence, and polarization of FLC polymer
1 and polarization of some host-guest mixtures.

munication, we describe a new approach for achieving designed
organic thin films with thermodynamically stable, polar orientation
of functional groups using ferroelectric liquid crystal polymers
(FLCPs).

Due to the useful physical properties of polymer films and the
spontaneous polar order present in ferroelectric liquid crystal
assemblies, a large effort has recently been launched directed
toward the synthesis of FLCPs.®7 The small spontaneous po-
larization (P) observed for materials reported to date coupled with
the choice of chiral moieties incorporated into the mesogenic units,
however, precludes real insight into the functional group orien-
tation occurring in these systems. Reported herein is the synthesis
and characterization of the first FLCP to incorporate a mesogen
possessing interpretable sign and large magnitude of P.

Thus, following literature procedures,’®? hydrosilylation of
4-[(S,S)-2,3-epoxyhexyloxy] phenyl 4-(w-decenyloxy)benzoate®
with commercially available polymethylhydrosiloxane!® (MW =
4500-5000) catalyzed by dicyclopentadienylplatinum(II) chloride
gave a white, crystalline solid after precipitation from a benzene
solution with methanol. The 'H NMR (CDCl,) and infrared
spectra (CHCl;) of the new material are consistent with the desired
polymer 1 (Figure 1). Optical microscopy on the neat polymer,
mixing studies with a low molar mass smectic C* host, and di-
electric spectroscopy combine to show unequivocally that the new
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material possesses the desired C* phase over a broad temperature
range, as indicated by the phase sequence shown in Figure 1.'!

Our approach for probing functional group orientation in low
molar mass FLCs is to measure the sign and magnitude of the
ferroelectric polarization in an aligned thin film between con-
ducting glass plates.!12 This is done by switching the ferroelectric
with an applied voltage step and measuring the current response
of the cell. By a novel combination of interaction with a rubbed
polymer alignment layer on the surface of the electrodes and shear,
it proved possible with compound 1 to achieve excellent alignment,
affording a monodomain of ordered polymer film 3 um thick, with
an electrode area of 1.17 cm2.1!

Switching in the standard geometry!? was relatively slow (3
ms at 85 °C, 15 V/um driving field) but easily allowed mea-
surement of P for the material. In fact, neat compound 1 showed
a polarization of +65 nC/cm? (85 °C). The sign and magnitude
of P for the (S.,5)-epoxide-containing polymer are consistent with
the model presented earlier for the low molar mass mesogen itself
(+45 nC/cm?), where polar orientation of the epoxide dipole is
the major contributor to the macroscopic polarization.® Previously
reported FLCPs showed polarizations (measured in unaligned
samples) on the order of 6 nC/cm?%’

Small-angle neutron diffraction studies of achiral, deuterium
labeled smectic A polymethylsiloxane side chain LCPs similar to
1 indicate that the backbone orients as a random coil between
the layers of mesogen molecules (i.e., in the smectic layers), with
the mesogenic units oriented relative to the layers much as they
would be in a low molar mass A phase.!* The reasonable ex-
trapolation of this result to smectic C phases, in combination with
the observed polarization of polymer 1, suggests that the polar
orientation of molecular dipoles in 1 is similar to that obtained
in the analogous low molar mass material.

It is thus expected that when bound in the “crystal” lattice of
a low molar mass C* host, the mesogenic units of the FLCP should
orient in the bent cylinder binding site according to our model
for the molecular origins of P,%%!2 and the observed polarization
of host—guest mixtures (complexes) should be a linear function
of concentration of the polar component (the FLCP in this case),
since the presence of the backbone in the smectic layers is not
expected to affect the shape of the binding site. Indeed, polymer
1 is miscible in all proportions with the standard C* host 4-
[(S)-(+)-(4-methylhexyl)oxy]phenyl 4-(decyloxy)benzoate,!* and
the observed polarization for aligned samples of mixtures pos-
sessing 20% and 50% by weight of polymer 1 in the host (+11
nC/cm? and 433 nC/cm?, respectively) are linear with concen-
tration, as indicated by the plot shown in Figure 1. In total, the
data presented here provides good evidence that the molecular
recognition model for functional group orientation in low molar
mass materials may be extended to the FLCP films of the present
study.

In conclusion, an organic polymer ferroelectric thin film showing
good global functional group orientation in a large-area mono-
domain has been created. Evidence is presented for a molecu-
lar-level interpretation of dipole orientation occurring in the FLCP
phase which is similar to that for the analogous low molar mass
material, with the slight modification that the polymer backbone
is now present in the smectic layers. While by our interpretation
the polymeric nature of the FLCP does not dramatically affect
functional group orientation, obvious advantages with respect to
processibility in some applications accrue from achieving this
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orientation in a polymer film relative to the low molar mass
materials.
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Ultraviolet resonance Raman (UVRR) spectroscopy is being
developed as a structure probe for proteins.!? Near resonance
with the first allowed electronic transition (ca. 190 nm) of the
peptide bond, strong enhancement is seen for amide modes,
particularly amide IT (~ 1560 cm™), whose intensity is sensitive
to the a-helix content in polypeptides and proteins.” Song et al.*
have recently called attention to another peptide UVRR band,
near 1390 cm™!, which disappears in D,O and may be a confor-
mation marker. For the peptide model compound, N-methyl-
acetamide (NMA), they identified this band at a much higher
frequency, 1496 cm™, and assigned it to the overtone of the
out-of-plane NH bend, amide V. A previous suggestion? that the
1496-cm™ band arises from photoisomerized cis-NMA was re-
jected by Song et al.*

In Figure 1 we demonstrate, however, that the 1496-cm™ band
is indeed photoinduced. At low laser power incident on a flowing
sample of aqueous NMA this band is absent in the 200-nm-excited
RR spectrum (D), but it grows in when the power is increased
(C) and particularly when the sample is stationary (B) even at
low power. Its frequency is the same as the IR band assigned
to amide II of cis-NMA prepared by matrix quenching from a
high-temperature nozzle® and is the same as that of the intense
amide II band in the 200-nm-excited RR spectrum of aqueous
caprolactam (Figure 1A), a secondary amide for which the cis
isomer is enforced by its cyclic structure. The 1496-cm™! band
can therefore be assigned with confidence to cis-NMA produced
by photoisomerization from the stable trans form. Supporting
this inference is the observation of intensity loss in the amide II
and III bands of the trans isomer.

Importantly, photoisomerization is also observable in D,O and
is especially evident when the N-methyl group is replaced by CD,
(Figure 2). For this isotopomer H/D exchange collapses the
amide II and III bands of the trans isomer, arising from coupled
C-N stretching and N-H bending coordinates® into a single strong
band at 1496 cm™ which is essentially pure C—N stretching {amide
II’). At high laser power levels, a new band grows in at 1471 cm™,
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