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The search for new chiral materials exhibiting or inducing a
chiral smectic C (SC*) liquid crystal phase has been motivated
by the potential applications of such materials in ferroelectric
liquid crystal (FLC) light valves and displays.1 An important
area of interest in this field focuses on the optical switching of
FLC light valves. In principle, a FLC light valve can be
controlled by modulating the spontaneous polarization (PS) of
the SC* phase above and below a switching threshold defined
by the applied voltage pulse.1b Previous work has shown that
PS can be photomodulated in the near-UV range via the
reversibletrans-cis photoisomerization of chiral azobenzene
dopants in SC or SC* liquid crystal hosts2 and of azobenzene-
containing side-chain FLC copolymers.3 The origin of PS
modulation is thought to be a disruption of the order of the SC*
phase caused by the photoinduced change in shape of the
azobenzene dopant from rod-like (trans) to bent (cis). This so-
called photomechanical effectgenerally results in a decrease
of the SC*-SA* or SC*-N* phase transition temperature,
producing in some cases a total loss of polarization via an
isothermal phase transition.2a,c,d In this communication, we
describe a new approach to photomodulatePS in the visible
range, without concomitant destabilization of the SC* phase,
which is based on the transverse dipole modulation of a chiral
photochromic dopant that can maintain a rod-like shape in both
isomeric forms.4

Previous work has shown thattrans-cisphotoisomerization
of the thioindigo dopant1 in a SC liquid crystal host produces
a 10% decrease ofPS, which is opposite in trend to that expected
from the change in transverse dipole moment of the thioindigo
core.5 We ascribed this result to the lack of stereopolar coupling
between the core and the chiral side chains and postulated that

the modulation may be caused by a change in the conformational
equilibrium of the chiral side chains imposed by the transoid
SC lattice upon photoisomerization to thecis-form. In order to
reverse this trend, and further enhancePS photomodulation by
harnessing the large change in transverse dipole moment of the
thioindigo core upontrans-cis photoisomerization, we have
synthesized (R,R)-6,6′-bis(1-methylheptyloxy)-5,5′-dinitrothio-
indigo (2), in which the chiral side chains should be strongly
coupled to the thioindigo core via both steric and dipole-dipole
coupling with the adjacent nitro groups, as described by Walba
and co-workers.6

Compound 2 was synthesized by an adaptation of the
approach reported for1.5 Irradiation of a 10-4 M solution of2
in air-saturated benzene atλ > 505 nm using a 150 W high-
pressure Xe arc lamp fitted with a cutoff filter gave rise to a
photostationary state consisting primarily of thecis-isomer (λmax
) 457 nm), as shown in Figure 1. Upon standing in the dark
for several hours, the compound isomerized to the thermody-
namically more stabletrans-isomer (λmax ) 509 nm, logε )
4.31).7 Compound2 was doped in the racemic SC hostPhBz8
over the mole fraction range 0.005< xd < 0.03 to give an
induced SC* liquid crystal phase. We could not exceed 3.0 mol
% due to the poor solubility of2 in liquid crystal hosts.PS
and tilt angle (θ) measurements at 5°C below the SC*-SA*
phase transition temperature (T-TAC ) -5 °C) gave a polariza-
tion power (δp) of +95 nC/cm2 for trans-2, which is ca. one-
half theδp value oftrans-1 in PhBz.5,9 This is consistent with
the expected coupling of the chiral side-chains with the
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Figure 1. UV-vis absorption spectra of a 1.1× 10-4 M solution of2
in benzene after irradiation atλ > 505 nm (dashed line) and after
standing in the dark for 20 h (solid line).
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thioindigo core in2, which should orient the alkoxy dipoles in
opposite directions with respect to the polar axis in thetrans-
form.
A 2.6 mol % mixture of2 in PhBzwas introduced in a 4µm

ITO glass cell and slowly cooled from the isotropic liquid phase
to the SC* phase at T-TAC ) -10 °C, giving a well aligned
sample of good optical quality.PS was measured with the
sample under constant irradiation at two different wavelengths
producing thecis-enriched photostationary state (λ > 505 nm)
and the thermally relaxedtrans-isomer (λ > 650 nm, no
absorption) using the 150W Xe arc lamp fitted with a water
filter and the appropriate cutoff filter. An 82%increasein PS
was achieved upon irradiation of the thermally relaxedtrans-
isomer (1.12( 0.07 nC/cm2) to thecis-enriched photostationary
state (2.04( 0.06 nC/cm2). Under these conditions, thermal
relaxation to thetrans-isomer occurred within 10 s in the SC*
phase, a much faster rate than that observed in benzene solution
at room temperature (Vide infra).10 The irradiation cycle was
repeated several times without any decrease in the degree of
photomodulation.
The occurrence of a photomechanical effect can be ruled out

based on the results of two control experiments. In the first
one, the temperature dependence ofPS was examined under
the two conditions of irradiation (Figure 2). Extrapolation of
the two plots toPS ) 0 suggests that the photoisomerization of
2 in PhBz does not shift the SC*-SA* phase transition
temperature to any significant extent. In the second experiment,
the racemic form of2 was doped in a SC* host consisting of a
2.1 mol % mixture of (S,S)-4,4′-bis[(2-chloro-3-methylbutanoy-
l)oxy]biphenyl inPhBz.11 In this case, a photomechanical effect
would result in a decrease ofPS by virtue of a change in
molecular shape of the photochromic dopant. However, ir-
radiation of this mixture atλ > 505 nm under the same
conditions caused no modulation ofPS, which further indicates

that thetrans-cisphotoisomerization of2 has no effect on the
stability of the SC* phase. The experiment also rules out the
possible contribution of a local heating effect to the photo-
modulation achieved with optically active2.
In summary, we have demonstrated that the spontaneous

polarization of a FLC can be nearly doubled, without concomi-
tant destabilization of the SC* phase, by photomodulating the
transverse dipole moment of a chiral thioindigo dopant using
visible light. The increase inPS upontrans-cis photoisomer-
ization of 2 is consistent with the stereopolar coupling of the
chiral side chains with the thioindigo core. We plan to develop
liquid crystalline analogues of dopant2 that exhibit a greater
compatibility with other liquid crystals in order to probe the
influence of a variety of SC hosts on the degree of photomodu-
lation achieved by these compounds. This work is currently in
progress.
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Figure 2. Spontaneous polarizationPS as a function of temperature
for the SC* phase of a 2.6 mol % mixture of2 in PhBzunder constant
irradiation atλ > 505 nm (filled circles) and atλ > 650 nm (open
circles). A SC*-SA* phase transition temperature of 71°C was
measured by polarized microscopy under illumination atλ > 650 nm.
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