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Binary mixtures of the aggregating helicene 1 with dodecane have, at dodecane concentra-
tions >30 vol %, a nematic liquid crystalline phase and, at dodecane concentrations j5 vol
%, a hexagonal columnar liquid crystalline phase. The helical structure with donor and
acceptor groups at opposite ends gives rise to a molecular dipole moment that is parallel to
the helix axis and a positive dielectric anisotropy. Accordingly, the helix axes orient parallel
to an applied electric field, providing the basis for electro-optic switching.

Introduction

The ability to orient molecular dipoles is an important
element in the design of useful liquid crystalline materi-
als. Cyanobiphenyls (CBs) are the best known.1 In these,
the dipole moments of the cyano groups endow the
nematic and smectic phases with dielectric anisotropies,
∆ε, that are large and positive (that is, with dielectric
constants that are larger parallel to the molecules' long
axes than perpendicular to them) and threshold switch-
ing voltages that are small.2 Similar properties would
be expected for disk-shaped molecules that have large
dipole moments normal to the molecular plane, but only
few such structures are known.3-6 In this paper, we
show that enantiopure helicene 1,7 which has a molec-
ular dipole moment approximately parallel to the helix
axis, does have such properties and can be used for
electro-optic switching.

For molecules that are rod shaped, electrostatic
energy is minimized when the dipole moments of
neighboring rods are oriented antiparallel.8 Accordingly,
ε|| for 4′-pentyl-4-cyanobiphenyl, while large,9 is less

than it would be10 were it not reduced by the correlation
of the molecules' dipole moments.11 In contrast, for
columnar discotic materials that have dipole moments
perpendicular to the disks, electrostatic energy is mini-
mized when the moments of stacked molecules are
arranged parallel, head-to-tail.8a Solutions of disk-
shaped molecules therefore have polarizabilities that are
particularly large.12 In addition, in enantiopure helicene
1, head-to-tail orientation should be favored by steric
effects that keep the bulkier ends of the molecules apart.
Moreover, because the dipole moment is derived from
displacement of charge along the core, it should be
larger in molecules such as 1 than in discotic molecules
in which the moment is derived from the alignment of
polar side chains.13-15 Accordingly, the dielectric ani-
sotropy of columns of 1 is expected to be both positive
and large.

The experiments described below measure how elec-
tric fields affect the depolarization of light that has
passed through transparent capacitor electro-optic cells
containing enantiopure 1 and thereby probe how electric
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fields affect the orientation of the molecules. The stacks
reorient to be parallel to an applied electric field (as long
as it exceeds a threshold value), implying that their
dielectric anisotropy is positive. The speed of the
reorientation depends on the temperature of the sample,
on the amount of diluent, and on the strength of the
voltage applied.

Results and Discussion

The helicene was first examined as the neat material.
Enantiopure 1 in a rubbed 4 µm cell was heated to ca.
100 °C, at which temperature it is isotropic, and then
cooled into its columnar phase.7 A photomicrograph of
the texture at 80 °C is shown as Figure 1a. The
material’s birefringence means that all components of
the optic axis cannot be perpendicular to the cell surface,
and its disordered Schleiren-like texture shows that the
rubbed cell surfaces do not orient the in-plane structure.
Application of at least 60 V causes the sample to become
optically isotropic. The implications are that the mate-
rial is uniaxial and that its optic axis reorients to the
plates' normal. The planar alignment can be recovered
by heating the sample until it is isotropic and then
cooling it, but it cannot be recovered with any practical
speed by altering the electric field. This experiment
shows that the columns orient parallel to electric fields
above a threshold value, but like other columnar
materials,4a,16 the material’s high viscosity prevents the
columns from realigning parallel to the surface when
the electric field is removed.

The viscosity was therefore reduced by diluting the
samples with dodecane, and the experiments were
repeated.17-19 The reason for choosing this approach is
that when its concentration in dodecane is as low as 3
wt %, 1 has previously been shown to aggregate into

columns.7,20 To test the effects of dilution, a 17 wt %
solution of 1 in dodecane was heated in a cell until the
sample was isotropic. When it was then cooled to 50 °C,
it became birefringent, with the optic axis, as before,
parallel to the plates but this time partially ordered by
the rubbing. Between crossed polarizers, light was
transmitted fairly uniformly across the cell’s surface if
(and only if) the rubbing direction differed from the
directions of the polarizer and analyzer axes. As in the
case of the neat material, the light was totally extin-
guished (Figure 1b) when an electric field was applied.
In this figure, the material covers the entire area, but
extinction occurs only where the electrodes overlap.
When the electric field was turned off, the transmission
of light was restored. The implications are that the
solution has an optic axis that, in the absence of an
electric field, is parallel to the plates and, when an
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Jubindo, M. A.; Vázquez, J. T. J. Am. Chem. Soc. 1998, 120, 2908. (f)
Serrano, J. L.; Sierra, T. Chem.sEur. J. 2000, 6, 759. (g) Heppke, G.;
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Figure 1. (a) Microscopic view of pure (+)-1 that had been
cooled from the clearing temperature to 80 °C in a 4 µm nylon-
lined cell. The sample is between crossed polarizers. (b)
Microscopic view of a 17 wt % solution of (+)-1 in dodecane in
a 4 µm nylon-lined cell in an electric field of 3.1 V µm-1. The
sample is between crossed polarizers. The area covered by the
electrodes (which are transparent) is black because the helix
axes have been aligned normal to the plates; the other areas
are aligned with the helix axes parallel to the plates and are
therefore bright.

774 Chem. Mater., Vol. 14, No. 2, 2002 Nuckolls et al.



electric field is applied, reorients normal to the
plates.

The electro-optic response for a change in transmis-
sion from 10 to 90% was measured as a function of
applied electric field, which was stepped from zero to E
at time zero and then alternated between +E and -E
at 1 Hz. The measurements were made at five temper-
atures, and the data are plotted in Figure 2. Although
they are not as fast as for some columnar ferroelectric
materials,4a the switching times for 1 are relatively fast
for a discotic liquid crystal:15,16 at 55 °C, they are 18
ms when E ) 10 V µm-1 and 5 ms when E ) 17.5 V
µm-1. The data fit the function τ ) aE-x + b (Figure 2)
with x ) 2.06 ( 0.05 and b ≈ 0, implying that τ(E,T) =
a(T)E-2. The inverse square dependence of the switching
time on electric field is characteristic of reorientations
of liquid crystal directors that are driven by dielectric
torques,21 with one power of E inducing a dipole and
the other the torque on it. The implication is that the
nematic phase of 1 lacks long-range polar order.22

Moreover, the absence of hysteresis and threshold and
the broad range of E over which the inverse square
dependence prevails are characteristic of nematic phases.
For these, τ(E,T) = [γ(T)/∆ε(Τ)]E-2, where T is the
absolute temperature, γ(T) is the orientational viscosity,
and ∆ε(T) is the dielectric anisotropy. Accordingly, the
strong dependence of τ(E,T) on temperature is at-
tributed to the viscosity varying with temperature. The
Arrhenius activation energy, 11.90 ( 0.7 kcal/mol, is
typical of thermotropic discotic nematics.23

X-ray diffraction was used to analyze the structures
of the helicene-dodecane mixtures. Unoriented samples
were studied at 64 °C as the dodecane concentration was
changed. The results are shown in Figure 3. The neat

helicene columnar phase exhibits a sharp Bragg reflec-
tion peak at a wave vector qo ) 0.224 Å-1 (d ) 28.0 Å),
the (01) reciprocal lattice vector of the hexagonally
ordered columns. At the dodecane concentrations used
for the electro-optic measurements (80 vol % dodecane),
no Bragg reflection is seen. The mixture is nematic.
However, when the dodecane concentration is decreased
to ca. 30 vol %, a broadened diffraction peak appears,
indicative of pretransitional fluctuations to short-range
columnar order as the nematic material approaches the
columnar phase. At this concentration, the correlation
length for columnar ordering is about 300 Å. As the
dodecane concentration is lowered further, this peak
narrows in width and grows in intensity approaching
that of the neat helicene at about 5 vol % dodecane. The
peak also shifts in position, a result of dodecane swelling
the column lattice.

Conclusions

The electro-optic effect shows that the phase obtained
in the helicene-dodecane mixtures is a discotic nematic
with positive dielectric anisotropy. The electric field
dependence of the electro-optic response shows that the
nematic is nonpolar, i.e., that the projections of the
longitudinal molecular dipoles along the mean disk
normal vary randomly in sign. The switching times,
which depend on the ratio of dielectric to viscous
torques, are fast when compared to those of other
discotic nematics, suggesting that the dielectric aniso-
tropy is relatively large.

Experimental Section

The electro-optic effects were studied by means of polarized
transmitted light microscopy, using samples of the material
contained in transparent capacitors made of glass plates that
were coated with indium-tin oxide (ITO) and spaced by 4 µm.
The ITO electrodes were coated with a 200 Å thick nylon film
that was buffed to orient the columns in the surface’s plane.
The cells were filled by capillary action. A linearly polarized
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Figure 2. Log-log plot for a series of temperatures of electro-
optic switching times τ(E) against the electric field strength
for the field-induced planar-homeotropic reorientation of he-
licene 1 as a 17 wt % solution in dodecane. The best least-
squares lines are drawn through the experimental points.

Figure 3. Diffracted X-ray intensity vs wave vector q for
helicene-dodecane mixtures at 64 °C. The inset compares
diffraction at the highest and lowest dodecane concentrations.
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5 mW HeNe laser beam was passed through the cell, and a
crossed analyzer connected to a photodiode detector was used
to record the electro-optic response. The X-ray diffraction
analyses were carried out using unoriented helicene-dodecane
mixtures contained in 1 mm diameter quartz capillary tubes
and the diffractometer of NSLS beamline X10A.
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