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Abstract—A memory effect has been discovered in composite films based on a polymer containing dispersed
cholesteric liquid crystal, which is related to the modification of the surface anchoring by an ionic surfactant
under the action of an applied electric field. Parameters of electric signals are selected that ensure the switch-

ing of the composite film between some stable states with different levels of optical transmittance.
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In recent years, technologies aimed at reducing the
energy consumed by liquid crystal (LC) displays have
been developing extensively. The most effective solu-
tion to this problem can be based on the use of a bista-
bility phenomenon that allows a preset optical state to
be retained in the absence of an electric field. In this
respect, much attention is devoted to cholesteric lig-
uid crystals (ChLCs) in which bistable optical states of
various types can be realized [1—7]. A most widely
used effect that is already employed in display devices
consists in switching a ChLC between stable states
with a planar structure and a focal conic domain struc-
ture [1, 2, 7]. The cholesteric helix pitch P must be
much smaller than the size D of a cavity filled with the
LC. The planar structure of a ChLC selectively reflects
the circularly polarized light component, while the
domain structure intensively scatters radiation. If a
ChLC is applied onto a light-absorbing substrate, the
cell would reflect the light at a certain wavelength in
one state and appear black in the other state. This
effect is operative in both planar ChLC layers and
ChLC droplets dispersed in a polymer film [1, 2]. The
latter case is of special interest, since it enables the
development of flexible bistable reflective displays [7],
although the small pitch of the cholesteric helix makes
necessary large control voltages. The memory effect is
also characteristic of polymer-dispersed ChLC
(PDChLC) films with a helicoid pitch comparable to
the diameter of ChLC droplets (P = D) [8], but the
retention of recorded information in this case requires
a supporting voltage [9].

The aim of this study was to assess the alternative
possibility of using PDChLC films in bistable opto-

electronc devices and displays with nonvolatile data
storage.

The samples of PDChLC films were prepared by
the emulsification of a ChLC in an aqueous solution of
polyvinyl alcohol (PVA) plasticized by glycerol (GL),
followed by the evaporation of solvent [10, 11]. The
ChLC represented a mixture of 4-n-pentyl-4'-cyano-
biphenyl (5CB) with 1.5 wt % of cholesteryl acetate.
The cationic surfactant (cetyltrimethylammonium
bromide, CTAB) was dissolved in the ChLC mixture
before the preparation of emulsion. The ratio of com-
ponents in the obtained ChLC—PVA—-GL-CTAB
composition was 1 : 19 : 6 : 0.1 (w/w). As is known
[11], LC molecules acquire a tangential orientation on
the surface of PVA and that plasticized by glycerol.
The surfactant (CTAB) in LCs decomposes into Br~
anions and cetyltrimethylammonium cations (CTA™).
At the indicated concentration, CTA™ ions adsorbed
on a polymer surface form a nanodimensional layer
that changes the surface-anchoring character from
tangential to homeotropic [12].

The morphology of composite films and the optical
textures of ChLC droplets were studied using an Axio
Imager Alm (Carl Zeiss) polarization microscope
equipped with a digital video camera. The insets to
Figs. 1—-3 show photographs of the fragments of
PDChLC films in various states as observed in crossed
polarizers. The same geometry was used to measure
the optical response of composite films to an applied
electric field. For this purpose, a PDChLC film sam-
ple was confined between two glass plates with trans-
parent ITO electrodes, this sandwich structure was
arranged between crossed polarizers, and an alternat-
ing-sign electric signal of rectangular or sinusoidal
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Fig. 1. Waveforms of (top) control electric voltage U and (bottom) optical transmittance of a PDChLC film switched from the
initial state with a twisted radial structure into a stable intermediate state. Insets show photographs of film fragments in equilib-
rium states before and after electric field application (here and below, the photographs are obtained in crossed polarizers oriented

parallel to graphical axes).
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Fig. 2. Waveforms of the (top) control sinusoidal electric voltage U and (bottom) optical response of a PDChLC film switched
from an intermediate state into a stable state with homogeneous LC director orientation in the droplets. Insets show photographs

of film fragments in the corresponding states.

shape was applied to the electrode. The radiation of a
semiconductor laser operating at A = 658 nm was
transmitted through the optical cell and detected by
photodiode, the output signal of which was analyzed
using a digital oscilloscope.

The PDChLC film thickness was 75 pum. The
ChLC droplets in the film plane had round shapes
with an average diameter of 9 pm. These droplets were
arranged in the volume without overlap, which
allowed the orientational structure of ChLC to be
identified. In ChLC droplets without a surfactant, a
twisted bipolar configuration of the LC director was
formed that corresponded to a tangential anchoring.
ChLC droplets containing about 10% CTAB exhibited
a twisted radial structure characteristic of a homeotro-
pic (perpendicular) orientation of LC molecules on
the surface of the polymer matrix. The optical textures
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of these droplets in crossed polarizers resemble a bent
Maltese cross (Fig. 1, left inset). Since the droplet
transmits only a fraction of the incident light, while
the optically isotropic polymer matrix does not trans-
mit light in crossed polarizers, the total optical trans-
mittance of a PDChLC film in the initial state
amounts to only about 12% (Fig. 1).

Under the action of an applied electric field, the
ChLC droplets can pass to either a stable state (with a
homogeneous orientation of the director perpendicu-
lar to the film plane) or some intermediate stable
structures. In the former case, the birefringence of the
ChLC does not manifest and the light is not transmit-
ted through these droplets (Fig. 2, right inset). Note
that a small fraction of droplets (not exceeding 2% for
the sample studied) does not pass to a homogeneous
state, which accounts for a weak residual transmit-

No. 9 2011



MULTISTABILITY IN POLYMER-DISPERSED CHOLESTERIC

18 -
15+
12

T, %
N=)

S W AN

807

1
01

i

| |
4567 8 910111213

Time, s

Fig. 3. Waveforms of (top) control electric voltage U and (bottom) optical response of a PDChLC film switched from a state with
homogeneous LC director orientation into the initial state with a twist radial structure in the droplets. Insets show photographs

of film fragments in the corresponding states.

tance (Fig. 2, right inset). In the intermediate states,
the LC director in the central part is close to the nor-
mal to the film surface and is tilted in the equatorial
region. For this reason, the light only passes through
the side regions (adjacent to the visible boundaries) of
droplets (Fig. 1, right inset). Thus, the optical trans-
mittance of the PDChLC film in stable states varies
within 1.5—12%.

Figures 1—3 present typical waveforms of the con-
trol electric signals (top) and the corresponding opti-
cal responses (bottom) observed upon the composite
film switching to various equilibrium states. From the
initial state with 7'~ 12%, the PDChLC film can be
switched to stable intermediate states by applying rect-
angular voltage pulses at a frequency of 1 Hz (Fig. 1).
Under the action of these pulses of both positive and
negative polarity, ChLC droplets exhibit a compli-
cated process of transformation of the orientational
structure, which involves the contributions of various
physical phenomena including the Freedericksz
effect, modification of boundary conditions, and elec-
trohydrodynamic instability related to the ion trans-
port. The reorientation of the ChLC droplets mani-
fests in the form of changes in the optical transmit-
tance, which varies during the electric signal
application within 7= 2.0—24.5%. After switch-off of
the field, the ChLC droplets relax within about 3 s to
an equilibrium intermediate state. The resulting trans-
mittance is determined by the control electric signal
parameters and can be changed by varying the number,
amplitude, and duration of pulses.

The minimum optical transmittance in a stable
intermediate state achieved for the given samples con-
trolled by rectangular pulses was about 4.5—5%. This
value can be further reduced to 1.5%, but this requires
applying a 1.3-kHz sinusoidal signal for 2 s after the
rectangular pulses (Fig. 2). This additional action
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leads to a homogeneous orientation of the LC director
in droplets and the resulting almost complete darken-
ing of the optical picture (Fig. 2, right inset). After this
transition to a homogeneous orientation, only a small
fraction of droplets (about 1%) can relax with the time
(for the first 100 h) to an intermediate structure, after
which the system is completely stabilized.

Both intermediate and homogeneous structure of
ChLC droplets can be returned to the initial state by
applying rectangular voltage pulses with a frequency of
2 Hz, e.g., in order to return droplets into the initial
state with a twisted radial configuration of the director
and the corresponding optical transmittance, it is pos-
sible to use the sequence of signals shown in Fig. 3,
with a gradually decreased (from 40 to 25 V) ampli-
tude.

Thus, using ionic surfactants that modify the
boundary conditions under the action of an applied
electric field, it is possible to obtain a number of stable
structural and optical states of a PDChLC film con-
taining weakly twisted ChLC (i.e., with helicoid pitch
comparable to the droplet size). This film material has
good prospects for the development of electro-optical
devices that do not require a fast response (electronic
books, optical shutters, smart windows, etc.), but
ensuring nonvolatile conservation of recorded infor-
mation or a preset level of optical transmittance. Addi-
tional advantages of the proposed material are related
to its flexibility, mechanical strength, and simple man-
ufacturing technology. Subsequent investigations will
be directed to optimization of the material composi-
tion and structure and the control signal parameters so
as to improve the optical characteristics of potential
opto-electronic devices, in particular to reduce the
writing time and increase the contrast and optical
transmittance level.
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