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P olymer cholesteric liquid crystal
(PCLC) flakes were developed in the

1990s1 as a unique form of circularly
polarizing pigment. Irregularly shaped
PCLC flakes, made by means of a freeze-
fracturing process, exhibit brilliant colors
by selective reflection, a Bragg-like phe-
nomenon resulting from a PCLC aligned 
in the Grandjean texture, whereby the
molecular ordering resembles a helix.
For this reason, automobiles coated with 
“liquid crystal” paint show a color shift 
as the vehicle moves past an observer.

Electro-optic applications have
recently become possible thanks to the
discovery that PCLC flakes, when sus-
pended in a dielectric fluid, will reorient
in an applied external electric field. A 
significant change in visual appearance 
is created when flakes tilt off-axis with
respect to normally incident light,
whereby the wavelength of selective
reflection shifts toward shorter wave-
lengths and the circularly polarized,
reflected light intensity is diminished.
The mechanism responsible for the
reorientation is Maxwell-Wagner (inter-
facial) polarization, in which charge
accumulates on the flake surface and
induces a dipole moment. The applied
electric field acts on this induced dipole
moment and causes the flake to reorient
to a more energy-stable configuration.
Response time is a function of the recip-
rocal of the voltage squared. Flake
motion is enhanced when the dielectric
fluid has both a finite conductivity and 
a high dielectric constant.2

Random reorientation rates for irreg-
ularly shaped PCLC flakes have been
overcome by the development of a manu-
facturing process for shaping flakes
through soft lithography3 (see Fig. 1).
Uniform and rapid reorientation in 
< 300 ms has been observed for green,

rectangularly shaped PCLC flakes, 4 �m
in thickness, by 20 �m in width, by 
60 �m in length, suspended in propylene
carbonate. Experiments with red, blue
and green flakes in a variety of shapes
(e.g., squares, circles, ellipses and rectan-
gles) have shown that elongated flakes
respond most rapidly, in agreement 
with theory.4

The inherent color and polarizing
properties of PCLC flakes give them
unique advantages in reflective particle
display applications. Selectivity in both
color and polarization are achieved 
without the use of filters and polarizers,
both of which reduce brightness and add
to the production costs for other tech-
nologies. PCLC flakes in a silicone oil 
dispersion have been successfully micro-
encapsulated in a polymer matrix or in
individual gelatin capsules that can be
isolated and redispersed in a separate
binder medium.5 In addition to enabling
the development of flexible information
displays and other flexible optical/pho-
tonic devices, segregation of a few flakes
(or a single flake) in each microcapsule
will greatly reduce the probability of
particle agglomeration. Response time,
bistability or both can be favored in 
the confines of the microencapsulated 

environment. PCLC flakes that reflect
either right- or left-handed circularly
polarized light may one day make it pos-
sible to create three-dimensional displays
with embedded security features for
identification and anti-counterfeiting.
Possible applications in optics and pho-
tonics include switchable and tunable
optical retardation or modulation ele-
ments for polarized light at any desired
wavelength or bandwidth. It may also be
possible to produce conformal, switch-
able PCLC flake coatings for use in deco-
rative, commercial (object tagging and
identification) or military applications.
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Figure 1. Oval red, rectangular blue and square green polymer cholesteric liquid crystal
flakes have been patterned by use of soft lithography. A diamond shaped polymer mold
used in the process is seen in the background.
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