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A theoretical study of light transmission through a polymer with a monolayer ensemble of bipolar nematic
droplets under applied electric filmis performed. The possibility of interference quenching of monochromatic
coherent light directly transmitted through the film is predicted theoretically and realized in the experiment.
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The propagation of light in close-packed dispersive
media is accompanied by interference phenomena,
which should be taken into account in determining the
characteristics of the transmitted and scattered light [1].
Theoretical studies of the scattering of coherent mono-
chromatic light by a monolayer [1-3] reveaed the pos-
sibility of interference quenching of the regular compo-
nent of directly transmitted light. For the experimental
realization of this effect, it is necessary that the param-
eters of the medium satisfy a number of strict require-
ments imposed on the size and shape of the scattering
particles, their refractive index, and their concentration.
The use of monolayer films of polymer-dispersed
liquid crystals (PDLC) can simplify the solution of this
problem, because one of the parameters of such films
(therefractive index) can be varied by applying an elec-
tric field. This paper presents theoretical analysis and
experimental study of the interference quenching of
light transmitted through a monolayer PDLC film with
auniaxialy ordered ensemble of bipolar nematic drop-
letsin an external electric field.

For the theoretical analysis, we use the following
approximations. The nematic droplets have the form of
ellipsoids of revolution flattened in the film plane. The
droplets are arranged in the polymer film in such away
that their centers lie in a single plane (a monolayer).
The orientation ordering of the director inside the nem-
atic droplets has a bipolar configuration with rigidly
fixed poles [4-6]. The symmetry axes of al droplets of
the ensemble are oriented in one direction in the layer
plane. An electric field applied normally to the layer
affects the director configuration in the droplets, lead-
ing to changes in their light-scattering properties. We
will study the dependence of the transmittance T = 1/l

(where I, and I, are the transmitted and incident light
intensities, respectively) on the voltage applied to the
layer for coherently scattered light in the case of film
illumination by normally incident, linearly polarized
light with the polarization along the direction of the
droplet symmetry axes.

The coherent transmittance T of amonolayer of iso-
tropic particles has the form [1]

2
T=1-Qn+hn? ®

where Q isthe extinction efficiency factor; the parame-
ter L is determined by the amplitude of the scattering
function at zero scattering angle; and n is the mono-
layer filling coefficient (the area fraction of droplets)
equal to the ratio of the total area of the projections of
all particles (dropletsin the case of aPDLC monolayer)
onto the monolayer plane to the area over which they
are distributed. For a PDLC monolayer characterized
by an optical anisotropy of LC droplets, Eqg. (1) is
retained but the values of Q and L are different in each
specific case and determined by the size and shape of
the droplets, as well as by their interna structure,
depending on the control voltage.

For bipolar nematic droplets with rigidly fixed
poles, the refractive index of the extraordinary wave n,
is a function of the control voltage U, and it is calcu-
lated according to the procedure proposed in [5, 6]. For
the case of incident light with an electric vector ori-
ented along the symmetry axes of the droplets, the
anomalous diffraction approach yields the following
relationshipsfor the parameters Q and L of amonolayer
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with agamma-distribution of dropletsin size:
Q = 2ReK, 2

Q°L/2 = ReK®+ImK?>. 3)

Here, the mean values of the real and imaginary parts,
ReK and ImK, of the Hulst function K [7] are deter-
mined by the expressions

c
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U isthe parameter of the gamma distribution,
e 2TICN
v, = : P(nU)/n,-1), (5)

n, isthe refractive index of the polymer, A is the wave-

length of the incident light, and C is the mean size of
the LC droplets along the normal to the layer.

Theoretical estimates show that, for a PDLC mono-
layer with amean droplet size of 12 um and avariation
coefficient of 0.2, interference quenching for a wave
with A = 0.633 pum occurswhen thefilling coefficient is
n = 0.7 and the refractive indices are n, = 1.52 and
ns(U) = 1.56.

For the experimental studies, we prepared samples
of a polyvinylbutyral-dispersed 5CB nematic liquid
crystal. The parameters of these samples were close to
the caculated values necessary for interference
quenching to occur. The liquid crystal was dispersed in
the polymer according to the SIPS technique [8]. The
uniaxial orientation of the ensemble of nematic drop-
lets was achieved by means of uniaxial tension of the
compositefilm[4]. Thethickness of thefilmsstudied in
the experiment was 16 um. Figure 1 shows the micro-
graph of a sample area; the micrograph was obtained
with the use of crossed polarizers. The filling coeffi-
cientwasn =0.7. Thedroplet size € varied between 10
and 14 um with amean value of 12 um. The refractive
index of the polymer matrix was n, = 1.52. The refrac-
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Fig. 1. Micrograph of a PDLC film; the image is obtained
by using crossed polarizers whose orientation is shown by

the arrows.
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Fig. 2. Calculated and experimental dependences of the
transmittance of aPDL C film on the control voltage normal -
ized to the threshold value.

tive index of the 5CB liquid crystal was n, = 1.53 for
the ordinary wave, and, for the extraordinary wave with
the electric vector oriented aong the director of the
nematic, it was n(max) = 1.717 (the values are pre-
sented for A = 0.633 um [5, 6]).

The source of radiation was aHe-Ne laser with A =
0.633 um. Theintensity of light transmitted through the
sample and acircular aperture of diameter 1 mm placed
at adistance of 143 cm from the sample was measured
by a photodiode operating in alinear mode. The depen-
dence of theintensity of transmitted light on the voltage
applied to the sample was recorded by an X-Y plotter.

Figure 2 shows the calculated and measured values
of the transmittance of the sample under study versus
the control voltage normalized to the threshold value.
The oscillatory behavior of the dependence is caused
by the oscillations of the extinction efficiency factor Q
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as a function of the control voltage. The number of
oscillations is determined by the droplet size. One can
see that the theoretical and experimental data are in
good qualitative agreement.

We note that the minimum observed in the calcu-
lated dependence near U/U, = 11.7 occurs at QLn =1
(see Eq. (2)). If, in addition, we have L = 0.5, the value
of the transmittance T becomes zero; i.e., interference
guenching of the directly transmitted light takes place.
For the experimental dependence, the minimum value
of the transmittance T = 1.7% is observed at U/U, =
10.8. The difference between the experimental and the-
oretical datais caused by thefollowing factors. First, in
calculating the filling coefficient of the film that is nec-
essary for quenching to occur, one must proceed from
the real droplet size distribution. Second, in a real
ensemble of bipolar droplets, the uniaxial orientation of
the symmetry axes of dropletsisimperfect. In the case
of even adight deviation of the droplet symmetry axes
from the preferred direction, the transmitted light will
contain an ordinary component for which the condi-
tions of interference quenching are not valid.

Thus, by theoretically analyzing the interference
features of the electro-optical response of dispersed
nematic liquid crystal monolayers, we arrived at the
conclusion that, in PDLC films, quenching of the
directly transmitted coherent monochromatic light is
possible. According to the theoretical estimates, special
samples were prepared on the basis of PDLC monolay-
ers. For these samples, we observed an interference
guenching effect that was characterized by a minimum
coherent transmittance of 1.7%.

In practical applications, PDLC films with a multi-
layer droplet arrangement are more common [8]. Inthis
case, one obtains a high contrast due to the multiple
scattering of light. Such films are fairly thick (20—
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30 um) and hence have a high control voltage. The
studies described above open up prospects for the
development of thin PDLC monolayers with a high
contrast and a low-voltage control.
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