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Abstract. The paper presents a review of results of studies in the field of PDLC material science and
physics obtained during last few years and shows the main fields of interest in that subject. It covers
an application of new polymers and liquid crystalline materials used to prepare those composites,
modification of their properties by different inorganic and organic dopants as well as new optical
properties. The evolution of scientific interest regarding PDLC composites in recent years is shown.
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1. Introduction

Polymer-Dispersed Liquid Crystal (PDLC) composites were obtained and
carefully studied in the end of the last century. The 3D geometry of liquid crystal
microvolumes is very interesting from as basic as application point of view. The results
of those studies were gathered in several books and monographic papers [1-4]. In
that first period of studies, different methods of PDLC preparation were invented
including microencapsulation and several kinds of phase separation. The methods
of preparation of PDLC with wanted morphology which affects their properties
were developed. Most of electrooptical and thermooptical effects observed in thin
layers of different liquid crystal phases were reproduced, moreover unique ones were
found, mainly the effect of electrically driven transmission in nematic liquid crystals.
PDLC composites have been successfully applied for preparation of thermosensitive
foils, intimacy glasses, and electrically driven optical elements.
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Nevertheless, studies on those materials are still conducted showing new pro-
perties and physical behavior as well as new possibilities of their application. For
this reason also nowadays PDLC are of interest as prospective optical materials.
Over 200 papers regarding this subject were published in the last four years. In this
paper, selected results of those studies are presented and discussed. Because of this
selection the paper cannot be treated as a monographic one.

The essential part of the paper was divided into two main paragraphs, however
it is easy to notice that the material properties of matrix polymers, liquid crystals
and dopants as well as physical properties and effects are highly interconnected.
For the reason mentioned above, this classification is more or less arbitrary, never-
theless it reflects the general trends in the subject. The comparison of the number
of papers dealing with the main subjects of PDLC research during the last ten years
is given in Fig. 1.

60
50
40
30

20

10
0 I- I| [ | II II | II m_ I-
& QQ .(\QO

4 @Q\»

&
o
&

S S
NS 5%

Fig. 1. The comparison of the main subjects of PDLC studies according works published
in 2004-2007 (left bar) and 2014-2017 (right bar)

2. Materials

In the recent years, new materials for PDLC preparation were still searched and
despite new mesogenic materials also several new polymers were adopted for this
purpose. Such studies led not only to extension of a group of suitable materials used
as PDLC polymer matrices but also to improvement in composite performance as it
is shown by the examples given below.

Marin, Ailincanai, and Paslaru have obtained monodisperse PDLC composites
using poly(vinyl boric acid) as the matrix [5]. They confirmed that the distribution
of the size of liquid crystal droplets critically affects light scattering in the effect
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of electrically driven transmission and also have large influence on the optical
contrast ratio in other effects. Moreover, the description of monodisperse system
is easier what is important for theoretical studies and modelling. For this reason,
the preparation of monodispersed liquid crystal droplets is important both from
basic and application point of view.

Sotomayor and coworkers [6, 7] introduced copolymer of pentaerythritoltetra-
methacrylate and monomethacrylate oligomer poly(propyleneglycol) methacrylate
as the matrix material and they observed an enhance of permanent memory effect
in PDLC up to 98%. Memory effects in liquid crystals are of interest due to infor-
mation regarding liquid crystal alignment in different geometries and also possible
applications, e.g. in erasable memory devices.

Resetic and coworkers [8] studied liquid-crystalline elastomers dispersed
in other elastomeric matrix PDLC preparation. This approach broadened the possible
applications of liquid-crystalline elastomers and maybe also preparation of PDLC
on elastic substrates, i.e. elastic transducers which are of great interest in processing
of light beam [9].

Chinese group [10] applied thiol-ene click reaction to get PDLC with driving
voltage lower than usually observed. Typical PDLC composites exhibit quite high
driving voltage in comparison with LCD planar geometry, namely from 10 to even
100 Volts. The specific value depends on the composite components, especially
on anchoring forces of liquid crystal on the surface of surrounding polymer cave
and on PDLC morphology. For this reason, attempts to reduce driving voltage are
still important to get systems compatible with LCD transducers.

The application of polyimides for liquid crystal aligning is well known. For this
reason, the application of such a polymer as the PDLC matrix seems very interesting.
Wang and coworkers [11] showed the application of polyimide to PDLC preparation
and they discussed the effect of morphology on electrooptic behaviour of PDLC
obtained by thermally-induced phase separation.

3. Doping and its effects

Classic two-component PDLC numerous studies were conducted in which liquid
crystalline materials or polymers were modified by dopants of different kind. For
instance, liquid crystals are doped by organic dyes to enhance optical contrast ratio
in the well-known effect of electrically induced light transmission or to improve
holographic features or to obtain lasing effects. Inorganic dopants, including nano-
tubes, graphene oxide and nanocrystallites, are used to reduce switching voltages,
to modify anchoring conditions and PDLC morphology, or even to trigger off new
optic and electrooptic effects. Several examples of such studies are given below.
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Sharma and Kumar [12, 13] studied the effect of dichroic dye and carbon nano-
tubes on the light absorption coefficient as well as on electro-optic performance
of PDLC. Dichroic dyes are used as dopants, the spatial orientation of which can
be switched via liquid crystal re-alignment caused by the ambient electric field
in so called guest-host effect. This effect was earlier adopted for colour LCDs but
in PDLC case it can improve the optical contrast ratio of the composite layer, espe-
cially in the absorption band of dichroic dye. In this way, the optical contrast ratio
in electrically induced transmission effect could be enhanced.

The similar problem was studied by the Korean group [14]. On the other hand
carbon multiwall nanotubes as well as dichroic dye can be used for the control
of the space orientation of mesogen molecules, dynamics of liquid crystal in droplets,
its birefringence and also the droplet size. It was shown that the presence of both
dopants decreased response time and increased optical contrast ratio.

Doping with dyes is also well known method used to enhance different optical pro-
perties of liquid crystals. Dopants of that kind were used to record holographic gratings
in PDLC [15]. Several new PDLC systems including dyes were studied to improve holo-
graphic performance. This subject is still present due to looking for prospective materials.

Another effect which can be observed in dye-doped PDLCs is laser generation.
Such effects are intensively studied in all systems containing liquid crystals. For
instance, Wood, Elston, and Morris observed wavelength-tuneable laser emission
in quite complex system including dye-doped achiral nematic crystal embedded
into a chiral polymer matrix. [16].

The Chinese group [17] showed the effect of alignment layer deposited on the cell
substrate on the behaviour of a PDLC random laser.

Light-by-light processing is one of the important tasks of modern photonics.
The example of this effect in PDLC system was shown by Marinova and coworkers
[18] who adopted graphene oxide for the reduction of PDLC driving voltage. But
after preparation of the hybrid structure, namely PDLC-photorefractive Bi; 2SiO,, it
worked as optically controlled amplitude modulator. Similar effect was obtained by T.].
Bunning and coworkers using polymerizable liquid-crystalline monomer as matrix
precursor and photosensitive low-molecular liquid crystal as dispersed phase [19].

It is worth to underline that dopants insoluble in polymer and liquid crystal are
applied in form of nanoobjects. Despite the examples given above such the approach
was described by Chinese researchers [20] who doped polymer matrix with gra-
phite nanoparticles dispersed in undec-10-enic acid. Such treatment significantly
increased conductivity of PDLC composite reducing driving voltages.

Materials with nonlinear optical properties are very important for modern pho-
tonics. Contrary to well-known solid ones, liquid crystalline materials have significant
advantage, because their nonlinearities can be driven by ambient electric field. Several
years ago this subject was studied by the Polish group showing the enhancement of Kerr
coeficient due to the presence of incorganic optically nonlinear nanocrystallites [21]
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as well as SHG generation by such materials [22]. In this way, switchable nonlinear
features were joined with PDLC advantages as elasticity and possibility to deposited
on substrates with complex shape at the expense of lower intensity. The studies on that
problem are still of interest [23], but due to complexity of the system they should be
conducted further to get full explanation of the processes.

Most of works on PDLC optical properties were devoted to visual range, however
their behaviour in IR and other ranges is also of interest because our knowledge
in this field is still insufficient. Recently, the Polish group has published the paper
discussing the effect of PDLC morphology on its optical contrast in the near IR
range [24]. It was confirmed that the liquid crystal droplet size should be larger
in this case to get high intensity of IR scattering by the composite layer.

In the end, it is worth to mention that several works dealt with theoretical
description and modelling of PDLC composites, especially regarding correlation
between composite morphology and its optical properties. Chinese scientists
modelled the behaviour of silver nanoparticles on the polymer-liquid crystal inter-
face in holographic PDLC [25]. Loiko and coworkers [26] performed calculations
for PDLCs with homogeneous and inhomogeneous interphase surface anchoring
on the droplet surface. As the result, they got a tool for multicriterial optimization
of the optical response of PDLC taking into account its thickness, optical properties
of the polymer matrix, as well as size, polydispersity, concentration, and anisometry
of liquid crystal droplets. In the next work [27], they introduced opto-mechanical
model describing the coherent transmittance and the degree of polarization of for-
ward-transmitted light by PDLC containing elongated droplets of liquid crystal.

4, Final remarks

PDLC composites are still interesting materials from scientific point of view due
to unique properties of 3D alignment of liquid crystal in microvolumes and quite
complex interaction between matrix polymer, liquid crystal and dopants of different
kind. There are also the possibilities to increase the field of their application.

During last ten years the main directions of PDLCs studies were changed [28].
The number of works devoted to application of those composites for information
displays, optic fibers and sensors significantly decreased. Also less number of works
was devoted to the PDLCs morphology and switchable gratings. On the other hand,
optical effects, especially connected with the presence of dopants, became the most
important subject of the studies.

It seems now that doping of PDLC composites is the best way to enhance their
optical properties and consequently the application possibilities.

New possible applications of those materials are connected with optical elements
and processing of light beam.
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Biezace kierunki badan nad kompozytami polimer - ciekly krysztat

Streszczenie. W artykule przedstawiono przeglad wynikéw badan w zakresie inzynierii materialowej
i fizyki kompozytéw cieklokrystalicznych typu PDLC, otrzymanych w ciagu ostatnich czterech lat,
oraz gléwne obszary zainteresowania w tym temacie. Obejmuje to zastosowanie nowych polimerdéw i
materialéw cieklokrystalicznych wykorzystanych do otrzymywania kompozytéw, modyfikacje wlasciwosci
kompozytéw za pomoca réznych domieszek nieorganicznych i organicznych, jak réwniez nowe wlasciwosci
optyczne PDLC. Wskazano na zmiany kierunkéw zainteresowan badawczych w ostatnich latach.
Slowa kluczowe: inzynieria materialowa, kompozyty, ciekte krysztaly rozproszone w polimerach,
optyka, elektrooptyka.
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