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Abstract. The paper consists of three interconnected parts. In the first part, the historical information about
the initial works on the development of approaches for the creation of liquid crystal (LC) polymers is briefly
considered. The results of the fundamental properties study of polymers carried out in the Laboratory of chemical
transformations of polymers of the Chemistry Department at Moscow State University are presented. These
polymers have been used as convenient matrices for creating of comb-shaped polymers by attaching mesogenic
groups to their side branches (this is so-called a spacer concept). In the second part, some problems related to the
priority of the original researchers worked in the field of LC polymers are analyzed in detail. The third part lists
some promising areas that are developing in our LC Lab. Recent works relate to creation, study and possible
application of new photo- and mechano-controlled LC polymers, di- and tri- block copolymers, as well as their
composites with quantum dots for various applications in optics, optoelectronics and holography.
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Annomauusa. Ilpeocmasnennas paboma cocmoum u3z mpex 63aumMoceA3aHHblX yacmel. B nepeoii ywacmu
KOPOMKO paccMoOmpeHsl UCMOopuiecKue ceedeHusi 0 NepeoHauanIbHblx pabomax no paspabomke nHoOX0008 K
cozoarnuro scuokokpucmannuveckux (JKK) noaumepos. Ilpusedenvl pesyivmamel uccied08anull, nposoOUMbIX 8
Jlabopamopuu xumuueckux npespawjeHuli noaumepos Xumuueckoeo @akyremema MIY, no uzyuenuio
@yHoamenmanvHuIx CBOUCME 2peOHe0OPA3HbIX NOAUMEPOS. DMuU NOIUMEPbl UCNONIb306AHbL 8 KAYecmee Mampuy
ons coz0anusi JKK-nonumepos nymem npucoeOuHenus mMe302eHHbIX epYnn K UX OOKOBbLM OMEEMEAeHUIM (MaK
Hasvleaemas Komyenyus cneiicepa). Bo emopoi uacmu noopobno npoanHamu3uposanvl Hekomopwvle npoonembvl,
omHOCAWUECS K NPUOPpUMEMY NePEOHAYANbHbIX Ucciedosamenell 8 ooaacmu cozoanusn KK-nonumepos. B mpemuveti
yacmu cmamoli, 8 popme 0aridx’cecma, nepevucieHbl HeKomopble nepcneKmusHble HaNpPasieHus, pa3eusaemvle 6
yuueepcumemckou JKK-epynne. Omu pabomwei ceéazanvl ¢ co30anuem, usyyenuem, d mMaxi#ce 603MONCHbIM
UCNONIL308AHUEM HOBLIX (POMO- U MEXAHOYNPAGIAEMbIX NOIUMEPOS, OBOUHLIX U MPOUHBIX OJIOK-CONOIUMEPOS,
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1. Some historical facts

I would like to start this digest article with
congratulations to the Editorial Board members of the
«Liquid Crystals and their Application» Journal and its
Editor-in-chief — Professor, Doctor of Chemical Sciences
Nadezhda Vasilievna Usol’tseva.

Having headed in 1983 the Problem Laboratory
of Liquid Crystals at Ivanovo State University, which
was organized by Igor G. Chistjakov in 1976,
N.V. Usol’tseva began actively study the issue of crea-
ting a new specialized journal dedicated to liquid crys-
tals. Despite a significant number of works devoted to
liquid crystalline (LC) topics and already carried out in
the former Soviet Union, the results of these studies
were mainly published in the Journal «Crystallog-
raphy» founded by the Academy of Sciences of the
USSR in the partnership with some universities.

Therefore, the Bureau of the Liquid Crystal
Society «Sodruzhestvo» («Commonwealthy») united
liquid crystal scientists of the former republics of the
Soviet Union, came to conclusion about the necessity
to organize its own journal, in which the research
results on LC state of matter would be published.

Unfortunately, the first attempts to publish
printed collections, such as «Molecular Materials»
(Moscow, Corporation MET, 1992) and «Liquid Crys-
tals — Yesterday, Today and Tomorrow» did not stand
the test of time and in several years they ceased to exist.

Fig. 1. Professor Nadezhda V. Usol’tseva

The main pioneer in this important business was
Nadezhda Vasilievna Usol’tseva (Fig. 1), a professor at
Ivanovo State University and a “successor” of the Iva-
novo school of liquid crystals. Igor Grigorievich Chis-
tyakov, who is one of the founders of liquid crystal
studies in the USSR, and Valentina Alekseevna
Usol’tseva (her mother) supervised her way to liquid
crystal science.

At that time, N.V. Usol’tseva was a young and
very energetic woman, already the head of the Problem
Laboratory of Liquid Crystals at Ivanovo State Univer-
sity. She had an extensive experience in organizing All-
Union and International conferences dedicated to ther-
motropic and lyotropic liquid crystals. She has ma-
naged to convince the relevant State authorities and
“break through" the permission to organize such jour-
nal.

Carefully selected members of the Editorial Board
and the International Advisory Board, including well-
known scientists working in the liquid crystal field in in
Russia and abroad, undoubtedly contributed to the influx
of a large number of publications. All these contributed to
the growth of scientific reputation, new publications and
the consolidation of university and academic scientists, as
well as research practitioners.

Although the first journal issues were only in black
and white format and published in Russian, over time the
journal acquired a modern scientific style and was included
in the Scopus and Web of Science databases.

It is pleasant to note that our first scientific
publications devoted to LC polymers were first reported
at the First All-Union conference on liquid crystals in
Ivanovo and published there as brief communications
[1]. Moreover, it should be noted that the first reports,
including a plenary lecture by V. Shibaev titled “Liquid
Crystal Polymers”, as well as the reports of his
coauthors caused a very lively discussion of the
conference participants, who "hostilely" accepted the
basic concept of the work. What are LC polymers and,
in general, is their existence possible in the sense that is
used to define this term for lowmolecular-weight liquid
crystals? These were the subject questions of the
enough vivid discussion.
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Lyotropic liquid crystals have been known for a
long time, and the original works of American and
French scientists on the liquid crystal state of
polypeptides and some viruses have been the subjects
of many publications. In the early 70s of the last
century, the appearance of thermotropic LC polymers
in the usual sense of this term raised many questions
among the members of the LC community.

A little later, in 1975, on behalf of the university
group, V.P. Shibaev presented a large report at the
Mendeleev Congress on General and Applied
Chemistry in Alma-Ata [2]. It should be noted that
despite the large number of questions, the “polymer
audience” was more loyal to a new term “thermotropic

b

liquid crystal polymers”. Most likely, it was due to the
understanding of the polymer specificity of LC state of
macromolecular compounds containing mesogenic
groups. In 1977, in a large review in collaboration with
N.A. Plate [3a], we summarized and presented the
literature results and our own detailed studies on
synthesis, structural features, phase behavior and
physico-chemical properties of LC polymers. A year
later, our article was published in the English version of
the same Journal [3b].

The main idea underlying the creation of LC
polymers was based on a set of works previously
developed by us on the preparation of so-called comb-
shaped polymers and study of their properties [4].

Fig. 2. Scheme of the molecular structure of a comb-shaped polymer (@), molecular model of poly-n-hexadecyl acrylate (b)
and the side group packing of this polymer in hexagonal pattern in section AB (c¢)

Fig. 2 shows a molecular model of one of these
polymers consisting of two dissimilar elements — a
main chain and long aliphatic branches [4]. These com-
pounds include a wide range of poly-n-alkyl acrylates,
poly-n-alkyl methacrylates, simple and complex poly-
n-alkyl vinyl ethers, and esters of poly-n-alkyloxiranes,
etc. Our detailed studies of the structure of such poly-
mers as well as copolymers allowed to draw an analogy
with the structural organization of low-molecular-
weight liquid crystals forming a smectic phase [5—7]. In
these early works based on our X-ray studies, it was
shown that structure of comb-like polymers is charac-
teristic of compounds in the so-called gas-crystalline
state [8], which in turn is one of the varieties of liquid
crystal state (Fig. 2, a, b). The side hydrocarbon chains
of these polymers are considered in the form of rotating
cylinders, the packing of which gives a hexagonal lat-
tice in the plane perpendicular to the axis of the cyliners

(Fig. 2, ¢). The study of oriented samples of the comb-
shaped polymers (poly-n-hexadecyl acrylate) and its
gels in long-chain aliphatic alcohols and hydrocarbons
showed that these compounds form liquid crystalline
phases. Attaching significant importance to these com-
prehensive results, the authors published their data in
the form of “a letter to the editorial board” in the Rus-
sian Journal “Polymer Science” in 1971 [9]. We quote:
“Gels in alcohols, characterized by a layered structure,
can be considered as smectic LC systems, and the ab-
sence of layer packing for hydrocarbon gels makes it
possible to classify this structure as a nematic type of
liquid crystals”.

The specific dual structure of comb-shaped
macromolecules, combining the mobility of side chains
with their tendency to order, made it possible to use
such polymers as self-organizing systems and
convenient polymer matrices for the creation of LC
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polymers. They were called comb-shaped LC polymers
(or side-chain liquid crystal polymers) and have proven
to be excellent matrices for creating the first thermo-
tropic LC polymers. In their macromolecules, side
groups simulating mesogenic fragments of low-mole-
cular-weight liquid crystals are linked to the main po-
lymer chain by flexible (for example, aliphatic) decou-
ples (spacers).

Linear

Liguid Crystal
Macromolecule

Molecules

Direct attachment of mesogenic groups to the
backbone does not usually lead to the formation of
LC polymer. This is explained by steric hindrance
imposed by the main chain on the mesogenic groups
packing

Macromolecule

It is important to note that earlier attempts to ob-
tain LC polymers by covalent attachment of liquid crys-
tals directly to the main chains of macromolecules
turned to be untenable, and the resulting polymer com-
pounds did not form a liquid crystal phase (Fig. 3). The
detailed data on the problems of creating LC polymers
are discussed in our monograph [10].
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Attachment of mesogenic groups to backbone
through the flexible spacer reduces steric restrictions
upon the mesogenic groups packing. LC phases are
being formed.

Fig. 3. Chemical linking of rigid liquid crystal molecules to flexible macromolecules

The spacer concept, first proposed and developed
by us, played a decisive role in the creation of a new
class of thermotropic LC polymers. The formulated
principle of constructing macromolecular systems,
which provides the possibility of synthesizing LC po-
lymers with mesogenic groups in the side chains, con-
sists in the chemical addition of mesogenic groups to
the side aliphatic branches of comb-like polymers
(Fig. 3). The preparation of such LC polymers is pos-
sible in two ways, as shown in Fig. 4. The method of
polymerization and copolymerization is the most con-

venient. Subsequently, more than a hundred different
LC homo- and copolymers were synthesized using this
approach [11]. It was also first used for synthesis of
cholesterol-containing LC homo- and copolymers with
smectic-type mesophases [11].

This approach has received further confirmation
and development in numerous works of Russian, Ger-
man, English, French and other researchers. Today it is
a generally accepted method for obtaining thermotropic
liquid crystals polymers with side mesogenic groups
(comb-shaped LC polymers).
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Fig. 4. Two synthesis methods of comb-shaped polymers:
a — polymer analogous reaction of the comb-shaped poly-
mer containing functional groups A with mesogenic frag-
ments containing functional groups B; » — homo- and copo-
lymerisation of mesogenic monomers with mesogenic and
non-mesogenic monomers

2. Priority issues

Considering the issue of research priority in LC
polymers, it should be emphasized that the first works
on the synthesis of "comb-shaped LC polymers" (as
mentioned above) were presented at Russian confer-
ences in 1974-1975 [1-2]. In 1975, we received a Rus-
sian patent for the invention of a method for producing
a LC polymer [6]. In 1977, in the Russian Journal, we
published the first comprehensive review — “Liquid
Crystal Polymers” [3a]. For the first time, in this paper,
the so-called "spacer concept" was described in detail,
along with the synthesis and properties of the number
of new comb-shaped LC polymers. One year later, in
1978, the paper was translated into English and pub-
lished in the journal "Polymer Science USSR" [3b].

In the same year (1978), the journal Die Macro-
moleculare Chemie published a research work of Ger-
man scientists (H. Finkelmann, H. Ringsdorf and
J. Wendorff, Fig. 5) [13]. The authors also proposed to

use the spacer concept for obtaining liquid crystal poly-
mers, which were called “side chain liquid crystal poly-
mers”. It is important to note that in ACS Symphosium
Series, the “Mesomorphic Order in Polymers” collec-
tion, in which German [13] and our [14] articles were
published, the German authors refer to our works from
1976-1977.

N. Plate V. Shibaev

H. Finkelmann

H. Ringsdorf J. Wendorff

Fig. 5. Authors of first publications on the synthesis of
thermotropic LC polymers with side chain mesogenic
groups (comb-shaped LC polymers) based
on the “spacer concept”

Fig. 5 shows the photographs of Russian and
German researchers, who almost simultaneously pub-
lished works related to the synthesis of LC thermotropic
polymers based on the spacer concept. However, with-
out going further into the details of the priority nature
of the work related to the synthesis of thermotropic LC
polymers, we would like to note only one circumstance.

In 2004, the book Crystals That Flow: Classic Pa-
pers from the History of Liquid Crystals [15] was pub-
lished by eminent scientists and devoted to the history of
discoveries in liquid crystals. This comprehensive mon-
ograph describes the most significant successes in the
study of low molecular weight liquid crystals from the
historical point of view, including Russian scientists
(Tsvetkov V.N. and Chistyakov 1.G.). However, for
some reason, the works devoted to the creation of ther-
motropic LC polymers were omitted.
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At the same time, in the 1970’s, the first works
on the development of approaches for obtaining LC
polymers were published by American scientists under
the leadership of A. Blumstein [16—17], French re-
searcher L. Strzelecki et al. [ 18], and a Hungarian group
of coauthors (G. Hardy, K. Nuitrai, F. Cser) [19]. Other
interesting approaches to the creation of LC polymers
were not even cited: see for example, the book Chemis-
try of Liquid Crystals and Mesomorphic Polymer Sys-
tems by Soviet scientists Y. Amerik and B. Krentsel
[20]. In these publications [16-20], the approaches are
based on the unrealized idea of polymerization of mon-
omers in organized anisotropic (i.e. LC) media that
would have led to the formation of polymers with an
ordered molecular and supramolecular structure.

We would like to remind that our “spacer concept
was presented in our review in the Russian Journal [3a].

In 1980, all these issues were presented in detail
in our monograph "Comb-shaped Polymers and Liquid
Crystals" published in Russian [10a] and then, its
significantly expanded English version was printed by
Plenum Press in 1987 [10b].

By the time when the Crystals That Flow mono-
graph was in print [16], several of our major scientific
publications had already existed, including the reports
from our Moscow University group at International
conferences. The author of this article for his significant
contribution to the synthesis and research of thermo-
tropic polymer liquid crystals was included in the edi-
torial board of the new International Journal "Liquid
Crystals" by invitation of G. Luckhurst and ed. Sa-
mulsky. In addition, attaching great importance to the
creation of a new class of LC compounds (namely LC
polymers), the International LC Society organized the
first International Conference exclusively devoted to
LC polymers, which took place in 1978 in Bordeaux
(France) (Fig. 6) [21]. V.P. Shibaev was invited to give
a large talk, which was published later in the special is-
sue titled “New Liquid Crystalline Materials” of the
“Molecular Crystals and Liquid Crystals” journal [22].

The conference was a great success and brought
together more than 200 participants not only from aca-
demic and university organizations, but also from large

b5

foreign companies interested in the practical use of
these new materials.

| —

" INTERNATIONAL CONPERENCE

LIQUD GRRSTAL POLSIMERS

Fig. 6. The Program and abstracts cover of the
International Conference on “Liquid Crystal Polymers”,
that took place on July 20-24, 1987 in Bordeux, France

In 1989, the reports of invited speakers were collected
in the book Side Chain Liquid Crystal Polymers
published under the editorship of C.B. McArdle
(Loctite Ireland, Ltd, Dublin) [23a]. This book was
translated into Russian [23b] under the editorship of the
author of this article. For scientific achievements, five
conference participants — A. Windle (UK), A. Blums-
tein (USA), F. Laupretre (France), V. Shibaev (USSR),
and H. Ringsdorf (Germany) — were elected as
Honorary citizens of the famous St. Emilion region,
where the conference was held (Fig. 7).

The successes in the use of main and side chain
LC polymers and their composites were also discussed
at the International Conference in Beijing in 1994,
where both Russian (V.P. Shibaev, N.A. Plate) and Ger-
man (H. Finkelmann, J. Wendorff) scientists presented
their invited talks. Interesting reports related to LC po-
lymers were also presented by C. Noel (France), J. Galli
(Italy), and a number of Chinese scientists.
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Fig. 7. Five Honorary Citizens awarded with diplomas of the Saint-Emilion province (France).
(From left to righ: A. Windle, A. Blumstein, F. Laupretre, V. Shibaev, H. Ringsdorf).
Presentation of the diploma to Prof. V.P. Shibaev

Nevertheless, in publications devoted to LC pol-
ymers with mesogenic side groups, the authors [15] re-
fer only to [12—13] as the “primary source” of works on
LC polymer creation. This disregard of our works could
be explained by difficulties in translating Russian-lan-
guage publications into English in the seventies. How-
ever, a huge time gap between the indicated late-seven-
ties works stating the Russian priority and the "histori-
cal monograph" [15] published in 2004 indicates the in-
sufficiently careful acquaintance and assessment of
Russian (Soviet) scientists’ works.
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Fig. 8. The cover of A.A. Sonin “Liquid Crystals”,
2015, Volume 2 [24]

The most objective and comprehensive historical
information is presented in the extensive two-volume
monograph written by one of the leading scientists in
the physics of liquid crystals — Doctor of Chemical and

Physical and Mathematical Sciences, Prof. A.S. Sonin
(Fig. 8) [24]. The author examines in detail a series of
works performed by the researchers from Moscow State
University under the leadership of Plate—Shibaev, no-
ting their priority not only in the development of ap-
proaches to the creation of LC comb-shaped polymers,
but also in the study of their behavior in electric and
magnetic fields, the preparation of LC gels, cholesteric
and ferroelectric LCs polymers (Ja. Freidzon, R. Tal-
rose, S. Kostromin, N. Boiko, M. Kozlovsky et. al).

This is where we will probably end the considera-
tion of issues on the priority nature, caused mainly by the
non-objectivity of the information presented in [15]. Ho-
wever, it is pleasant to note that our German colleagues,
just like our Moscow researchers, have never been en-
gaged in clarifying these priority problems among them-
selves and have always kept friendly relations.

During X. Ringsdorf’s visit to Moscow in 1977,
he invited V.P. Shibaev to work for a couple of months
in his laboratory at the Institute of Organic Chemistry
at the University of Mainz, Germany. This visit turned
out to be very fruitful: using German acrylic nematic
monomers and Russian cholesterol-containing mono-
mer synthesized by us at Moscow State University, we
(together with Dr. Heino Finkelmann) synthesized the
“first cholesteric Russian-German copolymer”. After
the return of V.P. Shibaev to Moscow and upon com-
pletion of this work we published a joint article [25].
Subsequently, we maintained friendly relations with
colleagues from Mainz and welcomed them with cordi-
ality in Moscow. (Fig. 9, 10).
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Fig. 9. Prof. X. Ringsdof and Prof. N. Plate are discussing
some problems relating to LC topics at the Polymer
Division of Moscow State University in 1977

The end of the seventies and the eighties of the
last century should be called the period of the “liquid
crystal boom”. Hundreds of new LC polymers exhibit-
ing the properties of cholesteric, nematic, and smectic
types of mesophases were obtained in different coun-
tries, methods for controlling their structure and prop-
erties using external electric and magnetic fields were
developed, and LC polymer ferroelectrics and piezoe-
lectrics were synthesized.

The “spacer concept”, which works perfectly for
the production of LC homopolymers, happened to be
very convenient for the production of more complex
systems: multifunctional LC copolymers, LC den-
drimers, and LC ionomers. The first photochromic rep-
resentatives of such systems were described by us in a
review [26] together with A. Bobrovsky and N. Boiko.
This work marked the beginning of a new active direc-
tion associated with the creation of photochromic and
multifunctional LC polymer systems.

An example of such a hypothetical macromole-
cule is shown in Fig. 11, where a variety of functional
groups can be simultaneously present. Mesogenic
groups can carry photochromic, electroactive, chiral
and other mesogenic and non-mesogenic fragments. As
non-mesogenic branchings, the side groups can include
ionogenic fragments bearing positive or negative
charges, as well as nanoparticles directly linked to the
main chain or attached through a spacer.

Fig. 10. Prof. V. Shibaev (Russia), Prof. R. Talrose (Russia)
and Prof. H. Finkelmann (Germany) in Moscow

Main chain
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Fig. 11. Schematic representation of a macromolecule of
multifunctional comb-shaped copolymer

It was shown that for manifestation of liquid-
crystalline properties, multifunctional polymer systems
must contain at least 30—35 % of mesogenic groups ca-
pable of self-organization and mesophase formation.

Figure 12 illustrates special properties of these
LC systems. As follows from Fig. 12, the LC state of
polymers is realized in the temperature range between
glass transition temperature (Tg) (or melting point tem-
perature if a polymer is able to crystallize) and isotropi-
zation temperature (Tis), above which a polymer loses
its LC properties and transforms into an isotropic melt.



V. P. Shibaev 15
Renaissance of liquid crystal polymers

Within this temperature range (Tg—Tis0), LC polymer
behaves similarly to low-molecular-weight liquid crys-
tals, producing nematic, smectic, or cholesteric phases,
and can be easily subjected to the action of external
fields (mechanical, electric, or magnetic). A unique fea-
ture of LC polymers is that after cooling below T, they
preserve the “frozen” structure inherent to the above-
mentioned phases and, together with anisotropic pro-
perties, which are either characteristic of the initial
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mesophase structure or induced by the action of exter-
nal field.

Therefore, the possibility to fix anisotropic struc-
ture of mesophase in a solid state preserving unique op-
tical properties of LC polymers offers great and fasci-
nating opportunities for the development of new inno-
vative materials with unique adjustable optical as well
as other physicochemical and mechanical properties
[27].
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Fig. 12. Scheme illustrates the existence of regions of various types of mesophases of the LC polymer and their possible
stabilization (freezing) with a given molecular orientation upon cooling or under the action of external fields

The presence of various functional groups in the
side branches of monomeric units of comb-shaped
macromolecules in combination with different
mesophases formed by them (Sm, N, Chol) opens
unlimited possibilities for creating new types of func-
tionally integrated hierarchical supramolecular struc-
tures. Such LC systems should be regarded as a fasci-
nating and delicate “soft matter”, on the basis of which
new smart and intellectual materials can be elaborated.

3. Digest of some results obtained in LC Shibaev's
group at Moscow State University

The main focus of our recent research is the de-
velopment and study of the properties of “smart” sti-
mulus-sensitive LC polymer materials. These types of
LC materials include photochromic, electrosensitive,

fluorescent polymer systems, nonlinear optical com-
pounds, ionogenic and ionophore polymers as well as
photo- and thermosensitive LC gels.

An excellent combination of physicomechanical
properties of polymers (the ability to produce stable
films, fibres, and thin-film coatings) and the unique op-
tical characteristics of liquid crystals attract researchers
to create new types of “soft matter LC materials”.

Light-sensitive LC polymers are of particular in-
terest because light offers a pure and non-contact
method of controlling optical properties of the LC ma-
terials with high spatial and temporal resolution.

Fig. 13 demonstrates different types of homo-
and copolymers containing mesogenic and photo-
chromic groups, which have been synthesized in our la-
boratory. In addition to mesogenic and photochromic
moieties, LC copolymers may contain chiral side groups
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incorporated in copolymer as individual monomer
units. Chiral and photochromic moieties can also be
integrated in one monomer unit. Besides, LC copoly-
mers can have photochromic banana-shaped and iono-
phoric groups, which are capable of complexation with

Phatochromic LC polymers
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metal species. A special type of LC compounds are
binary and ternary block copolymers with different
subblocks. Recently, cross-linked LC polymeric net-
works and LC composites attract a special interest
(Fig. 14).
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3.1. Photoorientation of photochromic LC polymers:
photorecording, photopatterning and creating
command surfaces (films)

The presence of photochromic side groups in
the comb-shaped LC polymers and copolymers deter-
mines their ability to E-Z-isomerization under the ac-
tion of polarized light. This process is accompanied
by cooperative orientation of photochromic and non-

a)

Polarized
light

photochromic groups [26—28]. The result of the pro-
cess is the appearance of dichroism and birefrin-
gence, which can be used for local recording of im-
ages and information (Fig. 15). Thin films of LC pol-
ymers with latent images can be used as transparent
optical elements for anticounterfeit production and
verification of the authenticity of some objects-copy-
protecting banknotes, securities and identity cards

[28-30].
p Polarized light
ry
\ \

-

b Unoriented LC
) polymer film

~

Glass plate /

Photochromic

groups
Photochromic group
orientation

>

-~ Introduction of liquid
crystals

crystals

~
.
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Reorientation

>

[ Orientation of liquid

"lr\\

Fig. 15: a — Photochromic group orientation under the action of polarized light. b — Successive steps of orientation
and reorientation of photochromic groups of LC polymers and liquid crystals. ¢ — Latent image of a LC cell
recorded with polarized light viewed without (left) and with (right) polarizer

3.2. Modification of surface properties of LC
polymer films and photoregulation of their

topography

The possibility of obtaining polymer films with a
“frozen” LC structure (Fig. 16) opens up unusual ways
of creating micro- or nano-surface relief on LC films.
This is most pronounced for LC polymers with choles-
teric structure, containing a small concentration of azo-

benzene chiral photochromes (with left- or right-
handed dopants). Fig. 16 demonstrates a typical set of
fingerprint confocal domains. The UV-illumination of
the film caused changes in the twisting power of the
photochromic dopants, which manifested either in in-
crease or in decrease of the helix pitch size of confocal
“domains”. A comparison of (@) and (b) of Fig. 16
shows that the average period of domain surface relief
changes from 570 to 350 nm [31].
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Fig. 16. Microphotographs of the initial cholesteric film surface with a small concentration of photochromic
dopant at room temperature («) and the same sample after UV illumination and annealing (b)

The recent studies on the effect of highly focused
green (A = 532 nm) and red light (A = 633 nm) laser
beams on the surface topography of LC polymer films
attract a special interest. Fig. 17 shows AFM images of
the surface of cyclosiloxane cholesteric film with a
dopant. Under the action of well-focused green beam, a

so-called “crater-like” structure is formed. While under
the action of red laser, a so-called “hill-like” structure
is formed. The reason for this behavior of the same
polymer under the action of green and red lasers is still
unknown and we are trying to find an explanation for
this phenomenon [32].

b

Fig. 17. Surface structures produced under the action of a well-focused green (a) and red light (b) on the film of polymer

3.3. Mechanosensitive polymer-dispersed cholesteric
liquid crystals on the base of polymer elastomers

The combination of good mechanical properties
of elastomers and the unique optical properties of liquid
crystals opens up opportunities for the production of
novel optical materials with controlled optical proper-
ties under the action of mechanical deformation.

For preparation and study of optical properties of
polymer-dispersed cholesteric liquid crystals based on

polysiloxane and polyurethane elastomers (PDLC elas-
tomers) we developed special methods.

The stretching of PDLC elastomers results in
shifting of the selective light reflection peaks to the
short-wavelength spectral region. The amplitude of the
shift depends on the stretching degree and reaches more
than 100 nm (Fig. 18, 19) [33].

The obtained polymer composites are promising
for creation optomechanical tensile and deformation
Sensors.
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1 1l

Fig. 18. Photos of deformable polyurethane composite during stretching: i) initial,
ii-iv) elongation up to 150 %, v) 3 seconds after fixation
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Fig. 19. Reflectance of the PDLC elastomer sample during
stretching. The insert notes the stretching degree
of the elastomer

3.4. Stimulus-sensitive LC complexes of triblock
copolymer films for photonics

Macromolecular structure of block-copolymers,
consisting of alternating blocks of different components
opens an unlimited number of various combinations for
design of block-copolymers with different architecture.

We have developed an original approach by
synthesizing new “hybrid” regular triblock copolymers
of A.BmA. type, consisting of LC comb-shaped
polyacrylate with side phenyl benzoate monomer units
(block Bm) and amorphous linear polyvinylpyridine
(PVP) block. The amorphous PVP “tails” (that is blocks
of A, type) were used to “load” them with
photochromic compounds. The peripheral blocks of
PVP serve as templates, the monomer units of which
can be connected with azo-containing chromophores by

hydrogen bonds (Fig. 20). In such a way a new hybrid
LC supramolecular complex is formed, having a central
comb-shaped LC block bordered on both sides by the
blocks of PVP complexes with azo-benzene
photochromes. The composition of the complexes is
easy to control by changing their content [34].
Combination of LC properties and photochromism of
the complexes of block copolymers made it possible to
use them for obtaining new photoactive media and pho-
tooptical materials. Irradiation of block-copo-lymers
films with hydrogen-bonded chromophores with line-
arly polarized light causes reversible cyclic processes
of trans-cis-trans isomerization of azobenzene-contain-
ing groups, which leads to the orientation of chromo-
phores. It is important to emphasize that mesogenic
phenyl benzoate groups of the LC subblock are addi-
tionally involved in this photoorientation process,
which is accompanied by the appearance of birefrin-
gence and optical dichroism. In other words, it becomes
possible to locally change the optical properties of pol-
ymer films under the influence of polarized light and
use these processes for recording and storing infor-
mation.

However, despite the excellent quality and high
resolution of the irradiated samples, they have a yellow
color due to the presence of azobenzene chromophores.
This fact makes the irradiated films not stable enough.
An example of a polymer film with a recorded test lat-
tice is shown in Fig. 20, (4).

At the same time a remarkable property of such
complexes is the ability to remove hydrogen-bonded
chromophores under the action of a selective solvent.
Extraction of azo-benzene from a film of block copoly-
mer complexes with recorded information make possi-
ble a complete removal of photochromic groups and ob-
taining colorless and transparent polymer films.
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Fig. 20. Sheme for the synthesis of a complex of LC triblock copolymers (1), obtaining a film from a solution by spin-coating

(2), irradiation of a film with linearly polarized light through a

mask (3), image of a film with a recorded test-grating (4),

removal of azophotochrome (5), obtaining a transparent and colorless film (6)

Image retention is determined by the present
photoorientation of lateral mesogenic phenyl benzoate
groups during preliminary irradiation of the film and
associated with modulation of the refractive index.
Hydrogen-bonded photochromic groups play their
initiating role in the form of a “seed” for recording
information, but already on a colorless and transparent
polymer.

This new and rather elegant approach for the
preparation of supramolecular linear-comb-shaped LC
triblock copolymers with hydrogen-bonded photo-
chromic fragments and their subsequent removal can be
considered as a new basis for production of new photo-
active materials for optical recording, storage, and dis-
play of optical information.

The photochromic complexes of linear-comb-
shaped LC triblock copolymers introduced in this sec-

LC polymer-QD
L0 5888 composite

- ([ oo (|)

diblock copolymer ml””

oo’

CdSe/ZnS QDs

5%&

Low-molecular-
weight LC

tion serve as a prime example of new types of polymer
materials for molecular design and the creation of trans-
parent polymer films with high image stability in the
absence of photochromes.

3.5. Hybrid fluorescent LC composites based on LC
block copolymers with quantum dots

Hybrid fluorescent LC composites containing
inorganic quantum clots (QDs) are promising materials
for many applications in optics, nanophotonics, and dis-
play technology. However, the compatibility of QDs
and organic LC matrix is a considerable challenge in
creating thewsre composites.

We have developed an approach to prepare
hybrid LC composites with rather high (10-15 wt. %)
loading of CdSe/ZnS QDs (Fig. 21) [35].

QDs decorated with LC block copolymer and
introduced into low-molecular-weight LC

Fig. 21. Preparation route of the hybrid LC composites doped with CdSe/ZnS QDs
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The approach is based on LC tri- or diblock
copolymers containing phenyl benzoate nematic comb-
shaped LC block and polyvinylpyridine blocks, which
are capable of forming coordinate bonds with the sur-
face of QDs. We demonstrate two ways to use these
block copolymers: i) as a nematic polymer matrix, or ii)
as a compatibilizer between QDs and low-molecular
weight cholesteric liquid crystals.

The resulting composites are dissolved in a
cholesteric LC mixtures for obtaining a LC system with
uniformly distributed QDs, where the LC block
copolymer acts as a highly efficient compatibilizer.

100 4
80
60 -

404

Transmittance (%)
Intensity (a.u.)

204

500 600 700
Wavelength (nm)

Fig. 22. Absorbance and fluorescence spectra of the hybrid
cholesteric composite containing 5 wt. % of QDs

Due to well-organized structure of the diblock
copolymers, QDs are arranged in either lamellar or cy-
lindrical arrays. All composite films under irradiation
with blue laser (A = 473 nm) demonstrate bright
light/emission due to the presence of QDs (Fig. 22).

The obtained composites seem to be not only the
good compatibilizers for LC organic compounds and
inorganic QDs, but a convential route for the design of
highly ordered hierarchical hybrid materials for optical
applications and fundamental research.

Instead of conclusion

Since this article is limited in scope, we could not
consider other interesting examples of stimulus sensi-
tive LC polymers, such as electro and magneto-sensi-
tive materials, photo actuators, LC composites, cross-
limited LC networks, etc. In any case, this interesting
area of a new type of “soft matter” undoubtedly requires
active attention and development of the chemical, phys-
ical, and biological research profile. In this anniversary
year of the Journal we would like to wish its Editorial

Board and staff great success in the future of developing
this interesting and mysterious LC field of research.
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