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One of the key challenge of designing hybrid liquid crystalline (LC) materials is to combine organic and
inorganic constituents in one stable system. To overcome this challenge, specially designed substances called
compatibilizers may be used but the chemical structure of these substances and their content in the system should
be adjusted properly. In this work, we optimized the chemical structure and the weight fraction of a compatibilzer
between CdSe/ZnS quantum dots (QDs) and low molecular weight cholesteric liquid crystalline (CLC) matrix. As
compatibilizers we used LC diblock copolymers containing a mesogenic block consisting of phenyl benzoate mo-
nomer units and poly(vinylpyridine) block of different polymerization degree, which is capable of binding to the
surface of various nanoparticles. Using polarized optical microscopy and absorbance spectroscopy we found that
the polymerization degree of poly(vinylpyridine) block can exert the influence on the CLC matrix properties such
as a photonic band gap width and light scattering. The obtained results allowed us to prepare the hybrid CLC
materials, which combine the high loading of QDs and unique optical properties of the cholestric phase. Our ap-
proach to creation hybrid CLC materials might be employed as a ‘‘flexible template” for the design of many other
hybrid LC systems.

Key words: cholesteric liquid crystals, quantum dots, liquid crystalline block copolymers, fluorescence, hy-
brid nanomaterials.
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ONTUMU3AIMA XUMHUUYECKOI'O CTPOEHUS COBMECTHUTEJENH HA OCHOBE
KUIAKOKPUCTAJVIMYECKUX JUBJIOK-COIIOJIMMEPOB /IS OBBEIMHEHUSA
HEOPI'AHHMYECKHUX KBAHTOBBIX TOYEK U OPTAHUYECKHUX XOJIECTEPHUYECKHUX
AKNIKNX KPUCTAJIJIOB
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Oona u3 Knouesvix 3a0ay npu ouzatiHe 2UOPUOHBIX dHcuoxkokpucmaniuveckux (JKK) mamepuanog 3axnio-
yaemcsi 6 00bEOUHEHUU OP2AHUYECKOU U HEeOP2AHUYECKOU COCMABHLIX Yacmell 8 OOHY CMAOUTbHYIO CUCHEM).
Ymobwvl pewums OanHy0 3a0ayy MO2ym Oblmb UCHONb308AHblI CHEYUAIbHO PA3PAOOMAanHble COeOUHEHUS, HA3bI-
gaemvle CosMeCmMUmMensimy, OOHAKO XUMUYECKOe CMPOeHUe SMUX COCOUHEHUl U UX COO0epiCcaHue 8 cucmeme
00J121CHbL ObIMB HO00OPaHbBL NOOXO0AUWUM 00pazom. B oanHol pabome, Mbl ONMUMUSUPOBATU XUMUYECKOE CIPOe-
HUe U MAcco8ylo 00110 cosmecmumensi medicoy keanmosvimu mouxamu (KT) CdSe/ZnS u nuzxomonexynapuoii xo-
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Jecmepudeckoli mampuyel. B xauecmee coemecmumeneil Mbl UCHONLI0BANU HCUOKOKPUCMALIUYECKUE OUONOK-
CONOAUMEPDL COOEPACAUYUE ME302EHHBIL CYOOIOK COCMOAWUTL U3 PEHUTDEHI0AMHBIX MOHOMEPHBIX 36eHbES U C)O-
O0KU NOAU(GUHUINUPUOUHA) PASHOU CMENneHlU NOTUMEPUIAYUY, KOMOopble CNOCOOHBL C8A3b18AMbCS C NOBEPXHO-
CMbI0 PAa3IUYHBIX Hanouacmuy. Hcnoav3ys nonspuzayuonHyl0 ORMUYEcKYI0 MUKPOCKONUIO U aOCOpOYUOHHYIO
CNEeKMPOCKONUIO Mbl OOHAPYICUNU, YMO CTHENeHb NOTUMepU3ayuy cyooI0Ka NOTU(BUHUINUPUOUHA) MOICEM OKA-
3b616AMb BIUSHUE HA CEOUCMBA XONECMPULECKOU MAMPUYbL, MaKue KaK WUpUHa 3anpeujeHnol omoHHOU 30Hbl U
paccesnue ceema. Tlonyuennvie pe3yromamol NO3GOIULU HAM NOLYUUMb UOPUOHDIE XOlecmepuiecKiue Mamepua-
Jbl Komopwble 00vedunsam 6 cebe gvicokoe cooepacanue KT u ynuxarbHvie onmuueckue ceolicmea xoiecmepuye-
ckoul ¢haswi. [Ipodemoncmpuposantvlil NOOX00 K CO30AHUIO 2UOPUOHBIX XOAECCMEPUYECKUX MAMEPUATLO8 MONCEm

ObIMb UCNOAB308AH KAK 2UOKUL «ULADTIORY 015 OU3AUHA MHO2UX Opyeux 2ubpudHsix KK-cucmem.
Knioueswie cnosa: xorecmepuueckue sHcuokue KpUCmaivl, KEAHMOBbLE MOUYKU, HCUOKOKPUCIAIIUYECKUE
O10K-conoaumepwl, hryopecyenyusi, 2UOPUOHble HAHOMAMEPUATTBL.

Introduction

Hybrid liquid crystalline (LC) nanomaterials
has attracted great attention of many material scien-
tists from different fields [1-6]. This attention is due
to broad possibilities of the directed design of such
materials to achieve a desirable range of their proper-
ties. Hybrid LC nanomaterials are comprised of organ-
ic and inorganic parts, thus combining features of
these dissimilar matters. The organic part is generally
a LC matrix, which provides self-assembly and anisot-
ropy, and endows the nanomaterial with sensitivity to
external fields. The role of the inorganic part can be
played by various types of nanoparticles but fluores-
cent semiconductor quantum dots (QDs) is of consid-
erable interest owing to their size-tunable properties,
high optical stability, high fluorescence yield and
emission brightness [7, 8]. Combining QDs and LC
phase in one material results in mutual tuning charac-
teristics of both constituents [9]. As example, being
introduced in nematic LCs, QDs could lower switch-
ing voltage and time from planar to homeotropic tran-
sition in the cell [10]. On the other hand, the self-
assembly of the LC matrix can organize QDs in a con-
trolled way leading to the programmed pattern for-
mation of nanoparticles [5].

A key feature of inorganic QDs is well known
to be the superior emission capability. Consequently,
introducing these nanoparticles in a LC media that is
capable to interact with light is of specific interest for
many applications. For this purpose, a cholesteric LC
(CLC) phase can be involved due to its intrinsic heli-
cal structure. The presence of helical structure in CLC
phase results in unique optical properties such as
Bragg selective light reflection and huge optical rota-
tion. CLC phase can be considered as one-dimensional
photonic crystal with a photonic band gap for circular
polarized light of the same handedness as the helical

structure. The spectral position of the photonic band
gap is defined by the pitch of helical structure and av-
erage refractive index of the CLC phase. The pitch can
be easily tuned under the action of various external
fields making it possible to adjust the spectral position
of photonic band gap [11-13]. Introducing QDs in
CLC phase has allowed hybrid LC nanomaterials with
controllable light emission to be designed [14]. The
control of light emission could be realized by various
external actions such as electrical field and light irra-
diation [15, 16]. Besides, thermo and electrically ad-
justable lasers [17, 18] as well as a single photon
source [19, 20] have been developed by the use of QD
dispersions in CLC phase. These features of CLC-QD
hybrid nanomaterials make them promising for many
practical applications such as nanophotonics, optical
coding, display technology and telecommunication.

There have been reported a great number of hy-
brid LC-QD nanomaterials including ones based on
CLCs but compatibility between inorganic nanoparti-
cles and organic LC media remains one of the crucial
problems related to the design of these materials [5,
21]. Low compatibility can result in the formation of
QD aggregates, which may make worse properties of
material or uncontrollable (or even unpredictable)
change in them over time. Usually, QDs are covered
with aliphatic ligands (oleylamine, oleic acid or oth-
ers), which are compatible rather poorly with liquid
crystals being mainly aromatic compounds. Such QDs
form stable dispersion in LC media only at rather low
concentration, about 0.01 wt. %, but even at this con-
centration small aggregates could be observed with
light scattering measurements [5]. Sometimes, optical
applications require such a low concentration and even
lower, for instance, to create single-photon sources
[19]. However, usually the concentration of QDs
should be quite high, about a few percent, to ensure
suitable intensity of light emission.
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The aggregation of QDs dispersed in low mo-
lecular weight LCs can be suppressed with ligands
containing mesogenic groups. CdSe/ZnS QDs deco-
rated with mesogen-containing ligands could be suc-
cessfully embedded in CLC phase and their weight
fraction can be reached as high as 0.05-0.1 wt. %
without aggregation [21, 22]. When excited with a
continuous wave laser, these hybrid nanomaterials
demonstrated characteristic emission for QDs cou-
pling with a cholesteric cavity. Nevertheless, the
reached QD content was not quite enough for optically
pumped lasing. The higher QD content could be
reached by the thoroughly design of complex dendritic
mesogen-containing ligands together with addition of
a certain amount of aliphatic co-surfactant [23]. The
obtained hybrid LC nanomaterials with QD loading up
to 0.25 wt. % were thermodynamically stable but this
result was shown only for a nematic phase. Thus, the
successful compatibilization of inorganic QDs and
organic CLCs is still a challenge in the field of design-
ing novel hybrid LC nanomaterials.

Recently, we have developed an approach to the
design of hybrid CLC materials based on specially
designed LC triblock copolymers [24]. CdSe/Zns QDs
coated with these LC triblock copolymers could form
stable dispersions in low molecular weight CLCs and
QD loading was as high as 1 wt. %. To assure compat-
ibilizing effect, the constituent blocks of the LC
triblock copolymers used as polymer QD ligands were
endowed with clearly designated functionality. The
end blocks of the LC triblock copolymers contained
vinylpyridine (VP) units, which can form coordinate
bonds with Zn*" ions that are located on the QD sur-
face. The central block was liquid crystalline due to
the presence of nematogenic phenyl benzoate (PhM)
groups, which provided compatibility with the CLC
phase. However, some of the LC triblock copolymers
we tested were able to provoke the aggregation of
QDs supposedly due to the potential ability of macro-
molecules of triblock copolymers to connect two dif-
ferent nanoparticles forming a “bridge”. This behavior
depended on the polymerization degree of the LC
triblock copolymers and in the case of relatively high
polymerization degree, the formation of QD aggre-
gates was not observed. This fact restricts the potenti-
alities of the application of LC triblock copolymers as
compatibilizers between QDs and LC phase because
LC block copolymers with high degree polymerization

may have poor compatibility with low-molecular
weight LCs. At the same time, diblock copolymers
cannot form any bridges between nanoparticles be-
cause they have only one binding block. Indeed, as it
was proved in our further investigation, QDs embed-
ded in LC diblock copolymers containing PhM and
VP blocks did not form any aggregates regardless of
the polymerization degree of the diblock copolymers
[25]. LC diblock copolymers thus appear more prom-
ising and flexible agents for stabilization of QD dis-
persions in LC phase than LC triblock copolymers.

Here, we aim to enhance our approach to design
of hybrid CLC materials by means of the tuning the
chemical structure of the LC block copolymer and
their weight fraction in the system. For this purpose,
we considered a series of test mixtures consisted of the
low molecular weight CLC matrix and the LC diblock
copolymers containing VP blocks of different
polymerization degree and PhM block of the invaria-
ble length. We focused on optimization of the
polymerization degree of VP block because this part
of the diblock copolymers is amorphous and it is like-
ly to have poor compatibility with CLC phase. In addi-
tion, we varied the weight fraction of diblock copoly-
mers in the test mixtures to optimize optical properties
of the test mixtures.

Experimental

Chloroform, pyridine, 4'-pentyl-4-biphenyl-
carbonitrile (5CB), and 2,6-di-tert-butyl-4-methyl-
phenol (BHT) were purchased from Aldrich. Chloro-
form was passed through aluminum oxide and dis-
tilled. Pyridine was dried over KOH and distilled over
CaH,. RM257 (Fig. 1a) were purchased from Synthon.
The synthesis of LC diblock copolymers was per-
formed by reversible addition-fragmentation transfer
polymerization as described previously [26].
CdSe/ZznS QDs covered with oleylamine and sur-
rounded by TOPO matrix were synthesized according
to a previous literature [27]. To prepare QDs coated
with LC block copolymers a ligand exchange proce-
dure was used [24]. In the course of this procedure,
oleylamine on the surface of CdSe/zZnS QDs was re-
placed by pyridine which was exchanged to a LC
block copolymer containing poly(vinylpyridine)
block. HexSorb and ButSorb (Fig. 1, a) were synthe-
sized as described previously [28].
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The low molecular weight cholesteric LC ma-
trix doped with LC block copolymers was prepared
according to the following procedure. As example, for
the CLC-10%VPx samples, RM257 (14.0 mg), 5CB
(27.9 mg), HexSorb (1.60 mg), ButSorb (1.40 mg),
BHT (0.15 mg) and a LC block copolymer (5.0 mg)
were dissolved in 1 ml of chloroform. The obtained
mixture was thoroughly stirred and dried under re-
duced pressure. Then, the mixture was placed into the
20 pum-thickness plane-parallel glass cell, both inner
surfaces of which were coated with rubbed polyimide
layer (ZLI 2650). Sample was annealed at room tem-
perature for 48 h. The hybrid CLC material was pre-
pared using the same procedure but instead of the
block copolymer, CdSe/ZnS QDs decorated with LC
block copolymer were added.

Polarizing optical microscopic (POM) observa-
tions were conducted on LOMO P-112 polarizing mi-
croscope equipped with CCD camera and Mettler TA-
400 heating stage.

Absorbance spectra of the composites were rec-
orded by Unicam UV-500 UV-Vis spectrophotometer.
Fluorescence spectra were recorded using M266 au-
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tomated monochromator/spectrograph (SOLAR Laser
Systems, Belarus) equipped with CCD U2C-16H7317
(Ormins, Belarus), homemade light-collecting inverted
system using 100X/0.80 MPLAPON lens (Olympus,
Japan) and homemade confocal unit with two 100 mm
objective lenses. Exciting light was cut off by Sem-
rock 488-nm RazorEdge® ultrasteep longpass edge
filters (Semrock, USA). Fluorescence of QDs was ex-
cited by KLM-473/h-150 laser (Plazma, Russia) oper-
ating at 473 nm. An incident light intensity was equal
to 50 mW/cm? as measured with LaserMate-Q (Co-
herent) intensity meter.

Results and Discussion

To prepare a cholestreric martix we used the
mixture of two nematogenic compounds, 5CB and
RM257, doped with two chiral additives, HexSorb and
ButSorb (Fig. 1, a). The role of RM257 was to increase
the isotropization temperature of the cholesteric matrix.
The ratio between 5CB and RM257 was equal to 2:1
resulting in appropriate clear temperature [29].
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Fig. 1. The chemical structure of diblock copolymers and constituents of the CLC matrix (a),
the schematic route of the preparation of hybrid CLC materials (b)
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Two chiral additives were added to decrease the con-
centration of each of them due to their limited solubili-
ty in the cholesteric matrix. The total weight fraction
of the chiral additives was 6 wt. % in all the prepared
samples, which had the selective light reflection in the
visible region of the spectrum. As RM257 is a cross-
linkable compound inclined to a spontaneous polymer-
ization, an inhibitor of radical polymerization, butylat-
ed hydroxytoluene (BHT), was included in the choles-
teric matrix. The compositions of all the test mixtures
are shown in Table 1. The test mixtures are marked as
CLC-w%VPx, where w and x stand for the weight

Table 1. The composition of the studied CLC samples

fraction of a block copolymer and the polymerization
degree of the VP block, respectively.

As seen from Fig. 1, b, the hybrid CLC materi-
als were prepared by introducing CdSe/ZnS QDs dec-
orated with the LC diblock copolymers in the CLC
matrix. The same route was used for the test mixtures
but instead of QDs coated with block copolymers, on-
ly the LC block copolymers were added. To study op-
tical properties, the mixtures were places in 20-pm-
thickness cells because this type of samples is of inter-
est for our future studies.

Weight fraction, %
Sample
5CB RM257 Block copolymer ButSorb HexSorb BHT
CLC 62.5 31.2 0 2.8 3.2 0.3
CLC-5 %VPx* 59.2 29.5 5.0 2.8 3.2 0.3
CLC-10 %VPx* 55.7 28.0 10.0 2.8 3.2 0.3
*x =60, 120

According to POM, the initial CLC matrix has a
planar texture with thin oily streaks, which are typical
defects of the cholesteric phase (Fig. 2, a). Introducing
either of the LC diblock copolymers provoked an in-
crease in number of defects, as it can be seen for CLC-
10%VP60 and CLC-10%VP120 (Fig. 2, b and c). The

texture of CLC-10%VP120 has an extremely dense
network of oily streaks, which can cause substantial
light scattering. CLC-10%VP60 shows a sparser net-
work of oily streaks and dimensions of defect-free
areas are not more than 100 pm.

Fig. 2. POM images of (a) the CLC matrix and the samples (b) CLC-10%VP120,
(c) CLC-10%VP60. Scale bar is 100 um
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As defects occupy appreciable volume of the
samples, we tested CLC-5%VP60 and CLC-5%VP120
with the weight fraction of the diblock copolymers
equal only to 5 wt. %. In the case of CLC-5%VP120,
the texture is characterized by a dense network of oily
streaks, which is the same as observed for CLC-
10%VP120 (Fig. 3, a). Therefore, pVPiz-b-pPhMyg
appears to have poor compatibility with the CLC ma-

trix under examination. Strong incompatibility be-
tween pVPi,0-b-pPhMy, and the CLC matrix may be
due to the high content of VP block in this diblock
copolymer. Obviously, the amorphous VP block can-
not be incorporated in the CLC phase without disturb-
ance of the LC order. To put it in another way, the
CLC phase should tend to eject the VP blocks, which
is likely to be accumulated into defective areas.

Fig. 3. POM images of the samples (a) CLC-5%VP120, (b) CLC-5%VP60, and (c) CLC-5%QDs@VP60.
Scale bar is 100 pm

On the contrary, CLC-5%VP60 demonstrates
quite sparse network of oily streaks with thickness of
oily streaks being comparable with the initial CLC
matrix (Fig. 3, b). This fact indicates that pVPgp-b-
pPhMy, has proper compatibility with the CLC matrix
and it is more suitable as a ligand of QDs to prepare
hybrid CLC materials. Note that we did not continue
decreasing the weight fraction of the diblock copoly-
mers because the fraction of them should be as high as
possible to stabilize the high content of QDs.

All the test mixtures formed the cholesteric
phase at room temperature as well as the initial CLC
matrix, but the isotropization temperature of the test
mixture was slightly higher than that of the CLC ma-
trix (Table 2). This fact is supposed to be associated
with the doping of the CLC matrix with PhM blocks,
which have relatively high isotropization temperature
equal to about 120 °C [30].

Table 2. Phase behavior and parameters of the selective light reflection of the CLC matrix and the test mixtures

Sample Phase behavior* Amax, NM FWHM** nm
CLC Ch 56 Iso 587 75
CLC-10%VP60 Ch 59 Iso 574 95
CLC-10%VP120 Ch 59 Iso 562 110
CLC-5%VP60 Ch 59 Iso 580 89
CLC-5%VP120 Ch 59 Iso 561 110

*Ch is a cholesteric phase and Iso is a isotropic melt.
**Full width at half maximum
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Absorbance spectra of the test mixtures and the
CLC matrix have a typical peak in the visible region
of the spectrum, which corroborates the presence of
the cholesteric phase (Fig. 4). The peaks of the test
mixtures are blue-shifted in comparison with that of
the initial CLC matrix, the shift being higher for the
test mixtures containing pVP1z-b-pPhMy, (Fig. 4, Ta-
ble 2). This fact indicates that the higher weight frac-
tion of VP block in LC block copolymers, the more
pronounced blue shift observed. As the amorphous VP
block cannot participate in the formation of cholesteric
phase, the number of mesogenic groups per one mole-
cules of the chiral additives should be higher for the
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test mixtures containing pVPix-b-pPhMg in com-
pared with those containing pVPg-b-pPhM,,. Conse-
quently, the pitch of the helix structure should be
shorter for the test mixture containing pVPiy-b-
pPhMy,. Note that when the weight fraction of pVPso-
b-pPhMy, is decreased, the test mixtures CLC-
w%VP60 show the decrease in blue shift and full
width at half maximum (FWHM) of the peaks. In oth-
er words, the peak of the selective light reflection be-
comes more similar to that of the initial CLC matrix.
At the same time, both mixtures containing pVP12-b-
pPhMy have almost the same peak position and
FWHM of their peaks.
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Fig. 4. Absorbance spectra of the initial CLC matrix and the test mixtures with the LC diblock copolymers

Besides blue shifting, the peak broadening in
terms of FWMH is more pronounced for the mixtures
doped with pVP1,0-b-pPhMy,. This fact, along with the
distortion of peak shape and strong light scattering,
indicates that pVP1,0-b-pPhMyo has poor compatibility
with the CLC matrix. These findings are in complete
agreement with POM images, which indicate that in-
troducing pVP120-b-pPhMy, gives rise to appearance of
a strong network of oily streaks. On the contrary, the
test mixtures with pVPg-b-pPhM,, demonstrate peaks
with shape similar to the initial CLC mixture and rela-
tively low light scattering. Therefore, this block co-
polymer was chosen for the preparation of hybrid CLC
materials.

The hybrid CLC material CLC-5%QDs@ VP60
was prepared similar to the test mixtures but instead of
a LC block copolymer, an LC polymer-QD composite
was added. The LC polymer-QD composite was made
of the LC diblock copolymer pVPgs-b-pPhM,, and
CdSe/ZnS QDs as described previously [25]. Relying
on the properties of the test mixtures discussed above,
the weight fraction of the LC polymer-QD composite
in CLC-5%QDs@VP60 was taken equal to 5 wt. %.
Since the LC polymer-QD composite contained 20 wt.
% of QDs, we reached 1 wt. % of QD loading in the
hybrid CLC material.
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As determined by POM, CLC-5%QDs@VP60
is characterized by a typical texture with oily streaks
confirming the formation of the CLC phase (Fig. 3, c).
The obtained POM image contains large defect-free
areas, which have dimensions up to several hundreds
of  micrometers.  Absorbance  spectrum  of
CLC-5%QDs@VP60 demonstrates the fine peak in
the visible region of the spectrum with Ay = 579 Nm
and FWHM = 85 nm (Fig. 5, a). The obtained peak
parameters are close to those of CLC-5%VP60 point-
ing out that QDs are successfully embedded in the
cholesteric phase. At wavelengths outside the photonic
band gap, transmittance is as high as 90 % indicating
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quite low light scattering of this sample. Note that
CLC-5%QD@VP60 shows lower intensity of light
scattering as opposed to the test mixtures doped with
PVPso-b-pPhMyo. This fact may be associated with the
structuring impact of QDs. Indeed, as VP blocks tend
to be bound to the QD surface, the block copolymer
pVPgo-b-pPhMy, should form a shell around QDs
(Fig. 5, b). Outside of this shell is decorated with
mesogenic PhM groups, which conceal the VP block
from the CLC matrix. Being shielded by PhM groups,
the some parts of VP blocks cannot induce oily streaks
and lower light scattering thus is observed.

b

Fig. 5. Absorbance and fluorescence spectra (a) and the proposed schematic representation of the inner
structure of the hybrid CLC material CLC-5%QDs@ VP60 (b) (for simplicity the cholesteric helix is omitted)

Under irradiation with a blue laser (Aex = 473 nm,
| = 200 mW cm?), the samples of CLC-5%VP60
demonstrate light emission due to the presence of
QDs. Therefore, the obtained hybrid CLC material
combines optical features of cholestric phase and fluo-
rescent properties of QDs. The emitted light is unpo-
larized because the peak of florescence and the spec-
tral position of the photonic band gap do not match in
the prepared hybrid CLC material. To overlap them,
the concentration of the chiral additives should be ad-
justed properly in hybrid CLC materials. If overlap-
ping between florescence spectrum and the photonic
band gap happens, resonance between emitted light
and cholesteric microcavity can be achieved and fine
controlling of light emission can be realized [31]. Tun-
ing the spectral position of the photonic band gap with

external fields, one can control the wavelength of the
emission, its polarization state and intensity [14]. In
addition, taking into account the high QD loading, our
hybrid materials may be considered as a promising
media for lasing. These phenomena will be the focus
of our attention in the further studies.

Conclusions

In the present paper, we have attempted to en-
hance our approach to the preparation of hybrid mate-
rials that are based on inorganic CdSe/ZnS QDs and
organic CLC matrix. This enhancement was to find
the optimal weight fraction and chemical structure of
LC diblock copolymers that provide compatibility be-
tween QDs and CLC matrix.
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The LC diblock copolymers were consisted of
polydentate ligand block of poly(vinylpyridine) and
LC block containing phenyl benzoate groups. For op-
timization purposes, we have prepared and studied a
series of test mixtures based on CLC matrix doped
with LC diblock copolymers. Investigation of these
test mixtures allowed optimal polymerization degree
of poly(vinylpyridine) block and their weight fraction
to be determined. The polymerization degree of
poly(vinylpyridine) block was varied from 60 to 120
monomer units and the weight fraction of block co-
polymers was 5 or 10 wt. %. It was found that the
block copolymer with long poly(vinylpyridine) block
induced dense network of oily streaks in the CLC ma-
trix resulting in strong light scattering. At the same
time, the test mixtures containing the block copolymer
with shorter poly(vinylpyridine) block had sparse net-
work of oily streaks and low light scattering, especial-
ly at the weight fraction equal to 5 wt. %. Taking into
account these results, we prepared the hybrid CLC
material with the high QD loading equal to 1 wt. %
that combine the fluorescence properties of QDs and
the optical features of CLCs. Note that the obtained
hybrid CLC materials were characterized by lower
light scattering in comparison with the test mixtures
that is likely to be due to the structuring impact of
QDs on LC block copolymers. These findings is sup-
posed to extend the potentials of the designing hybrid
LC systems being promising materials for optical ap-
plications and fundamental research.

This study was financially supported by the Russian
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