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Comparative studies were carried out of cholesteric liquid crystal dispersions of anisot-
ropic nanoparticles of different types, namely, essentially rod-like carbon nanotubes (CNT)
and plate-like exfoliated particles of organo-modified Laponite and montmorillonite clays.
The characteristic properties under study were selective reflection spectra of the
cholesteric planar structure and optical transmission changes at the transition tempera-
tures to the isotropic phase. Marked differences were noted in CNT-containing systems for
purely steroid matrices and nematic-cholesteric mixtures with nematic 5CB, which presum-
ably reflected differences in CNT interaction with aromatic and non-aromatic molecules.
Effects of clay platelets upon selective reflection spectra were much smaller as compared
to CNTs, in agreement with our assumption that dispersed plate-like particles should
stabilize the planar cholesteric texture. The processes of CNT aggregation were markedly
slower in cholesteric matrices as compared with nematics due to higher effective viscosity.

IIpoBeneHbl CpaBHUTENBHBIE MCCAEIOBAHUS JUCIEPCUI AHM30TPOMIHBIX YACTHUIL] PASIUYHBIX
THUIIOB B XOJECTEPUUYECKUX MUAKUX KPHUCTANIAX, 4 UMEHHO, CTEPIKHEOOPA3HBIX YIJIEPOLHBIX
nHanorpy6ox (VHT) m miuacTuHUATHIX SKCPOIUMPOBAHHBIX UYACTHUI[ OPraHOMOTUMUIIMPOBAH-
HBIX I'IMH — JIAIIOHUTA XM MOHTMOPHMJLIOHHTA. [ XapakTepusaluu KCIOJIb30BAHBI CIIEKTPHI
CEJIEKTUBHOI'O0 OTPAMKEHHUS XOJECTEPUUECKON IIJIOCKOU TEeKCTYpPhl M BEJNYMHA H3MEHEeHHS
ONITUYECKOT0 IIPOINYCKAHMUS IPH TeMIlepaType Iiepexoga B H30TponHyio ¢asy. OTMeueHBI
3HAYMUTEJbHBbIE pasamumsa miasa cucreM ¢ YHT Ha OCHOBE 4YHCTO CTEPOUAHBIX MATPHUL U
HEeMaTHKO-X0JeCTeEPUUECKUX cMecell ¢ Hemaruueckum 5CB, Koropnle, BepOsATHO, OTOOpAKAIOT
pasanund Bo B3aumogelicteuu YHT ¢ apoMarnuyeCKMMH M HEapOMaTUUYECKUMU MOJIEKYJIAMH.
BiausHre mIacTUHOK TJAWH HA CEJEKTHBHOE OTpaKeHHe OBbLIO 3HAUUTENbHO MEHBIINM IIO
cpaBHenuio ¢ YHT, uro MOXHO O0BACHUTH CTAOMIN3UPYIOMMM AEHCTBUEM IIJIOCKHX YACTIHIIL
Ha IIJIAHAPHYIO XOJIECTePUUECKYI0 TeKCcTypy. IIpomeccer arperanuu YHT npoxoxzuau B xoJjec-
TEePUUYECKUX MATPUIAX 3HAUUTENHHO MeIJIeHHee, YeM B HeMATUKAaX, BeieacTBue 0ojiee BBICO-
KOU BABKOCTH.
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1. Introduction

Dispersions of carbon nanotubes (CNT)
and other types of anisometric micro- and
nanoparticles in liquid ecrystalline (LC)
media have rapidly developed into a new
class of composite materials with broad
prospects of their practical application [1-
4]. CNT dispersions in nematic LC have
been thoroughly studied in many works, in-
cluding our previous papers ([5—9] and ref-
erences therein). Also known are nematic
dispersions of montmorillonite (MMT) and
other similar clay-like substances [10, 11].
One should also note works on "hybrid™ ne-
matic dispersions comprising both types of
particles [4, 12]. Much less attention was
paid to dispersions of anisotropic nanoparti-
cles in cholesteric liquid crystals (CLC). We
could note only five publications on
CLC+CNT dispersions [13-17], and only
two of them explicitly consider selective re-
flection [13, 17]. In all these cases, just
some qualitative effects were noted for arbi-
trarily chosen systems, with no systematic
analysis of the mechanisms involved. As for
CLC+MMT dispersions, no studies have
been reported by the present time.

In the present work, we attempted to
carry out comparative studies of CLC dis-
persions of carbon nanotubes (essentially
rod-like particles) and plate-like particles of
organo-modified Laponite (LapO) and mont-
morillonite (OMMT) under similar experi-
mental conditions, using cholesteric matri-
ces of different chemical composition.

2. Materials and methods

Two different cholesteric hosts were
used: (1) a "steroid” cholesteric mixture of
80 % COC (cholesteryl oleyl carbonate,
Aldrich, USA) and 20 % CC (cholesteryl
chloride, Chemical Reagents Plant,
Kharkiv, Ukraine), hereafter referred to as
COC/CC, and (2) a "nematic-cholesteric”
mixture of 70 % COC/CC and 30 % ne-
matic 5CB (4-pentyl-4’-cyanobiphenyl). The
multi-walled carbon nanotubes of diameter
d ~ 10 nm and length [ ~ 5-10 um were ob-
tained from Arry, Germany. The samples of
organo-modified clays, LapO and OMMT,
were prepared by ion-exchange reactions
with clays (Laponite and Pyzhevsky MMT,
respectively) using the surfactant cetyl-
trimethylammoniumbromide (CTAB,
C16H33—N(CH3)3BF, Fluka, Germany) with
99.5 % purity [10, 11]. The CLC+CNT and
CLC+LapO and CLC+OMMT dispersions
were obtained by adding the appropriate
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weights of the dispersed substance to CLC
solvent in the isotropic state with sub-
sequent 20—30 min sonication of the mix-
ture using a UZDN-2T ultrasonic disperser,
in accordance with procedure essentially
similar to that used in our previous works
[5, 8,12, 13].

The optical transmission spectra were
measured using a Hitachi 830 spectro-
photometer in a 50 mm thick cell with tem-
perature controlled by a water thermostat.
The studied dispersion was introduced be-
tween the cell walls by the capillary forces
at a temperature above the cholesteric-iso-
tropic transition point. The cell walls were
treated with polyvinyl alcohol water solu-
tion and, after drying, rubbed in one direc-
tion to obtain the planar texture [13]. The
regions of the measured spectra correspond-
ing to selective reflection bands of
cholesteric planar texture were used to de-
termine the wavelength of maximum selec-
tive reflection A,,, (A,.r = np, Where p is
the helical pitch, and n ~ 1.5 is the average
refractivity index). In another set of experi-
ments, the optical transmission values were
determined at 800 nm, i.e., well above the
absorption and selective reflection bands of
the CLC solvents used. The change in the
optical transmission values at the transition
temperature from cholesteric to isotropic
phase (the transmission "jump”) was consid-
ered as a measure of incorporation of an-
isometric particles into the orientationally
ordered liquid crystal structure [5, 6]; in
some cases, not just the "jump”, but the
difference between optical transmission val-
ues in the cholesteric phase at room tem-
perature and in the isotropic phase could be
taken as a more adequate measure of the
characteristic value.

3. Results and discussion

Fig. 1 shows the wavelength of selective
reflection maximum A,,, as function of
temperature for the studied cholesteric mix-
tures containing (dashed lines) and not con-
taining (solid lines) dispersed carbon nano-
tubes. Upon addition of CNT, the general
character of the A, ,.(¢) plots remains the
same, with a very slight decrease of the
isotropic phase transition temperature. The
Amax Values are changed by ~10 nm, and it
should be noted that direction of this shift
is different for "steroid” and nematic-
cholesteric mixtures. This obviously reflects
different character of intermolecular inter-
action between carbon nanotubes and mole-
cules of different chemical nature in CLC
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Fig. 1. Selective reflection maximum as func-
tion of temperature for cholesteric mixtures
doped with carbon nanotubes: I — nematic-
cholesteric mixture (70 % [COC/CC 80:20]
and 30 % 5CB), undoped; 2 — the same mix-
ture with 0.1 % CNT; 3 — steroid
cholesteric mixture (COC/CC 80:20) with
0.1 % NT; 4 — the same mixture, undoped.

mixtures (aromatic 5CB and aliphatic cho-
lesterol derivatives).

In Fig. 2, selective reflection spectra are
shown for the nematic-cholesteric mixture
doped with CNT, LapO and OMMT. Plots
1-4 were obtained at 35°C, i.e., rather close
(within 5°C) to the isotropic transition tem-
perature. It can be seen that plate-like par-
ticles of LapO (curve 2) and OMMT (curve
3) practically do not affect the shape of the
initial peak, i.e., do not deteriorate the pla-
nar cholesteric texture. It can be assumed
that the plate-like particles of LapO and
OMMT are oriented normally to the helical
axis by the planar helical arrangement of
the host. Such integration of plate-like par-
ticles can even improve the planar texture in-
duced by the appropriately treated cell sur-
faces, largely compensating for possible nega-
tive effect on the orientational ordering.

From the other side, much smaller quan-
tities of carbon nanotubes slightly, but ob-
viously affect the liquid ecrystal ordering,
which results in broadening of the selective
reflection peak (curve 4). Moreover, under
cooling to lower temperatures the peak be-
comes even more smeared with a tendency
to gradual appearance of two separate peaks
at lower temperatures (curve 5). This also is
a manifestation of different character of
CNT interaction with aromatic and non-aro-
matic host molecules.

Figs. 3, 4 show optical transmission vs.
temperature data for the studied nematic-
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Fig. 2. Selective reflection spectra of the ne-
matic-cholesteric mixture (70 % [COC/CC
80:20] and 30 % 5CB) at 35°C (I — undoped mix-
ture; 2 — mixture with 2 % LapO; 3 — mixture
with 2 % OMMT; 4 — mixture with 0.1 % CNT)
and at 25°C (5 — mixture with 0.1 % CNT).

cholesteric mixtures (COC+CC+5CB) doped
by carbon nanotubes with two different con-
centrations of CNT. The CNT concentration
of 0.01 % is below the critical point of ag-
gregation [7, 9], and the effects of nanotube
aggregation could be expected to be negli-
gible. In this case (Fig. 3), the change
("jump”) in optical transmission at the tem-
perature of phase transition to the isotropic
phase (at ~39°C) noted for the undoped mix-
ture (curve 1) somewhat increases upon ad-
dition of CNT (curve 2). The viscosity of
the nematic-cholesteric mixtures was rather
high as compared with pure 5CB, and in
accordance with expectations, after the sam-
ple storage no signs of CNT aggregation
were observed by optical microscopy. How-
ever, after 2 h storage of the sample this
"jump” becomes more pronounced (curve 3),
especially when we take into account the
overall increase in the temperature range
from ~25°C to the isotropic phase. This be-
havior can be related to much higher viscos-
ity of the cholesteric mixture as compared
with pure 5CB — the process of homogeni-
zation of the dispersion is rather slow and
continues for some time after ultrasonica-
tion (a certain analogy can be made, e.g.,
with processes during "dark storage” after
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Fig. 3. Optical transmission as function of
temperature for nematic-cholesteric mixture
(70 % [COC/CC 80:20] and 30 % 5CB): I —
undoped mixture; 2 — mixture with 0.01 %
dispersed carbon nanotubes after ultrasonica-
tion; 3 — the same mixture after 2 h storage
at room temperature.

UV irradiation). As it could be expected, no
signs of CNT aggregation were noted in op-
tical microscopy observations.

At CNT concentration of 0.1 %, i.e.,
above the nanotube aggregation threshold,
the observed behavior was essentially differ-
ent (Fig. 4). The transmission jump is no-
ticeably increased upon introduction of
nanotubes, and after the storage it becomes
smaller, just as in the "standard” case of
CNT dispersed in a nematic matrix. It can
be assumed that this (as in the "nematic”
case) reflects the process of aggregate for-
mation. The aggregates formed can be seen
in the optical microscope; it can be noted
that the aggregation in the nematic-
cholesteric mixture goes less intensively as
compared with the pure nematic matrix. A
similar behavior was observed for CNT dis-
persions in the "steroid” (COC/CC) matrix,
but with much weaker effects, presumably
due to larger viscosity of the matrix and
weaker interaction of nanotubes with the
liquid crystal host.

3. Conclusions

The reported preliminary results of our
work allow us to formulate at least three
"points of novelty":

— Dispersions of exfoliated platelets of
organo-modified clays (montmorillonite and
Laponite) in cholesteric liquid crystals
(CLC) were studied for the first time, and
their stabilizing effect on cholesteric planar
texture was established.

— Dispersions of carbon nanotubes in
CLC were studied using two types of
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Fig. 4. Optical transmission as function of
temperature for nematic-cholesteric mixture
(70 % [COC/CC 80:20] and 30 % 5CB): un-
doped mixture (upper curve); mixture with
0.1 % of dispersed carbon nanotubes after
ultrasonication (lower curve); the same mix-
ture after 2 h storage at room temperature
(dashed curve).

cholesteric hosts: mixtures of cholesterol
derivatives and nematic-cholesteric mix-
tures containing cyanobiphenyl nematic
5CB. It has been shown that selective reflec-
tion spectra of such systems are sensible to
the interactions between carbon nanotubes
and molecules of different chemical nature.

— Processes of nanotube aggregation are
qualitatively similar in both nematic and
cholesteric dispersions, though higher effec-
tive viscosity of cholesteric mesophase re-
sults in slower aggregation.
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Hducnepcii ByrJjeneBux HaAHOTPYOOK
Ta IJIATIBOK OpraHoMoau(iKoBaHUX TJIIUH
B XOJIECTEPUYHHUX PiIKHUX KpHCTAJaX

A.M.Yenixoe, C.C.Minenxo, JI.M./JIuceyvruii,
M.1.Jle6o6xa, H.B.Yconvyesa, M.C.Cockin

ITpoBeneno mopiBHANBHI mocaimKeHHsA mucIepcili aHI3OTPOIHMX YACTHHOK DPI3HUX THIIIB
y XOJIECTEPHUUYHHX PIIKMX KpPUCTAIAX, 4 caMe, CTPUIKHENOZiOHMX ByIJIEIeBUX HAHOTPYOOK
(BHT) Ta naariBxkomoxibuux erchoailioBaHMX UYACTHHOK OpPraHoMoin(iKoBaHUX TIJIHH —
JAIOHITY Ta MOHTMOPUJIOHITY. s xapaktepmsanii BUKOPHCTAHO CIEKTPU CEJIEKTHUBHOI'O
BigOuMBaHHA XOJIECTEPUYHOI IIJIAHAPHOI TEKCTYPH Ta 3MiHM BEJUYNHN ONTUYHOTO HPOIYCKAaH-
HA IpH TeMIlepaTypi mepexony B isorpouny ¢asy. BigsmaueHo smauni BigmimHocTi KI5
cucrem 3 BHT Ha ocHOBi cyTO cTepOigHMX MATPUIh TA HEMATHKO-XOJECTEPUUHUX CyMiIlieil 3
memartnunuMm 5CB, aki, Biporigmo, BigobGpaxarors pisHuiio y szaemoxii BHT 3 apomaruunu-
MU Ta HeapoOMaTHUYHHMMN MOJIEKYyJaMHi. BIJIUB IJIaTiBOK I'JIMH HA CeJeKTHUBHE BigOuBaHHA OYEB
sHauHo MeHIui y nopieusuui 3 BHT, mo moxHa moscHuTH crabiirisdyouorm gieo miIackux
YACTHHOK Ha IIJIaHAPHY XoJiecTepuuHy Tekcrypy. Ilpomecu arperariii BHT B xoxecrepuunux
MAaTPUIAX HIYThL SHAYHO IIOBiJbHIiNIe, HiK y HeMATHKaX, BHACIIZOK OLIbI BHUCOKOI edeK-
TUBHOI B’sI3KOCTi.
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