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Liquid crystal dispersions containing
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Optical transmission and optical microscopy studies have been carried out for disper-
sions of organomodified laponite in cholesteric liquid crystal (CLC) matrices. Laponite
samples with different degree of exfoliation, obtained by different treatment procedures,
were used, with laponite concentration in the dispersions varying from 0.05 to 0.4 % . The
results obtained were compared to previously reported data on dispersions of carbon
nanotubes in similar experimental conditions. As a general tendency, at low concentrations
the nanoparticles tended to accumulate at the CLC texture defects, while at higher
concentrations they became dispersed in the anisotropic liquid crystalline structure, with
the degree of homogeneity and particle aggregation features depending upon specific
features of each case.
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ITpoBegeHsl MCCAETOBAHMS METOZAMH ONTHUECKOTO MPOMYCKAHWA W ONMTHUECKONl MHKPO-
CKOTIUU [JIA AVCTIEPCUI OPTaHOMOAMMPUIIMPOBAHHOTO JATIOHHUTA B XOJIECTEPHUUECKUX JKUIKO-
kpuctananueckux (XyKK) marpunax. Hcenoab3oBanbl 00pasilhl JAMOHUTA ¢ PAa3JTUYHON cTe-
MEeHBI0 dKcdogUaANY, TONYUeHHBIe PA3MHUUHBEIMM CHOCOBaMU, TPU COAEP:KAHUN JIATIOHWUTA B
nucrepeusx ot 0,05 % mo 0,4 %. IIpoBemeno comocraBjeHre Pe3yabTATOB € paHee MOJydYeH-
HBEIMU JaHHBIMU MO AUCIEPCUAM YTJIEPOAHBIX HAHOTPYOOK B aHAJOTHUYHBIX SKCIEPUMEHTAJb-
HBIX yeaoBusax. O61ieil TengeHnneil ABAAETCA CTPEMJEHNE HAHOYACTUI TPU MAJBIX KOHI[EHT-
panuax pacmojaratbea Ha mederTax TekeTypbl XJKK, Torza xKark mpwm 6ojiee BBRICOKHMX KOH-
IEeHTPAUAX OHU PACTPEAESAIOTCS B AHU30TPOTHON KUAKOKPUCTANINYECKOH CTPYKTYpe.
ITpu sTOM cTemeHL TOMOTEHHOCTM U XapPaKTep arperamuyl YacTHUI[ BaBUCENN OT KOHKPETHBIX
0CcOOeHHOCTEH KaKI0TO CIyUasd.

Pigxokpueraxiuni pucmepeii, mo MicTATh, HAHOYACTHMHKH Pi3HOI aHizomertpii: Byrie-
nesi HamoTpy6km Ta opramomommdikoBammit mamomit. O.M.Camoiinos, C.C.Minenro,
JI.M.Jduceuvruii, 0.0.Conositosa, M.I.JIe6osérxa, M.B.Bicomak.

ITpoBemeno mociim:KeHHS METOZAMU OITHUYHOIO IIPOIYCKAHHS Ta ONTHYHOI MiKpocKomii
oas guciepciii opraHomMomsu@iKoBaHOIrO JAIOHITY y XOJIECTEPUUHHX PIAKOKpHUCTAIIYHUX
(XPK) marpunax. Buropucramo spasyku JamnoHitTy 8 pisaum crymeHem excdouaiamii, orpu-
MaHl 3a pisHmMmM MeToguMKaMu OOPOOKH, 3 KOHIEHTPAI[laMM JIAIIOHITY y [IHCIEpPCcisax Bing
0,05 % mo 0,4 % . IIpoBeneHo NMOPiBHAHHS OTPHUMAHHX Pe3yJbTATIB 3 PaHilie ogep:KaHUMU
OIaHUMHU [IJd OHCIEPCiii ByrierneBMX HAHOTPYOOK B aHAJNOrIUHHUX €KCIePHMEHTAJbHUX YMO-
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BaxX. Sk saranbHa TeHAEHIlid, Ha MaJUX KOHIEHTPAIliAX HAHOYACTMHKU 30upajuca Ha [e-
dexrax Texcrypu XPK, a mpm O6inpmInX KOHIEHTPAIIAX BOHU POSTOAINIANUCA Yy aHiszo-
TPONHIA pigKOKpUCTANIUHITT CTPYKTYPi, IPUUOMY CTYIiHb I'OMOTE€HHOCTI Ta XapakKTep arpe-
raiii 4YacTMHOK 3aJeKalaM Bil KOHKPETHNX YMOB KOMKHOTO BUIAJKY.

1. Introduction

One of the promising classes of new com-
posite nanomaterials are dispersions of vari-
ous nanoparticles in liquid crystal (LC) ma-
trices [1-4]. Among various types of
nanoparticles used in such studies, great at-
tention is attired by carbon nanotubes
(CNT), which in many cases can improve the
performance characteristics of LC materials
or give rise to novel electrooptical or other
practically significant effects [5—8]. Among
the examples are disc- or plate-like particles
of exfoliated montmorillonite (MMT) [9-11]
or laponite (LPT) [12, 13]. Since MMT and
LPT are generally used in a chemically
modified form, they are generally desig-
nated as "modified organoclays”.

In our recent papers [14-16], we have
shown that addition of dispersed CNTs to
cholesteric liquid crystals (CLC) can lead to
substantial changes in the textures of the
matrix CLC samples, which is accompanied
for essentially nonlinear variation of optical
density with increased concentration of
nanotubes. In particular, at low concentra-
tions the introduced CNTs tend to locate
themselves at structural defects of the pla-
nar cholesteric texture (e.g., at so-called
"oily steaks”). When the concentration of
CNTs is increased (to about 0.1 %), they
tend to form aggregates of their own in the
bulk of the cholesteric texture, and the in-
itial oily steaks largely disappear. In the
present work, we carried out similar optical
density and optical microscopy studies of
CLC with dispersed particles of laponite. An
important question related to general prob-
lems of liquid ecrystal dispersions of
nanoparticles was to clear up whether the
effects of laponite on CLC texture would be
similar or not to those of CNTs. Another
question was to check eventual differences
in behavior of different kinds of organo-
modified laponite.

2. Materials and methods

The photoactive nematic ZhK440 (a mix-
ture of 4-n-butyl-4-methoxyazoxybenzene +
4-n-butyl-4’-heptanoylazoxybenzene in 2:1
ratio) was obtained from NIOPIK, Russia,
and additionally purified by column chro-
matography on silica gel using a mixture of
petroleum ether and benzene as the eluent.

384

After evaporation of the solvent, the mate-
rial was recrystallized from hexane at -
20°C. Nematic 5CB (4-n-pentyl-4’-cyano-
biphenyl) of 99.5 % purity was obtained
from Chemical Reagents Plant, Ukraine. As
a cholesteric component, we used a mixture
of 30 % cholesteryl formate, 5 %
cholesteryl butyrate and 65 % cholesteryl
nonanoate (mixture M5). The cholesterol es-
ters were obtained from Chemical Re-agents
Plant, Ukraine and used without further
purification. Laponite RD (LPT) (Rockwood
Additives Ltd., UK), which is a synthetic
hectorite, is a swelling layered substance of
2:1 structural type with molecular formula
Nag 7[(SigMgg sLig 4)O50(OH),4]. In dry state it
is a white powder, in which the disc-like
particles are packed into stacks. The thick-
ness and diameter of these discs are about
1 nm and 25-30 nm, respectively [17].

The platelets of original laponite were
modified by ion-exchange reactions with the
surfactant cetyl-trimethylammonium-bro-
mide (CTAB, C16H33—N(CH3)3BF, Fluka, Ger-
many) with 99.5 % purity. In aqueous sus-
pension the surface coverage of laponite by
adsorbed CTAB was anticipated. The details
of the modification process will be publish-
ed elsewhere.

The obtained suspensions were divided
into two parts and stirred vigorously for
6 h at T =293 K ("cold” sample) and T =
253 K ("hot” sample). After temperature
incubation, the suspensions were filtered
using a disc filter funnel and centrifuged.
Finally, the obtained organo-laponite "cold”
(LPT-¢c) and "hot” (LPT-h)) samples were
freeze-dried (for 20 h) for preservation of
their dispersion ability in organic media.
The LC+LPT dispersions within 0.01-
0.36 % LPT concentration range were ob-
tained by adding the appropriate weights to
the LC solvent in the isotropic state with
subsequent 1—2 min sonication of the mix-
ture using a UZD-22/44 ultrasonic disperser
(Ukrrospribor, Sumy, Ukraine). As a LC
matrix, we used a cholesteric mixture of
25 % M5 and 75 % 5CB. We chose a mix-
ture of nematic and cholesterol esters,
rather than an induced cholesteric composed
of a nematic and a chiral dopant of similar
structure. As it has been shown in [18], the
presence of cholesterol esters suppresses un-
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Fig. 1. Optical density D (at 20°C) versus the
concentration of LPT, CLPT, in the mixture
25 % Mb + 75 % ZhK440 at different type
of LPT: 1 — 25 % M5 + 75 % ZhK440 +
LPT(hot), 2 — 25 % Mb + 75 % ZhK440 +
LPT(cold).

controlled formation of large fractal aggre-
gates of carbon nanotubes.

Optical transmission was measured using
a Shimadzu UV-2450 spectrophotometer
(Japan) within 190-1100 nm spectral range.
Sandwich-type LC cells (20 um thickness)
were used. The cell walls were treated with
polyvinyl alcohol water solution and, after
drying, rubbed in one direction to obtain
the planar texture. The LC+LPT dispersions
were introduced between the cell walls
using the capillary forces at the tempera-
tures above the transition to the isotropic
phase. The measurements were carried out
at 20°C, with temperature stabilization by a
flowing-water thermostat (£0.1°C). The
values of optical transmission were deter-
mined at 800 nm, considered to be suffi-
ciently far from any bands of selective re-
flection or absorption of the liquid crys-
talline host. The optical transmission T,
was re-calculated to optical density D in
the same way as in our previous papers
[15, 16] as D = —log(T,/100). Optical micro-
photographs of the studied LC+LPT suspen-
sions in a sandwich-type LC cells were ob-
tained using a Micromed POLAR 3 micro-
scope (Saint Petersburg, Russia) equipped
with a digital camera.

3. Results and discussion

Fig. 1 shows optical density as function
of LPT(hot) and LPT(cold) concentration in
the LC matrix consisting of 25 % M5 and
75 % ZhK440. The obtained dependences
indicate that the matrices containing
LPT(hot) have higher optical density than
matrices with LPT(cold). At the same time,
the optical transmission spectra (C3Fig. 2)
were virtually identical for both LPT types.
The addition of LPT shifted the selective
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Fig. 2. Selective reflection peaks (at 20°C) of
system 25 % M5 + 75 % ZhK440 + LPT: [
— 25 % Mb + 75 % ZhK440, 2 — 25 % M5
+ 75 % ZhK440 + 0.25 % LPT(cold), 3 —
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Fig. 3. Wavelength of maximum selective re-
flection A, ,. (at 20°C) as function of LPT
concentration for the system 25 % Mb +
75 % ZhK440: 1 — 25 % Mb+ 75 %
ZhK440 + LPT(cold), 2 — 25 % Mb + 75 %

ZhK440 + LPT(hot).

reflection peaks by the same amount after
reaching the concentration of ~0.02 %
(LPT-h) and ~0.05 % (LPT-c), with practi-
cally no changes after further increase in
LPT concentration (Fig. 8). The mechanism
of the observed differences in the behavior
of the cholesteric mixtures M5 + ZhK440 in
the presence of LPT-h and LPT-c can be
better understood from analysis of the mi-
crostructure of these composites. Fig. 4 and
Fig. 5 present examples of the microscopic
images of the cholesteric mixture M5 +
ZhK440 at different concentrations of LPT
("hot”, Fig. 4) and LPT(cold, Fig. 5). In the
cholesteric phase, we can observe typical
networks of oriented topological defects (so-
called oily streaks). For dispersions of LPT-h,
we could note evidence of the presence of
strong interaction of LPT dispersed parti-
cles with oily streaks and their preferential
localization at the topological defects. It is
in agreement with previously reported ob-
servations that topological defects could be
efficient traps for different types of
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Fig. 4. Examples of the microscopic images of the cholesteric mixture 256 % M5 + 75 % ZhK440 at
different concentration of LPT(hot): I — 25 % M5 + 75 % ZhK440 + 0.05 % LPT(hot), 2 — 25 %
M5 + 75 % ZhK440 + 0,09 % LPT(hot), 3 — 25 % Mb + 75 % ZhK440 + 0.12 % LPT(hot), 4 —
25 % Mb + 75 % ZhK440 + 0.18 % LPT(hot), 5§ — 25 % Mb + 75 % ZhK440 + 0.25 % LPT(hot),
6 — 25 % M5 + 75 % ZhK440 + 0.36 % LPT(hot).

Fig. 5. Examples of the microscopic images of the cholesteric mixture 25 % M5 + 75 % ZhK440 at
different concentration of LPT(cold): I — 25 % Mb5 + 75 % ZhK440 + 0.05 % LPT(cold), 2 —
25 % M5+ 75 % ZhK440 + 0.09 % LPT(cold), 3 — 25 % Mb+ 75 % ZhK440 + 0.12 %
LPT(cold), 4 — 25 % Mb + 75 % ZhK440 + 0.18 % LPT(cold), 5 — 25 % M5 + 75 % ZhK440 +

0.25 % LPT(cold), 6 — 25 % M5 + 75 % ZhK440 + 0.36 % LPT(cold).

nanoparticles [19-22]. However, for LPT-c,
the picture was substantially different (Fig. 5)
— LPT particles seemed to be uniformly
distributed throughout the entire matrix.
The observed behavior could be explained
by different degree of exfoliation obtained
with LPT-h and LPT-c¢ samples. The appar-
ently homogeneous distribution of LPT-c
(Fig. 5) reflected higher degree of exfolia-
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tion, with much smaller effects on the
cholesteric texture as compared with LPT-h.
If we compare the obtained data with earlier
results on carbon nanotube dispersions ob-
tained in similar experimental conditions
[15, 16], we can see that with "hot” LPT,
the optical density vs.LPT concentration
plots show signs of non-monotonous behav-
ior similar to that in CLC+CNT systems

Functional materials, 24, 3, 2017
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(Fig. 1, curve 1), while this dependence be-
comes somewhat closer to the Bouger-Lam-
bert-Beer linearity (Fig. 1, curve 2).

4. Conclusion

To conclude, we can claim that joint ap-
plication of the proposed set of relatively
simple experimental methods (optical trans-
mission + optical microscopy) can provide
substantial information on the arrangement
of micro/nano particles of different an-
nisometry in liquid crystal dispersions.
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