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ABSTRACT:

We present a study of the structural and thermomechanical properties of lyotropic phase in the quasi ternary system made
of Cetylpyridinium chloride (CPCl)/hexanol/salt water (0.9 % by mass) with and without cobalt microparticles. Phase transi-
tion temperatures of the structural sequence isotropic L,/nematic calamitic N.,/hexagonal H have been determined by dif-
ferential scanning microcalorimetry. Temperature induced developable domains in hexagonal phase H and disclinations in
calamitic nematic phase N, were observed in crossed polar optical microscopy in confined geometry. A rheological study of
calamitic nematic phase N. highlighted structuring effect of cobalt microparticles from a concentration of 2% to be demon-
strated by an increase in viscosity and viscoelastic moduli. This could be explained by a stabilization of disclinations.
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1 INTRODUCTION

Since their discovery at the end of 19" century and their
first application as display devices [1] liquid crystals are
gaining considerably in importance because of devel-
opmentinto highly successful research fields forexam-
ple in nanoscience [2]. Indeed the combination of flu-
idity and long range order from orientation or position
correlation of building blocks (often rods or discs) gives
them both fluid and solid properties very suitable in
materials science on nanostructured materials. Con-
versely to thermotropic liquid crystals built up with
individual molecules and no solvent, lyotropic liquid
crystals required a solvent and can self-assemble in
solution to form simple individual structures (mono-
molecular film, spherical or cylindrical micelles) or long-
range periodic stacks (lamellar phases, hexagonal
phases, sponge phases, ...) [3]. In the absence of elec-
trostaticinteractions between thelayers of amphiphilic
molecules, such swollen lamellae are generally stabi-

lized by steric repulsions: the confinement of flexible
membranes decreases their entropy by reducing ther-
mal fluctuations, resulting in repulsive interactions
between membranes [4]. Another very attractive fea-
tureofliquid crystals is the possibility to elaborate com-
posite systems by incorporating particles such as silica
microbeads, carbon nanotubes, semiconductor or met-
al nanorods [s, 6].

In order to elaborate stimulable hybrid materials,
several studies have been devoted to the investigation
of liquid crystalline phases containing magnetic parti-
cles. By swelling a lyotropic lamellar phase in a solution
of nanoparticles of iron oxide magnetic, Fabre et al. [7]
obtained a ferrosmectic phase with combined proper-
ties of the swollen lamellar phases and ferrofluids. The
comparison with other lyotropiclamellar phases doped
with particles of non-magneticiron oxides was studied
[8]. Ramos et al. [9] examined the compatibility of
lyotropic lamellar phases containing magnetic parti-
cles of maghemite coated by a shell of adsorbed sodi-
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Figure 11: Frequency dependence of (a) elastic modulus G” and (b) loss modulus G” for nematic calamitic phase N with cobalt
microparticles at different concentrations. Solid lines correspond to a fitting up to 10 Hz by a power law.

—n

nocy (2)

with a value of exponent n about 0.65 for the three stud-
ied concentrations of cobalt microparticles (1, 2.21, and
4.8 %).Shearthinning power-law behavior had been high-
lighted [19] in the smectic phase A of liquid crystals with
an exponent n ~ 0.4 independent of the chemical nature
of the lamellar phases but associated with identical
macroscopic defects textures: oil striations which orient-
ed in the direction of the flow as the shear rate increases.
A theoretical model based on the theory of high temper-
ature creep and involving the movement of dislocations
screws, had allowed to reproduce the observed experi-
mental behavior. In the same way, it could be suggested
that the exponentn ~ 0.65 may be related to the presence
of specific macroscopic defects in the nematic calamitic
phase doped with cobalt microparticles as observed in
optical microscopy (Figure 5b). Moreover the increase of
viscosity at very low shear rate 1, the decrease of critical
shear rate and the shear thinning index (Figure 10) could
be also explained by a structuring effect of such specific
macroscopic defects also expected at concentration of
cobalt microparticles less than 1%.

3.3.2 Oscillatory shear measurements

For all studied samples, the linear viscoelastic domain was
observed up to 1% of strain and was found not to depend
onthestudiedrange concentration of cobalt microparticles.
The frequency dependence of the elastic modulus G' and
the viscous modulus G" was then determined at a fixed
strain value of 0.5 %. All the samples with a concentration
of microparticles up to 1% showed a viscoelastic behavior.
For a concentration of cobalt microparticles of 2%, the
observed behavior was a viscoelastic solid with elasticmod-
ulus G" always higher than the viscous modulus G" in the
studied frequency range. By considering frequency up to
10 Hz (Figure 11) both moduli show a power law frequency
dependence with the same exponent (0.38) characteristic
of a soft gel-like behavior. This effect of structuration from
2% of cobalt microparticlesisin a good agreement with the
increase of viscosity observed on flow curves (Figure 10).

Zapotocky et al. [20] reported solid like response of shear
stress when colloidal silica particles are dispersed in cho-
lesteric liquid crystals whose origin is a stabilization of oily
streak network under tension. By direct optical visualiza-
tion with crossed polarizers, the authors clearly demon-
strated that the colloidal particles were located preferen-
tially at the nodes of the defect network and stabilized it
by decreasing dramatically the coarsening rate of defects
observed without particles. Similar elasticity enhance-
ment was observed in lyotropic lamellar phase L, upon
addition of spherical particles several microns in diameter
and also explained by a network of oily streak defects
which persists partially under shear treatment [21]. Based
on these studies, it could be conjectured that addition of
cobalt microparticles in the nematic calamitic phaes N,
studied here stabilized disclinations observed by optical
microscopy between crossed polarizers (Figure 5) and is
responsible to elastic behavior. This explanation is also
supported by the increase of viscosity when the concen-
tration of microparticles is increased (Figure 10). Indeed
stabilization of defects by colloidal particles and solid like
behavior are maintained under shear unlike to other sys-
tems where no defects structures are present [20].

4 CONCLUSION

Phase transition temperatures of the structural sequence
(isotropic L,/nematic calamitic N./hexagonal H) in the
quasi ternary system made of Cetylpyridinium chloride
(CPCl)/hexanol/salt water (0.9 % w/w) were determined
by differential scanning microcalorimetry. Temperature
induced developable domains in hexagonal phase and
disclinations in calamitic nematic phase were observed in
optical polarized microscopy. In the studied range of
cobalt microparticles concentration, the textures of
macroscopic defects were globally unchanged. Converse-
ly, the increase in the viscosity at very low shear rate
deduced from steady state shear flow measurements and
viscoelastic moduli suggested a structuring effect of
cobalt microparticles froma concentration of 2 % by a sta-
bilization of disclinations.
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