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The topological confinement imposed by both rigid (through porous materials) and soft
matrixes at a mesoscopic scale strongly modifies the landscape of the free energy of guest
species and necessitates to take into account the concepts of the interface, mixtion and other
effects that affect the organization, dynamics, and final properties of the resulting hybrid
materials. If the effects of confinement start to be well-known for globular liquids (change of
density, depression of the phase transition temperatures or suppression of them), the scenario .l ‘
seems to be more subtle for soft matter systems such as liquid crystalline assemblies with "
strong pre-transitional effects as well as orientational correlations. The understanding of those
effects of interfaces and organization induced by surfaces of organic moieties are of primary importance in
diverse technological applications (cleaning, emulsifiers, templates in the synthesis of mesoporous materials ...).

In this contribution, I will present my research activities focusing on the understanding of self-organization and
changes in structure and dynamics of soft matter systems (thermotropic or lyotropic liquid crystals and other
membrane systems), subjected to topological constraints imposed by diverse rigid and soft matrixes including
well defined mesoporous materials (porous silica or alumina) or layered materials.
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Advanced composite materials showing hierarchical
structures can be obtained with liquid crystalline (LC)
phases including soft matter edifices formed by
organic moieties such as surfactants, lipids and other
systems or inorganic particles.. The flexibility of the
frameworks generated by the organic LC phases
formed at singular concentrations and temperatures
and their responses to weak external stimuli can lead
to the formation of hybrid and porous materials or be
used as vectors for delivering drugs among the
numerous possible applications. The use of inorganic
2D particles or nanosheets (resulting from the
exfoliation of individual atomic planes peeled from
layered materials) as building blocks can drive to
further anisotropy and possibilities in the association
with the former flexible organic systems. For
instance, graphene oxides (GO) are typical anisotropic
nanosheets when dispersed in water at critical volume
fraction driven by entropic effects (excluded volume)
to form spontaneously LC (nematic and lamellar)
phases without the assistance of any special devices.

One of the research themes developed at Waseda
University by the team of Régis Guégan in narrow
collaboration with the group of Professor Sugahara at
the department of Applied Chemistry focuses on the
understanding of the stability of colloidal phases
showing LC assemblies: the association of inorganic
nanosheets of different nature (graphene oxides: GO,
clay minerals, layered double hydroxides:-+) and

nonionic surfactants and other organic phases.
Nonionic surfactants of the n-C,H,,,,(OCH,CH,)
+~OH(C,E,) series represent model systems that self-
assemble in several lyotropic liquid-crystal (LC)-type
phases above a critical micelle concentration. These
surfactants have a tendency to aggregate at an
interface with structure that can be reminiscent from
the bulk. The resulting aggregates included within the
internal structure of layered materials form hybrid
layered materials that were successfully used as host
matrixes for the preservation of biomolecules or the
adsorption of organic contaminants in wastewater
remediation strategies.

The association of organic colloids, with inorganic
particles showing LC organizations as well, allows the
possible development of hybrid materials at a
hierarchical level displaying improved assemblies with
possible cumulative effects of the different individual
colloids, where one phase may facilitate the
organization of the other one and reciprocally.
Furthermore, the study of the association of such
systems offers the opportunity to tackle problems in
the physics of the soft matter: entropic effects
(excluded volume) responsible of phase transitions,
orientational correlation modulated by an interface
and the different forces stabilizing the colloidal
assemblies. The final association of these LC colloidal
phases for which the orientation can be controlled
through weak external stimuli (electric or magnetic
fields or via gravity) may lead to highly oriented films
for energy storage (supercapacitor systems) or novel
hierarchical porous materials showing an organization
at several scales.
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