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SOFT MATTER

liquids, liquid crystals, polymers, elastomers, colloids, gels, foams, biomaterials...

molecular interactions ~ thermal energy (room temp.)
4

softness: large susceptibility to external stimuli & self-assembly

symmetry breaking transitions at room temperature

molecular shape asymmetry

4
long range orientational order, topological defects in director fields

TOPOLOGY —>

study properties that are
preserved under continuous
deformations of objects

o
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TOPOLOGICAL SOFT MATTER

liquid crystal blue phases, liquid crystal colloids & composites...

frustrated orientational ordering
(confinement, external f‘iyelds. intrinsic chirality....)

stable defects in the molecular-orientation order parameter
crucially determine properties like:

complex topology, superstructures, tunable physical ?roperties...
APLICATIONS

photonics, plasmonics, sensorics, metamaterials, nanotechnology.......

Sir Charles Frank on blue phases in 1983

A T h arg totally useless, | think, except for
one Iimportant intellectual use, that of
providing tangible examples of topological
oddities, and so helping to bring topology
into the public domain of science, from
being the private preserve of a few abstract
mathematicians and particle theorists.0

The interest in liquid crystal colloids is growing
for 15 years (Poulin et al., Science 1997).

It was strongly stimulated by the discovery of
disclination entangled colloidal microstructures (M.
Ravnik, M. Gkarabot, S. Gu mel. Tkalec, |. Poberaj,
D. Babil , N. Osterman, & I. Mugevil , PRL 2007).
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Calorimetry

Bl nonenotis Last 10 years: blue phases with
' | | stability range ~ 50K .

Polymer stabilized (Kikuchi et
al., Nature Materials 2002).
. . . ]| Bimesogens: (Coles&Pivnenko,
i Nature 2005)

Thoen, Phys. Rev. A (1988)
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Ravnik & Gumer,
Soft Matter 2009




OUTLINE

Motivation:

Phenomenological modeling of nematics and chiral nematics

Nematic colloids:
A Entanglement & nematic braids stabilized by geometry and chirality
A Local rewiring of disclinations
A Linking & knotting of disclinations

Opal structures permeated by nematics

Cholesteric droplets with knotted disclinations

Conclusions



MOTIVATION
COMPLEXITY OF TOPOLOGICAL SOFT MATTER FOR PHOTONICS & OPTICS
Confinement & chirality

WGM in nematic droplets  Cholesteric 3D micro-droplet laser Array of torons
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Humar et al. Nature Phot.2009 Humar & Musevic, Optics Exp. 2010  Smalyukh Nature Mat.
2011, Opt.Exp.2012

Nematic hopfion Confined BPs: skyrmions & Blue Phase Il
(Hopf fibration) light scattering
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Chen et al. PRL 2013 Fukuda et al. Nature Comms 2011 Henrich et aI PRL 2011



MOTIVATION

NONTRIVIAL COLLOIDAL PARTICLES: Some of the recent studies
Smalyukh group:

Janus particles
(Conradi et al, Soft Matter 2009)

Shapeable particles
Sun et al. APL 2012
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Colloidal platelets
Lapointe et al. Science 2009
c c d : . 3 u

Knotted particles

) , _ Martinez et al.(including
Moebius strip colloid Toroidal particles Ravnik& Gumer )

Alexander et al. PNAS 2013 Senyuk et al. Nature 2013 Nature Materials 2014




MOTIVATION

2D structures: disclination entanglement the clue to nematic braids

Entangled nematic colloidal particles

Ravnik et al. PRL 2007 Nematic braids with knots & links
Tkalec et al. Science 2011

2D structures: complex colloidal particles

Faceted particles Colloidal
guasicrystalline handle-bodies
tiling in nematics

N 4 Dontabhaktuni, Senyuk et al,
o Ravnik, Gumer Nature 2013
PNAS 2014




BP Il colloidal crystal
Ravnik et al. PNAS 2011

3D cholesteric colloid structure
L op 2013

MOTIVATION

3D COLLOIDAL
STRUCTURES

Nematic shell decorated by
colloidal particles
Gharbi, Setdl.,
Soft Matter 2013

Araki et al. Nature Mat. 2011

L=

3D nematic dipolar colloid
Nych et al. Nature Comms 2012



