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Report on the symposium ‘Liquid Crystal Micro- and Nano-Composites’

Isabel M. Saez
University of York, York, UK

The School of Physics and Astronomy of the
University of Manchester played host to 40 delegates
at the one-day symposium ‘Liquid Crystal Micro-
and Nano-Composites’ organised by Dr 1. Dierking
and the Liquid Crystal research group in Manchester
on 9 January 2008.

The combination of functional materials with
liquid crystals as a means of inducing ordered
nanostructured assemblies, and control of their
morphologies and function, has became a subject of
intense activity in liquid crystal research and this one-
day symposium on micro- and nano-composites
reflected the state of the art in this area.

The symposium was organised around two
sessions, opened by the plenary talks of Slobodan
Zumer and Philippe Poulin, and several contributed
presentations, together with a poster session. The
contributions highlighted the potential impact
for developing new understanding and raising
future opportunities in the field of liquid crystal
composites.

Slobodan Zumer (University of Ljubljana and the
Josef Stefan Institute, Ljubljana, Slovenia), in his
presentation ‘Nematic colloids: from dimers to
braids’, addressed recent modelling of defects and
colloidal structures formed in spatially confined
nematic liquid crystals and how these are in excellent
agreement with experimental observations. He
described the lattices of colloidal dimers formed by
an entangled network of disclination lines and how
these dimers are coupled to form chains, wires and
interconnected braids. Furthermore, he presented
two-scale colloidal inclusions in liquid crystals,
showing how the small-scale particles can be
arranged as a ring around the larger particles or
around the topological defects that keep together the
larger-scale dimers in a metastable assembly, allowing
the formation of nematic colloidal gels and glasses
with hierarchical organisation. These organised gels
may open new ways to the assembling of photonic
crystals that can lead to metamaterials.

Sharon Jewell (University of Exeter, UK)
reported in her presentation ‘Confocal microscopy
imaging of micro-spheres in liquid crystals’ on the use
of fluorescence confocal polarising microscopy as a
technique for imaging the director distortions of
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liquid crystals doped with microparticles. This
technique, which allows spatial resolution of around
one micron, has been used to explore the perturba-
tion of the director of a cholesteric liquid crystal
induced by doping with 5um silica beads.
‘Manipulating clay particles in nematic hosts
using fields’, presented by Rob Richardson
(University of Bristol, UK), addressed the assembly
of clay platelets into stacks and their alignment by
applied fields. The assembly of clay platelets stabi-
lised by cationic surfactants in nematic liquid crystals
and non-mesogenic organic solvents was studied by
X-ray scattering, showing that different solvents
induce different distributions. In liquid crystal hosts,
stacks of typically four plates are observed. In the
presence of magnetic fields, the platelet stacks in non-
mesogenic solvents are aligned so that the platelet
plane is parallel to the aligning film. In nematic hosts,
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the competition between the direction of the stacking
and the director of the host results in the stacks of
platelets aligning with their planes perpendicular to
the applied magnetic field.

Philippe Poulin (CNRS, Bordeaux, France)
presented ‘Dispersions and ordered assemblies of
carbon nanotubes’, addressing various approaches
to achieve macroscopic alignment and percolated
networks in liquid, solid and liquid crystalline
solvents. Based on recent studies showing that the
percolation threshold of rod-like particles is lowered
in the presence of attractive interactions, he
demonstrated how low-percolation thresholds of
carbon nanotubes can be achieved, which should
strengthen the technological applications of carbon
nanotubes in electrostatic dissipation or electro-
magnetic shielding. Conversely, repulsive interac-
tions on carbon nanotubes, such as those induced
by the absorption of DNA or hyaluronic acid,
induce different behaviour leading to the formation
of the nematic phase. He discussed the nature of the
dispersions of carbon nanotubes in polyvinyl
alcohol (PVA), showing the shape and temperature-
memory effect of the polyvinyl alcohol-carbon
nanotube (PVA-CN) composites and their use in
the fabrication of aligned composites.

‘Characterisation of carbon nanotube-thermo-
tropic nematic liquid crystal composite materials’

presented by Okasana Trushkevych (University of
Cambridge, UK), highlighted the difficulty in
obtaining stabilised dispersions of nanotubes in
liquid crystals and compared the various methods
of ascertaining the equilibrium concentration of
nanotubes in the host. The combination of Raman
spectroscopy, photoluminescence, confocal micro-
scopy, dynamic light scattering, atomic force micro-
scopy (AFM), scanning electron microscopy (SEM),
transmission electron microscopy (TEM) and the
observation of the defects induced by optical
microscopy have been used to characterise the
composites and ongoing work in this area was
presented.

Xiangbing Zeng (University of Sheffield, UK)
introduced the characterisation, by advanced X-Ray
diffraction techniques, of the mesophases formed by
mesogen-stabilised gold nanoparticles in his talk
‘Thermotropic mesophases in mesogen covered gold
nanoparticles’. X-ray experiments on powder and
oriented samples have demonstrated the presence of
columnar hexagonal and rectangular two-dimen-
sional lattices of gold nanoparticles, with nematic
order in the mesogens, arranged with their director
parallel to the column axis. Reconstruction of the
electron density map showed that the columns are
shifted approximately one third of the nanoparticle
interdistance within a column.

The application of carbon nanotubes as a liquid
crystal alignment layer and as electrode structures
was presented by Tim Wilkinson (University of
Cambridge, UK) in his talk ‘Sparse multiwall carbon
nanotube electrode arrays for liquid crystal photonic
devices’. Vertically aligned carbon nanotubes, spar-
sely grown on silicon substrates, have been used as an
electrode array that can be used to address a liquid
crystal cell. The electric field profile created is almost
Gaussian in shape and can be used to reorient a
planar aligned nematic liquid crystal, creating a
graded refractive-index profile across the cell. The
micro-optical element formed acts as a micro-lens
capable of focusing an applied light wave and can be
tuned by varying the applied field and thereby
reorienting the liquid crystal and varying the optical
properties of the micro-lens.

The poster session was characterised by the high
quality of the presentations. Among others, several
presentations by Ingo Dierking’s group (Manchester,
UK) reported on the elastic behaviour of carbon
nanotube-liquid crystal dispersions, investigating
how the reorientation dynamics and the viscosity of
the thermotropic liquid crystalline host are affected
by doping with single and multiwall carbon nano-
tubes and how the nanotubes are oriented by the
elastic fluid. In a related poster, Jan Lagerwall
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(Stuttgart, Germany) presented on the rheological
and electro-optic behaviour of lyotropic liquid
crystal-carbon nanotube composites, focusing on
the phase sequence, switching dynamics and the
effect of ion content of these uniform dispersions.
The structure of colloid-nematic gels formed by
dispersions of fluorescently dyed polymethylmetha-
crylate (PMMA) particles stabilised by chemically
grafted polymer brushes in nematic hosts was
discussed by T. Atwood (Edinburgh University,
UK). The Best Poster Award was presented to lain
Kinloch (University of Manchester, UK).

Liquid Crystals Today




