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Nematoelasticity of hybrid molecular-colloidal liquid crystals
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FIG. 1. Structure and composition of a hybrid molecular-rod
system: (a) Transmission electron micrograph of colloidal nanorods
after acid treatment. (b), (d) Up-conversion-based luminescence con-
focal microscopy images of the nanorods in a uniaxial nematic LC
in a homeotropic (b) and planar (d) cell. (c) Schematic overview
and corresponding luminescence confocal microscopy image (d) of
the nanorods in a uniaxial nematic LC. (e) Schematic overview and
corresponding luminescence confocal microscopy image (f) of the
nanorods forming an orthorhombic biaxial nematic LC in a planar
cell.

realigning torques with respect to the solvent director, but
at the same time weak enough to avoid bulk disclinations
or other topological defects around the colloidal surfaces
[12]. These defects possess a well-defined topology and are
routinely encountered for relatively large nematic colloidal
inclusions with strong surface anchoring. They give rise to
strong interparticle forces [



NEMATOELASTICITY OF HYBRID … PHYSICAL REVIEW E 104, 014703 (2021)

director field. The latter therefore remains largely intact. The
principal impact of the inclusions on the elastic properties of
the host LC then stems from the surface-anchoring energy
of a single rod, which is enhanced in the presence of weak
distortions of the molecular director [89]. Our theoretical
predictions are tested against experimental measurements of
the splay modulus for low-concentration uniaxial hybrid LCs.
We find that our model provides a quantitative prediction of
the increase of the splay modulus with the concentration of
immersed rods. We note that our study reported here is a first
step in exploring the elastic properties of hybrid molecular-
colloidal LCs, which in future can be extended to the regimes
where particles induce topological defects with significant
molecular alignment perturbations around the colloidal par-
ticles, both within nematic colloidal dispersions and in cases
when smectic, columnar, and crystalline colloidal organiza-
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