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Abstract

Inclusions or doping have played a significant role in the advancement of modern
industry and technology. The introduction of specific elements has exhibited the
ability to modify the intrinsic characteristics of compounds, resulting in elevated
performance and enhanced functionality. In this thesis, we examine two types of
inclusions in nematic liquid crystals: ferronematics and living liquid crystals. Fer-
ronematics involve suspensions of magnetic nanoparticles within a nematic liquid
crystal medium. This is an example of a system with passive inclusions. Living
liquid crystals, conversely, combine living entities or bacteria with nematic lig-
uid crystals. These living particles are self-propelled resulting in an inherently
non-equilibrium system. We study the role of inclusion-nematic coupling on the
equilibrium and non-equilibrium properties of these contemporary systems.

We study the non-equilibrium phenomenon of domain growth after a thermal
quench (or coarsening) in ferronematics. We first investigate the role of coupling
on pattern formation across different dimensions. Our modelling is based on cou-
pled time-dependent Ginzburg-Landau equations for the coupled order parameters.
We consider both shallow and deep quenches from a high-temperature disordered
phase. The system coarsens by the collision and annihilation of topological defects.
We focus on slaved coarsening, where a disordered component is driven to coarsen
by an ordered one. We present detailed results for the morphologies and growth
laws, which exhibit unusual features purely due to the magneto-nematic coupling.
To the best of our knowledge, this is the first study of this non-equilibrium phe-
nomenon in FNs. Next, we provide a theoretical framework for the emergence of

biaxial order in FNs which has been elusive for several decades in pure NLCs since
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its inception in 1970. Our framework allows for the manipulation of morphologies
and quantitative estimates of the biaxial order. We hope our quantification will
guide the experiments to be more systematic.

The second part of the thesis deals with the study of active inclusions in the
NLCs or living liquid crystals. We provide a phenomenological model to study
the symbiotic pattern dynamics in this contemporary system using the Toner-Tu
model for active matter, the Landau-de Gennes free energy for liquid crystals, and
an experimentally motivated coupling term that favours coalignment of the ac-
tive and nematic components. Our extensive theoretical studies unfold two novel
steady states, chimeras and solitons, with sharp regions of distinct orientational
order that sweep through the coupled system in synchrony. The induced dynamics
in the passive nematic is unprecedented. We show that the symbiotic dynamics
of the active and nematic components can be exploited to induce and manipulate
order in an otherwise disordered system. We also numerically investigate the in-
terplay between confinement and coupling on the pattern formation in the LLCs.
The main findings of the study include dynamics states with persistent vortices
in microfluidic wells, tailored morphologies with potential applications in targeted
drug delivery and controlled motion of the chaotic active particles. Our work
provides many ideas for manipulating active matter and liquid crystals for excit-
ing futuristic applications. We hope that it will initiate joint experimental and
theoretical investigations in LLCs.

Finally, we conclude with a discussion on the implications, future perspectives

and possible extensions of the ideas developed in the thesis.
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