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ABSTRACT

Liquid crystals (LCs) can be exploited in various technological applications, including the
display industry, telecommunications, biology, and optical technology. These modern uses
demand distinctive LC materials with exotic properties. New liquid crystalline materials with
superior properties are needed to meet the needs of the existing industry. Due to the difficulty
of synthesizing novel liquid crystalline materials with improved features, composites of LC
and polymer (LCPCs) have been suggested as an alternate method to enhance the various
properties of LCs, with the added benefit of better mechanical strength and flexibility. LCPCs
have diverse applications, such as privacy windows, optical and electro-optical devices, optical
filters, switchable THz devices, energy harvesting devices, and chemical and biosensors.
Polymers can alter LCs properties by making a continuous polymer matrix with droplets of
LCs in it or by creating a bicontinuous system of a polymer network that is spread out in an
LCs host phase. These soft matter systems include polymer dispersed liquid crystals (PDLCs),
polymer-filled liquid crystals (PFLCs), polymer self-assembly filled liquid crystals (PSALCSs),
and polymer-stabilized liquid crystals (PSLCs). We have investigated various physical
properties of LCPCs to better understand the interactions among polymerization conditions,
polymer morphology, and electro-optic behavior and utilized these systems and materials to
fabricate LCs-based electro-optic and optical devices. Towards the end of the thesis,
thermoelectric energy harvesting application has been explored by using a composite of
nematic LC material in combination with carbon nanotubes (CNTs) and polyvinylidene
fluoride (PVDF) polymer matrix, and the potential application of LCs-based thermoelectric
generator for wearable electronics and flexible devices is demonstrated.

The first two chapters of the thesis cover the fundamental concepts and properties of LCs,
polymers, and thermoelectricity, as well as the experimental methods and techniques used in
the research. Chapter 3 presents the effect of barium titanate (BaTiO3s) nanoparticles on the
performance of epoxy-resin-based PDLC devices. The study shows that adding BaTiO3
nanoparticles enhances the device performance by decreasing the threshold voltage, saturation
voltage, and rise time while increasing the contrast ratio and UV-visible absorption spectrum.
Chapter 4 describes the use of bottlebrush polymers in biomedical engineering and electro-
optic applications. By varying the concentrations of polymer, LC, and solvent in the composite,
an array of submicron to micron-sized structures, including porous networks, particles, spheres,

aggregates, and vesicles, are formed from the LC-bottlebrush polymer composite.



Additionally, the research demonstrates the construction of light-scattering switches from
polymer microsphere-filled liquid crystals (PFLCs) utilizing pseudopeptidic bottlebrush
polymers. The influence of a polymer's degree of polymerization on the electro-optic
characteristics of PFLC is examined for the first time. Microsphere size, transmittance, contrast
ratio, necessary operating voltage, memory effect, and switching speed vary significantly
depending on the dopant polymer units in PFLCs. Overall, we proved that a polymer's chain
length substantially impacts the performance of PFLC devices.

Chapter 5 investigates the impact of the degree of polymerization on the physical properties of
PSLCs. The self-assembly network's structure in PSLCs is controlled by the component
polymer, which affects its electrical, dielectric, optical, and electro-optical characteristics.
Varying the molecular weight of the doped polymer units results in significant improvements
in conductivity, dielectric anisotropy, current, response time, and phase transition temperature.
Chapter 6 examines the effect of pseudopeptidic bottlebrush polymer moieties on the LC
director arrangements in droplets. Aromatic and aliphatic appendages are combined with 4-
cyano-4'-pentylbiphenyl (5CB) LC, and the phenyl group favors radial formation, while
repulsion between 5CB and aliphatic groups drives molecular alignment, resulting in a bipolar
droplet arrangement. The study also shows the effect of different pendant groups on the
prepared PDLC sample's surface properties and free energy components.

Chapter 7 describes the development of flexible films for thermoelectric generators by doping
LCs in carbon nanotubes (CNTs)/polymer composites. This approach simultaneously
improves the Seebeck coefficients and electrical conductivity of polyvinylidene fluoride
(PVDF) polymer and single-walled carbon nanotubes (SWCNTSs)-based composites, resulting
in superior thermoelectric potential. LC-based SWCNT/PVDF composites provide a new
pathway for creating flexible thermoelectric devices to power wearable electronics. In chapter
8, we briefly discuss the potential uses of LCPCs for flexible devices, beam steering, sensors,
drug delivery, tissue engineering, thermoelectric energy harvesting devices and holographic
displays. The findings of the thesis provide myriad possibilities for fabricating LCPC-based
efficient electro-optic and thermoelectric devices.
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