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Tyler Wingfield

In Plane Switching of Nematic Phase Liquid Crystal E31 Utilizing Carbon Fiber
Electrodes
Tyler Wingfield
Advisor: Ivan Smalyukh
Background;

Current in plane switching liquid crystal displays (I.CDs) such as digital watches
and pocket calculators, as well as many other LCDs, depend on Indium Tin Oxide as the
electrode to switch the orientation of the liquid crystal director in displays, thereby
changing greenish bronze (background color of calculators) to black, producing an
image. Because Indium Tin Oxide is a costly inorganic material that is in limited supply,
researchers in academia and industry alike are pursuing many alternative possibilities to
not only replace Indium Tin Oxide, but to reduce the price of LCDs and expand their
capabilities. Materials being investigated include conductive epoxies, graphene, and
carbon nanotubes.

Carbon nanotubes exhibit extraordinary conductivity when analyzed individually
and useful conductivity in bulk assemblies such as fibers. Collaborators at Rice
University have developed a simple method to produce carbon fibers by wet spinning
from high concentration carbon nanotube and super acid solutions. These fibers exhibit
high degrees of nanotube alignment and resisitivity of 0.2 mQcm.

Rice University has also produced highly aligned carbon nanotube carpets. These
carpets consist of large numbers of homeotropically grown carbon fibers. [ have
performed previous research on the self-alignment of plasmonic gold nanorods in these
carpets and carbon fibers. Plasmonic gold nanorods have been the subject of intense
research due to their very interesting optoelectronic properties. Gold nanorods have
applications in sensing techniques in the realm of biology and medicine, as well as the
potential to formm metamaterials from bulk alignment and organization. Julian Evans, a
graduate student in our lab, has developed methods for thiol capping these gold nanorods
to support dispersions in thermotropic liquid crystals.

Goal:

The project goal 1s to produce and characterize an in plane switching LCD pixel
using carbon fiber electrodes and E31 in a nematic phase with both homeotropic and
planar alignment. E31 is a thermotropic liquid crystal enabling director switching at low
voltages (~1V). | intend to analyze and characterize the dielectrophoric effects and self-
alignment of gold nanorods in this thermotropic nematic liquid crystal. This configuration
will enable low voltage, low current switching of a LCD constructed with abundant and
relatively inexpensive electrodes, as well as ordering and active realignment of plasmonic
gold nanorods enabling switchable polarization dependant pilasmon resonance.

This research will not only develop new methods of LCD technology, but also
expand the experimental applications of gold nanorods.

Progress:

Currently, I have produced a homeotropically aligned liquid crystal cell exhibiting
the expected switching. I am in the process of characterizing this cell, as well as building
similar cells and acquiring new carbon fibers of varying diameter to characterize the
switching time of the director of the liquid crystal.
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TIMELINE

December: Characterize switching time. voltage, and thickness of current
homeotropically aligned cell. Build duplicate cell. Assemble planar aligned cell and. -
begin to characterize.

January: Experiment with surfactant coatings to produce defect line along the carbon ..
fiber electrode in a homeotropically aligned cell to measure director alignments below the
threshold switching voltage.

February and March: Introduce gold nanorods into cell to analyze and characterize selt-
alignment and dielectrophoresis effects.

End of March and April: Wrap up experiments. Begin writing thesis as well as compiling

lab work for publications.




