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A journal article for this research is in progress. We plan to submit it to the scientific
journal, Physical Review Letters.



RESEARCH EXPERIENCE
Please let us know what you thought of your research experience: Did this experience meet your expectations? Were lab personnel
helpful and responsive to your needs? What else could have been done to improve your experience or achieve additional results?

This experience certainly met my expectations; this was my second semester working with Dr. Whitmer on ILCs, so | had familiarity with the topic and
molecular simulations as a whole and was able to jump directly in with the graduate student | had been working with. All lab personnel were very
helpful, and | very much enjoyed my time with the Whitmer lab.
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This project seeks to understand the behavior of lonic Liquid Crystals (ILCs) under varying pressures, temperatures, and
concentrations of solvent. ILCs are hypothesized to be a potential technology for energy storage applications due to its high
energy density and ionic conductivity. Furthermore, ILCs are customizable by modifying its cations and anions, controlling its
thermal stability, mesophase behavior, conductivity, and other notable properties. As a result, this research project included
building out a molecular simulation model that allows for flexibility in the molecular structure to optimize the performance of
the ILCs. Furthermore, it has been observed in physical lab research that the inclusion of a solvent such as ethylene carbonate
increases ion mobility in ILCs; as a result, the computational model of ILCs is also observed under varying degrees of solvent to
quantify conductivity.

This research implements a coarse-grained model, utilizing the unitless quantities of mass, g, €, and the Boltzmann constant
kg, set to be 1. After equilibrating and initializing the crystalline structure to be in a bi-layer formation, we investigate phase
behavior using both a visual analysis using Visual Molecular Dynamics (VMD) and radial distribution analysis. The system
without solvent forms three distinct mesophases that are dependent on both pressure and temperature; Figure 1 below
demonstrates these results with both the VMD and radial distribution results. When we add solvent to the system, we observe
the modified phase behavior within the ILC structure; these results are visible in Figure 2. These results indicates that solvent
contributes to stabilizing the smectic phase, but the crystalline region is generally unaffected by the solvent.

Radial Distribution Function
(P*=1.75 & T"=1.30)

cat-cat
cat-ani
cat-tail
ani-ani
ani-tail
tail-tail

0.5 er 1.'5 2.'0 2:5 3.'0 3.'5 470 4.I5 5.0
Pair Separation Distance

a) Liquid-like Mesophase

Radial Distribution Function
(P*=2.50&T"=1.10)

84 | —— cat-cat
\ cat-ani
cat-tail
ani-ani
ani-tail
5| ‘ \ — tail-tail

o
=
|1

0.5 1:0 1.'5 2.’0 2.'5 3.'0 3,'5 4.'0 4.'5 5.0
Pair Separation Distance

b) Smectic Mesophase



Radial Distribution Function
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c) Crystalline Mesophase

Figure 1 (a, b, and c): The VMD and Radial Distribution Function results of the system under three different temperature and
pressure conditions without solvent.
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Figure 2 (a, b, and c): The VMD and Radial Distribution Function results of the system under three different temperature and
pressure conditions with solvent.

This system also reveals important information on the cation mobility of ILCs. By using an isothermal (NVT) production run, we
can calculate the mean squared displacement (MSD) of all molecules. The MSD can be directly related to the diffusion
coefficient, which then relates to ionic conductivity through the Nernst Einstein equation,

Nlq|?D
VkgT '’

(1)

where ¢ is the ionic conductivity, N is the number of molecules, g is the absolute charge, D is the diffusion coefficient, V is the
volume of the system, kj is the Boltzmann constant, and T is the temperature. This analysis leads to a direct quantification of
the mobility. To wholly understand the effect of solvent, the simulation was run under a control condition and under varying
degrees of solvent layering. This result is visible in Figure 3 below.
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Figure 3: The ionic conductivity of the system with varying amounts of solvent added to the system.

These results indicate that cation mobility is inversely related to the addition of solvent, which is contrary to experimental
evidence. This leaves room for further investigation and perfecting of the system modeling the ILCs. We hypothesize moving
forward that an increased charge in the ILCs will more accurately reflect the experimental condition and result in stronger
coulombic attractive forces between cations and anions. This leaves a great deal of room for further investigation and
understanding of this model and of ILCs.

This research makes me extremely optimistic about the future of energy storage devices; although understanding ILCs in
energy storage applications is still in its infancy, this research has indicated that there is great promise for its growth in
industry.



