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Molecular Simulation Study on Rod-like Liquid Crystals: Analysis for Phase Transitions and Droplet

Nucleation and its Acceleration

Thesis Summary

Liquid crystal is a collective term for a subset of phases which are stable between those of solid and
liquid. There are still many mysteries in liquid crystals although it has been studied from a long time ago.
For example, chirality or dipole may strongly influence the macroscopic properties of liquid crystals,
however, no theoretical or simulation studies that combine chiral and dipolar interactions. Nucleation
process of uniaxial rod-like molecules such as liquid crystals have not been revealed yet.

Molecular simulations are expected to give useful insights on molecular-level characteristic of liquid
crystals. In this study, therefore, molecular simulations were performed to investigate the effect of
chirality and dipole strength upon the phase behavior. | revealed that chirality may inhibit smectic
formation, and induce a short-ranged layered structure in cholesteric phases. In addition, homogenous
droplet nucleation simulations were performed, and | found that the nucleation of liquid crystals begins
from highly ordered state, and form nematic droplet after a marked decrease in orientational order
before critical nucleus is attained.

Atomistic molecular simulations, which are performed at with experimental conditions, are important
in engineering perspective. In recent years, the progressive acceleration are expected a combination of
massive parallel computing and algorithms that are scalable on these environment such as isotropic
periodic sum (IPS) method. However, the effectiveness for low-charge-density system with terminal
dipole such as liquid crystals has not been studied. In this research, therefore, | performed molecular
dynamics simulations using IPS method and compare results with de facto standard method. Moreover,
IPS method was implemented into GROMACS with group-based cutoff for its further acceleration. |
found that IPS method can successfully estimate liquid-crystal properties, and the potential smoothness

at cutoff boundary is required with group-based cutoff.




