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Mechanical behavior of smectic liquid crystals (LCs) is viscoelastic in a sense
that each layer behaves elastically in the out—-of-plane direction and behaves as
a two—dimensional fluid inside the layer. The viscoelastic coupling constants
such as elastic constants and viscosity coefficients have wavenumber and frequency
dependences due to nonlinear fluctuations. External perturbation induces a
buckling transition, causing the coupling constants to diverge near the critical
point, and the layer to melt with topological defects. Therefore, it is important
to predict the anomalous wavenumber and frequency dependence of elastic constants
and viscosity coefficients from the molecular structure, and to elucidate the
mechanism of the buckling instability at the molecular level.

In this thesis, a method is proposed to estimate the viscoelasticity of smectic
LCs from molecular structure over a wide range from low—frequency to high-
frequency regimes, by coarse—grained molecular dynamics (CGMD) and renormalization
group transformations. A material design guideline for the orientational stability
against external perturbations due to vibration and electric field is also

proposed. The contents of each chapter are as follows.

Chapter 1 explains the overall structure of the thesis

Chapter 2 explains the critical elastic behavior of smectic LCs from the
conventional LC field theories, which cannot explain the strain—rate dependence
of the buckling behavior.

Chapter 3 explains the multi-objective optimization of the coarse—grained force
field (CG force field) for the buckling transition based on the actual
microstructure of LCs. The obtained model reproduces known theories and
experiments on buckling deformations, melting of smectic layers, and topological
defects. It also reveals that molecular symmetry determines the types of
topological defects generated

Chapter 4 explains the CGMD simulation for the critical buckling of smectic LCs
CGMD using the CG force field obtained in Chapter 3. CGMD reveals that critical
strain and elastic modulus show anomalous viscoelastic behavior depending on
strain rate. Therefore, the viscoelastic model 1is proposed including the
compression—induced flow with strain rate. The renormalization group
transformation is applied to this analytical model to make the coupling constants
strain-rate dependent.

Chapter 5 presents a summary. By combining the CGMD simulation using the CG force
field that accurately reflects the molecular structure and the viscoelastic
scaling model, the framework can accurately estimate the viscoelastic buckling
structural transition of smectic LCs over a wide range of scales, from the low—
frequency regimes that can be verified experimentally to the high-frequency
regimes that cannot be reached by current experiments




