
Liquid crystals represent fascinating states of matter that blend properties of both isotropic
fluids and crystalline solids. They come in different phases according to the structure of
their constituents and the resulting positional and orientational ordering. Nematic (N)
phases emerge when alignment dominates, while smectic (Sm) phases are layered
structures exhibiting both orientational and positional ordering. This work presents a
comprehensive multi-scale computational investigation of a family of board-shaped
mesogens, recently characterized experimentally by Lehmann’s group [1], with a particular
focus on their potential for self-assembling into liquid crystal phases.

Through atomistic Molecular Dynamics simulations, in our first work [2] we have
systematically characterized the structural and dynamic properties of these systems. Our
analysis reveals that two mesogens exhibit dominant orientation along their main axis,
forming a nematic and smectic-A phase, respectively. Dynamic analysis unveils
heterogeneous molecular motion and preferential intra-layer diffusion in smectic-A phase
revealed by van Hove self-correlation functions. Building upon these atomistic insights, we
address the fundamental challenge of computational complexity in molecular simulations
by developing efficient coarse-grained (CG) models. Our systematic bottom-up approach
employs force matching methodology [3] to derive effective potentials that preserve
essential physicochemical properties while dramatically reducing computational cost. The
CG model construction involves strategic atomic grouping into representative beads and
parametrization using the Bottom-up Open-source Coarse-graining Software (BOCS) [4],
enabling simulations of larger systems over extended timescales.
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This multi-scale methodology bridges the gap between detailed molecular understanding
and practical computational efficiency, providing both fundamental insights into liquid
crystal phase behavior and a powerful framework for studying complex mesogenic systems.
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