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Simulation-based design and model-predictive control are well-established approaches for the

engineering of macroscopic systems, in applications ranging from bridges to aircraft to petrochemical

plants. However, the design and control of collections of molecules are often approached from an

empirical perspective, especially when an explicit consideration of discrete molecular interactions is

required. A key challenge in model-based design is that the time scales of molecular simulation are often

much shorter than the processing time scales of interest. The crystallization of small molecules has been

studied from both top-down and bottom-up perspectives and provides guidance toward a systems

engineering approach to molecular organization.  In this presentation, case studies in polymer organic

electronics and prebiotic chemistry will be presented, which exhibit polymerization as well as the

formation of paracrystalline assemblies.
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