From molecular chirality to helical superstructures and phases: 

models to bridge length scales
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Chirality gives a tiny contribution to the intermolecular interactions; nevertheless, the coupling of chirality and long-range order can generate spectacular effects at the nano- and micrometer scale. A typical result is the formation of helical superstructures and phases. So, molecular chirality can be a useful tool to guide self-assembly, produce patterns and drive the organization at the meso- and macro-scale. Because of its strong sensitivity to details, the amplification of chirality can also be exploited as a sensitive reporter of changes at the molecular level. Despite a large amount of experimental observations in a variety of systems, the control of this phenomenon remains poor, due to the lack of general rules to connect the molecular chirality to its long-range effects. This represents a challenge also for theory and computations, where a main difficulty derives from the need of reconciling a detailed molecular representation with a meso- or macroscopic description. Here we will present some cases taken from our recent work, which includes: the hierarchical propagation of chirality through reversible polymerization in solutions of DNA oligomers;1 the rich phase diagram of colloidal helices;2 the chiral aggregation of peptide-porphyrin conjugates.3 Finally, we will discuss the origin of spontaneous chiral symmetry breaking in a system of achiral bent particles.4
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