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Chiral nanostructures are a large and rapidly evolving class of biomimetic materials. Besides fascinating
optical, catalytic, and biological properties, the studies of chiral nanostructures revealed something more.
Micro- and macrostructures obtained by the self-assembly of chiral nanoparticles demonstrated
emergence of complexity, that is spontaneous increase of structural sophistication seemingly prohibited by
thermodynamics. These observations mirror the structural evolution of biological materials that combine
nano-, meso- and microscale chirality. Taking an example of hierarchically organized particles with twisted
spikes and layer-by-layer-assembled nacre-like composites, we found that:

(a) formation of complex structures does not require monodispersity;

(b) competing thermodynamic restrictions in self-limited systems increase their complexity;
(c) chirality universally relates to complexity because hierarchical self-assembly maintains it;
(d) synthetic particles can have higher complexity than their biological prototypes.

These findings were possible by applying graph theoretical (GT) measures of complexity to nanoparticle
assemblies. Their applicability to ‘imperfect’ (nano)particles and ability to capture essential structural motifs
of their preferred organization leads to unusual combinations of properties in complex biomimetic
materials. The GT description can be expanded to include other nanoscale structures, such as complex
porous particles and superlattices,[2] creating analogs of chemical formulas for complex particle systems
(chiral, racemic and achiral).

Understanding of intermolecular forces and expansion of self-limited assembly to bulk dispersions of
diverse nano(particles) enabled the design of hierarchically organized bowtie-shaped particles with
variable twist, size, and thickness and length.[3] Interestingly, they happen to provide an example of chiral
chemical structures with chirality continuum as opposed to binary chirality of, for instance, L- or D-amino
acids. Analysis of the optical properties of bowties provides insight into the long-standing controversy
about chirality measures.

Expanding on the ideas of Murray Gell-Mann, structural complexity and technological significance are
related. The simple pathways to complex particle systems with technological significance will be
demonstrated for self-assembled chiral catalysts[4] and chirality-optimized bowtie-shaped nanostructured
microparticles for LIDAR markers.[3] Voltage-modulated photonic devices based on IR-active chiral

nanoparticles and layer-by-layer assembled conductive nanocomposites will also be discussed.[5]
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