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Molecular aggregates of organic dyes are attention-grabbing supra-molecular structures with a unique linear and non-linear optical response as well as intriguing optical energy transport properties. They are of fundamental interest as model materials to study the nature of excitons in systems of reduced dimensionality. Moreover, the aggregates resemble natural light harvesting and energy transporting units, which makes them attractive as model materials for studies of photo-physical processes occurring in biological systems as well as for practical applications as building blocks for artificial light energy harvesting and transport systems. The extraordinary optical properties of molecular aggregates are to a large extent governed by exciton localization, transport and relaxation phenomena.
Our research addresses fundamental aspects of exciton dynamics in double-wall cylindrical aggregates. The collective excitations of the molecules, resulting from intermolecular dipole-dipole interactions, are described within a Frenkel exciton model with diagonal disorder, which has as a characteristic property of localization of the lowest lying exciton states. The experimentally observed intra and inter-wall ET dynamics at low temperatures (Fig 1.) reveal a non-equilibrium population of the excitonic subsystem. To a large extent the dynamics can be modeled using a Pauli master equation for the populations of exciton states.
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	Figure 1. Chrono-spectroscopic exciton dynamics in double-wall aggregates.


The second part of the work is focusing on the level statistics near the lowest excitonic band edge in quasi one-dimensional aggregates. As predicted by numerical studies, such system exhibits quantum-mechanical level repulsion with a Wigner-Dyson type of the nearest-level spacing distribution. We provide experimental evidence that localized excitonic states in the same segment of the aggregate indeed undergo the repulsion.
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