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Transport processes in molecular assemblies: 
From supramolecular nanostructures to devices

To resolve and understand energy and charge transport in assemblies of organic molecules on a molecular
scale, and to develop approaches to control and optimise such processes is a key challenge in engineering of
organic devices. I will discuss how high-resolution optical spectroscopy and microscopy allow us to map these
transport processes in space and time using two examples. First, I will show how we use well-defined single
supramolecular nanostructures to visualise and optimise energy transport. By engineering the supramolecular
architecture, we have achieved long-range transport over several micrometres at room temperature [1, 2],
surpassing transport distances in conventional organic materials by more than two orders of magnitude. While
this transport is along random directions, for device applications the introduction of directionality – or an energy
funnel towards a specific direction – is important. We achieved such a funnel for energy by imprinting
continuous energy gradients into nanofibers through controlled crystallization of conjugated polymers [3]. In the
second example, our efforts in characterisation of the coupled ionic-electronic transport in organic
electrochemical transistors will be discussed. Using hyperspectral imaging with high spatial resolution [4] we
investigate morphological changes in the transistors’ active organic layers upon swelling with an aqueous
electrolyte. The intake and motion of ions in these swollen layers as well as the doping dynamics of the layer is
monitored during transistor operation. This approach allows us to relate this charge carrier dynamics to the
morphology of the layers and how microscopic properties translate into device scale behaviour.
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