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Controlling exciton diffusion for white light emission

Organic semiconductors have achieved wide success for devices such as light-emitting diodes (LEDs) or transistors that are used in displays or lighting applications. Further technological advances will only be possible if we understand what governs the motion of excitons (excited states) through the organic semiconductor.


In a LED, many excited states are phosphorescent, i.e. they have a triplet spin state. I will show that for materials with little  energetic disorder, the diffusion of such triplet excitons via a Dexter-type  transfer mechanism is thermally activated and can be described using a simple  Marcus theory approach down to a transition temperature TT, below which the transfer rate is approximately constant. Below the transition  temperature, the nature of the transfer changes from phonon assisted hopping to quantum mechanical tunnelling. A lower activation energy is needed for diffusion along a polymer chain than for diffusion between neighbouring chains or molecules. I will then demonstrate two approaches to employ this insight 

in the design of side-chain polymers with red, green and blue  phosphorescent emitters that are intended for white-light emission.

            White-light emission might also be achieved using fluorescence. I will show that cascading (F\"orster-type) energy transfer can be suppressed when the emitters are incorporated in an inorganic nanocrystal such as  to form a two-dimensional layer within the organic-inorganic nanocomposite. 

