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The transport of charges and excitons in molecular systems is crucial for the operation of flexible 
optoelectronic devices like organic solar cells and field-effect transistors. However, it is remarkable 
that the nature of charges and excitons, along with the related transport mechanisms in these soft 
materials, has puzzled the community for many years. Even in seemingly simple systems, e.g., organic 
single crystals, some experiments seem to favor a localized particle picture, while others support a 
coherent wave-like interpretation. 
 
I will discuss how first-principles-based model Hamiltonians and state-of-the-art non-adiabatic 
molecular dynamics simulations [1,2], which couple the electron-nuclear motion, allow for the 
accurate reproduction of experimental optical and transport properties of large molecular aggregates 
used for optoelectronic applications and provide important insights.  
 
For example, I will show how the interplay of charge transfer excitations and Frenkel exciton states in 
new non-fullerene acceptor materials currently used for organic solar cells is responsible for the 
broadening and red shift in the absorption spectrum from solution to solid state, contrasting common 
causes like J-aggregation. Accurate simulations, along with evidence from transient absorption 
spectroscopy and magnetic resonance spectroscopy, enabled the disentanglement of the complex 
excited state dynamics in these systems [3]. 

 
Moreover, I will show that in ordered crystalline materials used in efficient optoelectronic devices, 
charges [1] and excitons [2] undergo a transient quantum delocalization mechanism by thermally and 
momentarily accessing vibrationally dressed extended states. This leads to spatial displacements of 
the wavefunction in these materials and underlines their temperature-dependent mobility [4]. 
Designs rules and directions to improve diffusivity and performance of new optoelectronic devices will 
be discussed.   
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