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Organic photovoltaics offers a path to lightweight, flexible, and low-cost solar cells, but suffers from low 

power conversion efficiencies. This is mostly due to large exciton binding energies impeding the generation 

of free charges. The physics behind the exciton dissociation process, typically occurring at the interface 

between a donor and an acceptor molecule, is still not fully understood. Open questions include the 

influence of the local energy landscape and effects of vibrational states. Characterizing the exciton 

dissociation in detail is challenging due to the Ångström length scales and femtosecond time scales 

involved. 

At the University of British Columbia we approach this problem using two different families of surface 

science techniques, scanning probe microscopy (SPM) and angle-resolved photoelectron spectroscopy 

(ARPES.) To study the interface with high spatial resolution, we use low-temperature SPM techniques 

applied to model systems of donor–acceptor interfaces. Using atomic force microscopy (AFM) with a 

functionalized tip, we study the physical structure of the molecules and their interface in detail with deep 

submolecular resolution. With scanning tunnelling microscopy and spectroscopy (STM/S), we map out 

the local density of states at the donor–acceptor interface. We apply these techniques to two model 

systems: bimolecular heterojunctions consisting of a single CuPc and a single PTCDA molecule on a thin 

insulating film on a metal surface, and single ZnPc molecules on a bilayer of crystalline C60.  

Finally, I will discuss our plans towards time-resolved studies of donor–acceptor blends using femtosecond 

ARPES. With this method, we aim to observe the dissociation of excitons in real-time using a high 

repetition rate extreme ultraviolet femtosecond light source based on intracavity high-order harmonic 

generation. Using these techniques to further our spatiotemporal understanding of the physics occurring 

at interfaces within organic semiconducting systems will aid in the rational design of new and improved 

devices. 
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