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ABSTRACT
A major challenge in organic electronics lies in the development of soft, deformable, 
and electronically active materials that can readily assemble into hierarchical 
structures. In this talk, I discuss our recent work on a new class of biohybrid materials 
and single molecule charge transport in conjugated organic polymers. In the first part 
of the talk, I discuss the hierarchical assembly of pi-conjugated peptides, which are 
an interesting class of electronically active biohybrid materials that combine natural 
polymers (peptides) with synthetic materials (pi-conjugated polymers). In particular, 
we study the spontaneous assembly and gelation of synthetic peptides containing 
different pi-conjugated cores (oligothiophene and perylene diimide) and different 
peptide sequences using a combination of microrheology, optical microscopy, and 
electron microscopy. Interestingly, we find that pi-conjugated peptides assemble 
into beta-sheet-rich fiber-like structures only under certain conditions, such that the 
morphology of the assembled fiber network is tightly controlled by the assembly 
kinetics and is highly sensitive to the underlying chemical structure of the substituent 
molecules. An analytical reaction-diffusion model is used to describe the kinetics of 
the assembly process. Microrheology is combined with in situ confocal fluorescence 
microscopy and lifetime imaging (FLIM) to characterize the sol-gel transition, and 
phase diagrams are experimentally determined across a wide range of conditions. 
In the second part of the talk, we focus on the fundamental mechanisms behind 
intramolecular charge transport in these materials. We directly measure the 
conductance of single molecules using a scanning tunneling microscope-break junction 
technique (STM-BJ). In particular, we characterize the charge transport properties of 
donor-acceptor polymers and sequence-defined pi-conjugated oligomers (oxazole-
containing oligomers), which provides a first-of-its-kind understanding of how the 
primary monomer sequence affects the electronic properties of these materials. 
Overall, our work provides new information regarding the charge transport behavior in 
organic materials, which will be useful for designing new molecular electronic devices.
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