
 

Arguably  the most pressing technological 

problem of this century is the replacement of 

fossil fuels with renewable energy sources, to 

avoid the worst effects of global warming.  

Solar electric power is the most promising of 

many options for renewable energy, and great 

progress is being made in installing current 

technology on a meaningful scale.  At the 

same time, there is growing interest in a new 

generation of “soft” photovoltaic materials, 

which exploit recent decades of progress in 

polymer synthesis and morphological control.  

Among these materials are semiconducting 

diblock copolymers, in which donor and 

acceptor polymer blocks self-assemble to 

create nanoscale domains with plentiful 

interfaces for exciton separation.  Design of 

these polymers for best device performance 

leads to critical new challenges for polymer 

materials theory.  Unlike conventional 

polymers, these new polymers are 

semiflexible, which has profound 

consequences for their morphology.  Using a 

combination of molecular dynamics simulations 

and self-consistent field theory, we can predict 

how semiflexible polymers are strongly aligned 

near substrates and interfaces, which may 

improve transport properties in thin-film 

devices.  And unlike conventional 

semiconductors, electronic transport properties  

 

are strongly influenced by molecular disorder.  

Combining density functional theory, coarse-

grained tight binding models, and atomistic MD 

simulations, we can make testable predictions 

of how conformational disorder effects 

electronic structure and ultimately transport in 

these promising materials. 
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