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It is not exaggerating to state that tremendous progress has been achieved for conjugated polymers 

based solar cells in the past five years, since we published our last comprehensive review in 2012 

(Macromolecules 2012, 45, 607−632). The device efficiency (η) – the percentage conversion of solar 

light input into the usable electricity output – has reached ~ 12% in the academic labs, posing polymer 

solar cells as a serious contender to the much more established amorphous silicon solar cells (~ 13%). 

This triumph is a result of synergistic efforts among chemists, physicists, and engineers, a true 

testimony to the significance of interdisciplinary research. 
 

A polymer solar cell, typically consisting of 

polymer:fullerene in a bulk heterojunction (BHJ) 

configuration to convert light into electricity, is a 

complex system. Though the materials properties 

of the active layer (i.e., optoelectronic properties 

of polymers and fullerenes) set up the upper limit 

on the output of the photovoltaic device (i.e., the 

efficiency), many other factors would need to be 

optimized and function synergistically to 

maximize the device characteristics (i.e., short 

circuit current, Jsc; open circuit voltage, V oc; and 

the fill factor, FF) within the upper limit. This 

intrinsic complexity of BHJ solar cells thus calls 

for a variety of expertise in synthesis, morphology, and device physics (including physical chemistry), 

in order to achieve a comprehensive understanding of the relationship between the structures (of 

materials) and properties (of devices). 
 

In this talk, I will summarize our understanding on the molecular engineering of conjugated polymers 

to achieve highly efficient BHJ solar cells. A few specific examples will be discussed to highlight the 

comprehensive approaches (synthesis, morphology and device physics) we have employed to elucidate 

the fundamental underlying principles that govern the device output.  
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