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In thin films of semiconductor polymers, the polymer chains typically exhibit 
distinct orientation with respect to the substrate. The planar pi-face of the backbone 
can orient either in edge-on or face-on manner. Especially, an edge-on alignment is 
favorable for transport in thin film transistors, whereas face-on alignment is considered 
to improve vertical transport as desired in solar cells. However, molecular orientation 
is among the very few parameters that usually cannot be controlled when tailoring new 
semiconducting polymers. Here we show that both the mode of orientation as well as 
the degree of alignment can be well controlled by exploiting diffusive non-covalent 
interactions along the backbone using polydiketopyrrolopyrroles (PDPPs) as a case 
study.  

Fig.1.(left) General chemical structure of PDPPs synthesized and studied, (right) Sketch of GIWXS 
pattern for edge-on and face-on alignment of polymer chains 

By strategically varying the chemical structure in a systematic way, we attribute 
for the first time, the precise control of orientation based on diffusive non-covalent 
interactions. Our results demonstrate how orientation in thin films of semiconducting 
polymers can be controlled and optimized by rational design. This study enables high-
performance organic semiconductors with the additional benefit of tailored orientation 
that fits the desired application.  
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