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ABSTRACT 

 
 This paper describes several approaches to understanding and improving the response of π-conjugated 
(semiconducting) polymers to tensile strain. Our principal goal was to establish the design criteria for introducing 
elasticity and ductility in conjugated (semiconducting) polymers through a rigorous analysis of the structural 
determinants of the mechanical properties of this type of material. We elucidated the details of the effect of the alkyl side 
chain length on the mechanical properties of regioregular polythiophene and used this analysis to select materials for 
stretching and transfer printing of organic solar cells to hemispherical substrates. This demonstration represents the first 
time that a conjugated polymer device has ever been stretched and conformally bonded to a complex 3D surface (i.e., 
other than a cone or cylinder, for which flexibility—as opposed to stretchability—is sufficient). We then further 
explored the details of the dependence of the mechanical properties on the side chain of a semiconducting polymer by 
synthesizing a series of hybrid materials (block and random copolymers) containing both short and long side chains. 
This analysis revealed the unusual semiconducting polymer, poly(3-heptylthiophene), as having an excellent 
combination of mechanical and electronic properties. In parallel, we explored a new method of producing “blocky” 
copolymers using a new procedure based on random segmentation of conjugated monomers. We found that introduction 
of structural randomness increased the elasticity without having detrimental effects on the photovoltaic performance. We 
also describe methods of synthesizing large volumes of conjugated polymers in environmentally benign ways that were 
amenable to manufacturing. 
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1. MECHANICAL PROPERTIES OF CONJUGATED POLYMERS AND POLYMER-FULLERENE 

COMPOSITES AS A FUNCTION OF MOLECULAR STRUCTURE 
 
 Although mechanical compliance is touted as a distinct advantage of semiconducting polymers, the relationship 
between the structural parameters of these materials and their mechanical properties is not often emphasized. To explore 
this relationship, we began by studying the effect of the length of the side chain on the tensile modulus and brittleness 
for a number of regioregular poly(3-alkylthiophenes) (P3ATs) (Figure 1), as well as their blends with a soluble fullerene 
derivative, Phenyl-C61-butyric acid methyl ester (PCBM).[1] We found that as the alkyl side chains were made to be 
shorter, the tensile modulus of the pure P3AT films dramatically increased, from 0.16 GPa for dodecyl side chains to 
1.87 GPa for butyl side chains.[1] As expected, the addition of PCBM increased the moduli of the films, and blended 
P3AT:PCBM films generally demonstrated moduli greater than those of the pure polymers by factors of 2-4.[1] Moduli 
were measured using the strain-induced elastic buckling instability, wherein films of relatively high modulus are bonded 
to relatively soft materials, and the buckling wavelength, λb, is related to the thickness of the film, df, the Poisson ratios 
of the two materials, νf and νs, and the tensile moduli of the film and the substrate, Ef and Es, by equation (1):[1] 

 = 3 1 −1 − 2 	 					( ) 
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