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Our interest in ladder-shaped polymers led to the development of unusual materials. We 

developed Catalytic Arene-Norbornene AnnuLation (CANAL) to synthesize ladder polymers consisting 
of fused conformationally restricted rings from readily available norbornenes and aryl bromides. 
Efficient CANAL polymerization produced rigid ladder polymers with ultrahigh molecular weights, 
contorted conformations, and various functionalities. These ladder polymers exhibited high 
microporosity, high thermal and chemical stability. Mechanically robust membranes from optimized 
polymers show unprecedented performance for gas separations.  

We also developed several unique families of polymers with ladder repeat units that readily 
rearrange under mechanical force to form different conjugated polymers with variable optoelectronic 
properties and self-assembly behavior, dramatically changing all their intrinsic properties at once. The 
force-induced macromolecular transformation led to unprecedented materials that respond to stress 
in a multifaceted fashion in both solution and solid states, and revealed interesting dynamic effects 
with effective mechanotransduction along covalent bonds. 
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