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Most organic polymers (i.e. plastics) are excellent insulators and are often used to isolate metallic conductors from other conducting materials. Beginning in the early 1960s, however, the conductive nature of conjugated organic polymers was discovered, leading to a new class of organic materials that blend the electronic and optical properties of inorganic semiconductors with many of the desirable properties of organic plastics, including mechanical flexibility and low production costs. This has resulted in the current growth of the field of organic electronics, with efforts focused on technological applications such as sensors, electrochromic devices, organic photovoltaics (OPVs), organic light-emitting diodes (OLEDs), and field effect transistors (FETs). In addition, the flexible, plastic nature of these organic materials has led to the realistic promise of flexible electronics in the near future. The importance of these materials was recognized with the awarding of the 2000 Nobel Prize in chemistry to Alan Heeger, Alan MacDiarmid, and Hideki Shirakawa for their early work in the field. 

An important area of research in this field focuses on the design and control of polymer structure in order to tune the physical, optical, and electronic properties. This is of utmost importance for the efficient application of these materials, as soluble, stable systems are required for processing and the desirable properties of these polymers are dependent on several key factors, such as the extent of conjugation, the material band gap, and the energies of the corresponding frontier orbitals. Thus the ability to sufficiently control such polymer properties is the key to the production of technologically useful materials. Our work on the design and synthesis of various fused-ring thiophene-based materials will be presented, along with examples of their applications in light emitting diodes and photonic devices.
