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B The Power of Materials Chemistry in Meeting Challenges of Energy

Research: From Harvesting to Conversion and Storage
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Owing to issues of accelerating global energy demand, exhausting of fossil fuel and climate change,
energy is amongst the most important challenges facing humanity today. This talk will explore the power
of materials chemistry in energy research regarding the development of efficient, cheap and sustainable
systems for the harvesting, conversion and storage of renewable energy sources. | will first describe my
work in the development of new semiconducting polymers for high performance organic solar cells. We
have developed a series of thieno[3,4-b]thiophene based polymers by rational design and demonstrated
the first polymer solar cell system showing over 7% efficiency. Our work establishes that efficient
photovoltaic polymers can be optimized through fine-tuning the structural and electronic properties of
polymer backbone, pointing out the bright future of polymer solar cell as alternative solar energy
harvesting materials. The second part focuses on the development of nano-carbon based hybrid materials
for energy conversion and storage. In this context, we have developed hybrid material of spinel oxide
nanocrystals grown on graphene sheets/carbon nanotubes and found their surprising activities as a
bi-functional oxygen electrode catalyst, which are crucial for fuel cell and water splitting. Furthermore,
we have fabricated several graphene based hybrids as electrode materials for supercapacitor and
lithium-ion battery, affording improved specific capacities and rate performance. Synergetic coupling of
functional nanocrystals with nano-carbon materials opens up a new approach to advanced catalysts and
electrode materials for energy conversion and storage.
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BEEE Imide-Functionalized Polymer Semiconductors for High-Performance

Organic Thin-Film Transistors and Solar Cells
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Diimide-functionalized arylenes are widely used as n-channel small-molecule semiconductors for
applications in organic thin-film transistors and solar cells. Recently, they have been demonstrated to be
attractive electron acceptor units for creating high-performance polymer semiconductors with fine tuned
bandgaps and frontier molecular orbitals as well as desired film microstructures and morphologies of the
resulting polymers.

Here, we present the imide-functionalized polymer semiconductors for applications in
high-performance organic thin-film transistors and solar cells. The imide-functionalized aryenes include
naphthalene diimide, phthalimide, thiophene imide, and bithiophene imide. By copolymerizing with
various electron donor counits, we are able to achieve polymer semiconductors with tunable charge
carrier polarities (n-channel, p-channel, and ambipolar). The n-channel polymers show electron
mobilities approaching 0.3 cm?/Vs, and p-channel polymers exhibit hole mobilities around 2 cm?/V. The
inkjet-patterned polymeric CMOS inverters show voltage gains of 40. The substantial charge carrier
mobilities, small bandgaps, and low-lying HOMOs enable the imide-functionalized polymers as
excellent electron donor layer in organic solar cells. The solar cells show promising power conversion
efficiencies with interesting device performance parameters. Bulk heterojunction organic solar cells
show unprecedented fill factors of 75-80%, which greatly boost the power conversion efficiency to 8.7%
using polymers with moderate bandgap of ~1.80 eV. The physical origins of such high fill factors have
been elucidated and the structure-property-device performance correlations of these polymers have been
established.




