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Motor proteins often work as groups in a number of cellular contexts to create intracellular 
organizations such as in muscles and the mitotic spindle. In addition to the motors, additional 
associated proteins regulate the interactions of the filaments and motors to rearrange the patterns 
created. Our lab studies the problems of motor protein trafficking and cellular organization using 
the microtubule filaments and motors proteins in in vitro reconstitution assays. We have found 
that multi-motor cargos can move long distances in high-traffic situations by adding new motors 
while walking. Further, motors can organize microtubules in cell-like arrays in the presence of 
microtubule crosslinking proteins. Our simple minimal models of reconstituted proteins are a 
powerful method to dissect the questions of cellular organization from the bottom-up. 
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Although metal-catalyzed reactions have played a profound role in organic synthesis, catalytic 
routes to bonds between main group elements are much less explored. In this talk the use of 
catalytic processes to dehydrogenate amine-borane and phosphine-borane adducts and related 
species will be discussed in addition to mechanistic details. The work has relevance to the 
synthesis of new polymeric materials (e.g. polyaminoboranes, analogs of polyolefins with a BN 
backbone) and also to hydrogen storage and transfer chemistry. 
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Organic conjugated macromolecules have received great attention due to their use in optical and 
electronic applications. Certain molecular assemblies have shown enhanced light harvesting 
properties by virtue of strong excitonic coupling in the multi-chromophore system. Organic 
dendrimers, two-dimensional networks, and circular macromolecular aggregates have shown 
properties of strong intra-molecular interactions which have been utilized in light harvesting 
processes, photovoltaic (solar) devices, dielectric effects, as well as for enhanced nonlinear 
optical effects. This talk will discuss our basic results and conclusions over the past years 
utilizing these systems. The excitation mechanism in these systems depends on the nature of the 
branching center, the geometrical orientation of covalently attached chromophores, and the 
extent of delocalization. Through steady-state and time-resolved spectroscopy, we have 
characterized the mechanism of energy transport and the relative strength of intra-molecular 
interactions. In this presentation the photo-physical properties and applications in optical and 
electronic devices will be described. For particular assemblies the processes of efficient energy 
transfer, fast energy redistribution, and enhanced two-photon absorption cross-sections will be 
discussed. 
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Investigators in the NSF Phase II Center for Chemical Innovation, the Center for Enabling New 
Technologies through Catalysis (CENTC), work collaboratively to develop efficient and 
selective methods for the production of chemical and fuels from a variety of feedstocks. Through 
the development of new catalysts, CENTC researchers seek to lower the energy costs to 
transforming chemicals, use inexpensive, abundant and nontoxic materials and generate less 
waste. Natural gas, coal, shale and biomass may all be viable as starting materials for the 
production of chemicals and fuels. This presentation will highlight CENTC contributions toward 
improving the sustainability (environmental impact and economics) of the production of 
chemicals and fuels in the 21st century. 
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Chemists have not only a remit to uncover new types of matter and their transformations but also 
a responsibility to enable access to interesting materials to the broader community of molecular 
scientists. When this involves materials of synthetic origin, then the energy, resources and waste 
of production become important factors in the success of the project. The investment in 
discovering and optimizing route to molecules en masse reap benefits in the area of further 
creative exploration as well as in economy of existing effort and resources. The present talk will 
focus on a kilogram scale production of corannulene and the route to several derivative of 
corannulene enabled by this process. 
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Ionic liquids (ILs) are organic salts that have sufficiently low melting points that, in their pure 
state, they are liquid around room temperature. We will discuss how ILs can be designed for a 
variety of important energy-related applications. We will show ILs for gas separations, including 
removal of CO2 from post-combustion flue gas, pre-combustion gases, and natural gas. We will 
also discuss the use of ILs for two different types of refrigeration systems: IL/water absorption 
refrigeration and CO2/IL co-fluid vapor compression refrigeration. Both of these offer 
environmental advantages over conventional technology while improving coefficients of 
performance. Next, we will show how the structure of the anion and cation can improve the 
‘ionicity’ of ILs, which is important in the use of ILs as electrolytes for lithium-ion batteries, dye 
sensitized solar cells and supercapacitors. Finally, we will explore the potential use of ILs in the 
(photo)electrochemical reduction of CO2. 
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High charge separation efficiency combined with the reduced fabrication costs associated with 
solution processing and the potential for implementation on flexible substrates make “organic” 
solar cells a compelling option for the next generation of photovoltaic devices. The control the 
donor/acceptor blend morphology in bulk heterojunction (BHJ) materials as required for 

achieving high power conversion efficiency is of primary 
concern. We showed that by incorporating a few volume 
percent of a solvent additive, the power conversion 
efficiency of photovoltaic cells is substantially increased, 
and this method of optimization widely used. 

Additives influence the size of BHJ organization and can 
improve order within the polymer domains. In the first 
part of this presentation, we show x-ray scattering as a 
function of time to explore the dynamics of the BHJ 
evolution. These studies show that octanedithiol in 
chlorobenzene induces nucleation of crystallites within 
two minutes of deposition, increases the orientational 
order, and allows further crystallite nucleation over a 
period longer than 40 minutes. These observations are 
absent when the same BHJ blend is cast from pure 
chlorobenzene. 

In the second part, we will examine a new class of 
small molecules with modular features that can be used to 
fine tune the optical absorption to match the solar 
spectrum, molecular orbital energies that are appropriate to 
achieve excellent power conversion efficiencies and 
topological attributes for controlling phase separation and 

film forming behavior. Through appropriate processing conditions involving very small 
quantities of solvent additives, it is possible to attain power conversion efficiencies of 7 %. The 
additive content is critical for managing the crystallite size of the donor domains. 
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Nanoparticles are currently synthesized with a materials approach, similar to polymer chemistry, 
wherein the products are only approximately uniform. Ultimately, however, we would like to 
develop rational strategies to synthesize molecular nanoparticles, similar to organic chemistry. 
The first two steps have been taken: (i) showing that nanoparticles can indeed exist as molecules, 
and (ii) showing that single-sized products can be produced by size separations or by destroying 
less stable species. The latter methods inherently produce small quantities of product. Herein we 
show that it is possible to directly synthesize gram-scale quantities of Cs4Ag44(SR)30 molecules 
with >90% yield and with no post processing or size separations. These silver cluster molecules 
are stable for extended periods of time in solid form and in solution in solvents ranging from 
water to toluene. There appears to be no principle upper limit to the scale of the synthesis, which 
suggests that kilogram scales of pure product should be achievable. The optical density of these 
unique materials is more than an order of magnitude higher than a conventional dye molecule, 
making them prime candidates for use in solar cells. 




