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Research Summary
Organic, Organometallic, and Polymer Chemistry/Materials for Energy Conversion

Our research program involves the use of organic synthesis for the design, development, and 
application of new concepts in macromolecular, supramolecular, and materials chemistry. Our 
research efforts span a number of areas in the chemical sciences and include studies of (a) 
materials for solar energy conversion, (b) macromolecular systems that undergo structural 
changes in response to visible light and other stimuli, and (c) the influence of dendritic 
components of nanoscopic systems on phonic and electronic properties of materials. 

We have developed several new classes of dendritic materials containing photochromic subunits. 
As nature uses light energy to alter function in photoresponsive systems such as 
photosynthesis, vision, phototropism, and phototaxis, we use light energy to drive gross 
topological or constitutional changes in fundamentally new dendritic architectures with precisely 
placed photoresponsive subunits. In short, we can drive dendrimer properties with light stimuli. 
We have developed two entirely new classes of photoresponsive dendritic macromolecules: (1) 
Photochromic Dendrimers, and (2) Photolabile Dendrimers. We anticipate that switchable and 
degradable dendrimers of this type will have application in small molecule transport systems 
based on their ability to reversibly encapsulate guest molecules. We are continuing to develop 
these materials as potential transport hosts and photoresponsive supramolecular assemblies. 

Our interest in labile macromolecular structures has led to our development of the process of 
dendrimer disassembly, whereby a triggering stimulus initiates an electronic cascade cleavage of 
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dendritic structures into individual dendrimer subunits or larger dendrimer fragments. This 
chemistry introduces a new paradigm for the use of dendritic structures based on (1) the nature 
of dendrimers as covalent assemblages of active species, and using the chemistry of disassembly 
to release these species into a system; and (2) the role of dendritic components of a system in 
influencing solubility, energy harvesting, or insulating capabilities, etc., and using the chemistry of 
disassembly to reverse those contributions to a system. This is a powerful construct, in that 
dendrimers and dendritic structures can be made up of a wide variety of subunits, compatibilized 
with many different environments, and incorporated into countless systems. We anticipate that 
dendritic materials with disassembly capabilities will (a) be useful for traditional polymer 
degradation technologies, and (b) have potential applications in nanotechnology, biomedicine, 
sensors, etc. 

 
Reduced aggregation of a quinacridone core in dendrimers of increasing generation enhances 

solid state luminescence efficiency [Chem. Commun. 2005 444]
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