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 Hybrid materials that combine organic and inorganic components at the smallest of 
length scales are appealing because of the potential for combining the unique properties of the 
different constituents, such as the flexible or moldable character and the chemical functionality 
of polymers and the hardness or magnetic properties of minerals.  In biogenic hybrid minerals 
such as bones, teeth, and shells, integration of organic macromolecules (proteins) in very low 
concentrations (typically no more than a few percent by weight) imparts remarkable 
enhancements in mechanical properties compared to the analogous minerals of non-biogenic 
origin, calcium phosphate and calcium carbonate (limestone or chalk).  In synthetic hybrid 
materials such as polymer–clay composites, addition of a few weight percent of clay can enhance 
the mechanical strength, thermal stability, and barrier properties of a polymer, but only if the 
individual, nanometer-thick layers of the clay are well dispersed in the polymer matrix.  
Manipulation of the interactions at the interface between the organic and inorganic components, 
which may not be inherently compatible or prone to integration, is the key challenge in the 
preparation of hybrid materials that exhibit “best of both worlds” property enhancements rather 
than “worst of both worlds” results.  
 Efforts in the Burkett lab are directed toward a novel route to polymer–clay 
nanocomposites that uses synthetic layered hybrid materials as substrates for the controlled 
growth of end-tethered polymer chains (“brushes”); recent work has involved magnesium 
organosilicates (Mg6Si8R8O16(OH)4) and magnesium-aluminum layered double hydroxide clays 
([Mg1–xAlx(OH)2]x+Ry–

x/y·zH2O) as initiating substrates for the controlled growth of the 
biocompatible polymer polycaprolactone.  This research involves inorganic and organic 
synthesis as well as the use of numerous instrumental techniques for compositional and structural 
characterization at multiple length scales, with an emphasis on solution- and solid-state NMR 
techniques.  The modular approach to the synthesis of components and composites 
accommodates a variety of linkage motifs that permit the synthesis of different types of polymer 
brushes of controlled length and packing density.  The resulting nanocomposites are of interest 
for their unique materials properties and as model systems for elucidating fundamental features 
of polymer–clay nanocomposite structure and polymer chain dynamics.  Nanocomposites of this 
type may find applications as lightweight, high-performance, flame-resistant materials in the 
airline and automotive industries or as components of medical implants and drug delivery 
systems in the biomedical arena. 

 
layered magnesium organosilicate 

(Mg6Si8R8O16(OH)4) 
polymer brush–clay nanocomposites 

low polymer content high polymer content 

tethered polymer chains 


















