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PATENTS 
 
“Nanoparticle assembled hollow spheres” 
J. Cha, T.J. Deming, G.D. Stucky, M.S. Wong, H. Birkedal, M.H. Bartl, J.L. Summerel 
US Patent 7,563,457 (July 21, 2009) 
 
A design strategy for constructing hierarchically structured materials using nanoparticles 
and synthetic biopolymers has been developed.  Block copolypeptides or homopolymer 
polyelectrolytes are used as structure-directing agents to arrange nanoparticles (composed 
of metals, metal non-oxides, metal oxides, or organics) into unusual microstructures, such 
as spheres, ³apples² and ³cups. ²  Hollow spheres can be made wherein nanoparticles of 
one composition are spatially oriented completely interior or exterior to nanoparticles of a 
second composition.  These aggregates contain nanoparticles only in the shell walls, and 
maintain their hollowness upon calcination. These shapes can also be fabricated into 
films.  These robust materials are anticipated to have great promise in applications that 
require surface catalysis, magnetic/electronic/optic properties, transport capabilities, and 
combinations thereof, such as drug delivery, packaging, catalysis, and sensors. 
 
 “Hydrogen cyano fullerene containing proton conducting membranes” 
F. Wudl, G.D. Stucky, H. Wang, B. Jousselme, K. Tasaki, A. Venkatesan 
US Patent 7,588,824 (September 15, 2009) 
 
The components of and a proton conducting membrane (PCM) produced from a host 
polymer and an attached or physically blended in hydrogen cyano fullerene proton-source 
agent, with the physical blending of the host polymer and hydrogen cyano fullerene 
further promoted by a poly(ethylene oxide) attached fullerene mixing agent. 



 


