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Sol-gel synthesis is an extremely flexible technique for producing porous, low-density 
nanocomposite materials [1,2].  Metal or other nanoparticles can be incorporated into an about-to-gel 
sol; the sol is then gelled and dried, trapping the suspended nanoparticles.  If the gel is supercritically 
dried, wherein the pore liquid is extracted above the critical point, an aerogel, with a connected 
network of mesopores, is obtained (Fig. 1a).  The electrical conductivity, optical absorption and 
chemical activity of these composites can be tuned by simply altering the composition and 
concentration of nanoparticles guests prior to incorporation in the gel network.  Furthermore, 
because of the connected mesopore network, it is possible to chemically address and modify both the 
aerogel surfaces and incorporated nanoparticles in situ (Fig. 1b) [3].  Diverse aerogel 
nanocomposites including Au-silica, Au-titania, Pt-silica, carbon black-silica, zeolite-silica, and 
titania-silica, have been produced in this manner. 
 
Important questions for the development of aerogel nanocomposites include how the nanoparticles 
are incorporated into the gel host, and whether the presence of the nanoparticles affects the gel 
structure.  Traditionally, the structure of aerogels is studied through a combination of gas 
physisorption measurements [4], to characterize surface area, pore volume and pore size distribution, 
and small-angle neutron scattering (SANS) [5], to determine the distribution of gel particle sizes and 
shapes.  Limited transmission electron microscopy (TEM) work has been done on aerogels, [6] due 
to their insulating properties and electron beam sensitivity.  Despite these difficulties, TEM remains 
the best technique for characterization of the local structural relationship between the aerogel matrix 
and guest nanoparticles (Fig. 2).  By comparison of SANS, physisorption and TEM studies we have 
demonstrated that for the noble-metal nanoparticle-silica aerogel composites there is no significant 
alteration of the pore architecture due to the incorporation of nanoparticles ranging in diameter from 
2 to 100 nm [7].   
 
For catalytic, electrocatalytic and chemical sensing applications, a critical feature of the 
nanocomposites is the chemically accessible surface of the guest nanoparticles.  The nanoparticles 
must be mechanically stable inside the gel, and the gel nanocomposites must be able to withstand 
liquid immersion.  However, the nanoparticles cannot be so encased in gel as to be screened from the 
pore network.  The challenge is to determine what combination of nanoparticle size, sol chemistry 
and drying method produces the optimum mechanical stability and accessible nanoparticle surface.  
Our results show that for particles 5 nm and larger, the particle surfaces remain chemically accessible 
in noble metal-silica aerogel composites.  Smaller particles, e.g. 2-nm Pt, are often completely 
encased by the silica aerogel matrix.  The encasement problem can be overcome by impregnating 
traditional metal-on-carbon catalysts with silica gel (Fig. 3).  Because the silica gel provides a 
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mesoporous pathway to the carbon-supported Pt sites, while minimizing the agglomeration of the 
catalyst particles, dramatic improvements in catalytic activity can be achieved [8,9]. 
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FIG. 1 (a) SEM micrograph of a 100-nm Au-silica aerogel nanocomposite, showing the mesoporous 
network (black).  (b) TEM image of crystalline RuO2 nanowires grown in situ on an amorphous-
silica aerogel host. 
FIG. 2  TEM image showing the distribution of 5-nm metal particles in a Au-silica aerogel 
composite. 
FIG. 3  TEM image of a Pt-modified Vulcan carbon-silica composite. 
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