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Applications to environmental and energy challenges rank among the main focus in 
the development of nanocrystalline materials, thanks to their unique properties as 
compared to their bulk counterparts. Together with chemical composition, crystal 
structure, surface coverage, size, and shape of nanocrystals are the main factors 
responsible for their functional properties. The past decades have witnessed 
therefore great efforts and success in setting up synthetic routes for the preparation 
of highly crystalline nanoparticles with well-defined morphology. In particular, an 
accurate control over nanocrystal size and shape can be obtained through synthetic 
strategies based on surfactant-assisted chemical routes in solution. [1,2] 
Bare or surfactant-capped nanocrystals however suffer some major limitations where 
it comes to targeted applications where the operating conditions require a complex 
media and/or harsh environment, which may undermine the stability of the 
nanocrystals, leading to the loss of size and shape. In addition, when it comes to 
specific applications such as catalysis, which imply accessibility to the nanocrystal 
surface as well as high stability, surface ligands may hinder the functional properties. 
Here, we show a successful strategy to improve the processability of nanocrystals, 
with particular reference to catalytically active shape-controlled nanoparticles to be 
used for prospective environmental and energy-related applications. We propose an 
approach which relies on the stabilization of colloidal nanoparticles by dispersion in a 
SiO2 aerogel matrix, where aerogels are 3D low density solids whose unique features 
derive from their highly divided and porous backbone. Indeed, porous silica has 
already demonstrated to act as an effective matrix for the design of catalysts with 
high stability. [3, 4] 
 
As a relevant example, stabilization of cerium (IV) oxide nanocrystals will be 
presented. Ceria play a key role in fields such as catalysis, biomedicine, 
environmental remediation. The functional properties of ceria are strictly connected 
to its redox behavior, which is also demonstrated to be shape-dependent, due to the 
exposed crystal facets and their different tendency to form oxygen vacancies. 
Here, a surfactant-assisted protocol was used to prepare nearly monodisperse 
colloidal ceria in the form of nanocubes with average edge size around 7 
nm. Through sol-gel strategies suitable to incorporate CeO2 nanocubes into a highly 
porous silica aerogel, the size, shape, and functional properties of the shape-
controlled ceria nanocrystals are stabilized. A multi technique approach combining 
powder nitrogen physisorption porosimetry, X-ray Diffraction, Electron microscopy 
techniques, and High-Energy Resolution Fluorescence Detected (HERFD) - X-ray 



Absorption Near Edge Spectroscopy (XANES) at the Ce L3 edge demonstrated the 
effectiveness of the proposed protocol. 
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