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The last few decades have seen tremendous improvements in the development of 
synthesis techniques to prepare well-defined catalysts with precision achieving the 
atomic level. Orthogonal to these efforts, techniques for the preparation of size- and 
shape-controlled nanomaterials have evolved at a fast pace since the 1990s. The 
control over size and shape distributions of these nanocrystals opened up an entire 
new area of research in catalysis, where single crystalline surfaces are translated into 
high surface area, supported nanocrystal phases that could be operated under realistic 
reaction conditions [1]. There is clear potential in this area to increase basic knowledge 
in structure-property relationship studies, and in being able to affect catalytic 
processes at scale. 
 
Metal and metal oxide nanocrystals are prepared by colloidal routes. Their deposition 
onto high-surface area, commercial supports is obtained by wet impregnation in 
organic solvents [2]. Organic ligands are removed by thermal treatments at high 
temperature for short periods of time [3]. Catalytic performance is evaluated in plug-
flow reactors under differential conditions. 
 
In this talk, I will highlight some of our recent work on using colloidal nanocrystals for 
structure-property relationship studies in catalysis, and to build catalytic systems with 
useful properties beyond conventional supported catalysts. 
In an effort to elucidate deactivation mechanisms occurring in supported catalysts, we 
employed colloidal nanocrystals to begin with uniform active phases and interrogate 
performance and stability of Pd-based catalysts for hydrocarbon activation reactions. 
We were able to independently control Pd particle size and particle loading, which is 
not possible through conventional impregnation methods. Counterintuitively, we found 
that increasing the density of Pd nanocrystals led to more stable materials after 
treatments at elevated temperatures [4]. We demonstrated that the decomposition of 
nanocrystals into atomic species is responsible for the deactivation, thus highlighting 
how it may occur through increase in dispersion, rather than sintering, and that single-
atom species are important intermediates in supported catalysts that may determine 
catalytic performance and stability. 
In a second example, we employed porous organic frameworks (POFs), a class of 
thermally stable, microporous, and chemically functionalizable amorphous polymers, 
to encapsulate colloidal metal nanoparticles and use these composites as catalytic 
platforms [5]. This approach is tunable in the polymer chemistry, morphology as well 
as the metal particle composition. We demonstrate that introducing the POF overlayer 
on palladium nanoparticles increases intrinsic activity as well as induces catalytic 



oscillations under conditions that do not induce oscillations on supported palladium 
catalysts for CO Oxidation, a test reaction. We discuss how the amorphous polymer 
overlayer induces changes to control transport and chemical environment of reactants, 
products, and intermediates at the metal active site much like in enzymes. 
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