
 
 
 
 
 

 
 
 

Catalysis of Energy and the Environment 
Mediated by Zeolites and Molecular Sieves 

 
Shape selectivity and size exclusion concepts, together with Brønsted acid and 

bifunctional metal-acid reactivity, have historically driven the development and 
innovation of zeolites to perform catalytic transformations in the petroleum refining and 
chemical industries. Yet, zeolites show greater catalytic diversity resulting from the 
incorporation of framework and extraframework Lewis acidic and redox-active metal 
cations as active sites, and from the consequences of the size and polarity of the 
microporous (sub-nanometer) environments that confine such sites. We have developed 
new synthetic methods to precisely control the distribution of zeolitic framework 
aluminum atoms and, in turn, the density and speciation of extraframework cationic metal 
complexes. These synthetic methods enable preparing a given zeolite at fixed 
composition of matter, but with different atomic arrangements, and provide access to 
structural and catalytic diversity that is currently dormant. First, we will discuss Lewis 
acidic metal sites incorporated into low-defect, hydrophobic zeolites (Sn-Beta) for 
stereoselective reactions of biomass-derived sugars in liquid water. Turnover rates for 
sugar isomerization are higher (by 50x, 373 K) on active Sn sites incorporated within 
hydrophobic than within high-defect hydrophilic zeolites, because extraneous silanol 
defects and adsorbed water molecules destabilize intramolecular hydride shift transition 
states. Second, we will discuss redox-active extraframework Lewis acidic cations in 
zeolites (Cu-SSZ-13) for NOx selective catalytic reduction (SCR) with NH3, which is the 
leading catalytic technology for NOx pollution abatement in diesel engine exhaust. We 
provide evidence for the redox mechanism and active site structures that mediate NOx 
SCR at low temperatures (<523 K), conditions in which Cu cations are solvated by NH3 
and form dynamic coordination complexes with NO and O2 in a manner that resembles 
homogeneous rather than heterogeneous catalysis. 
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Refreshments will be available at 3:15 pm outside of the seminar room setup by Nick 

Yang.  Thanks Nick. 


