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Tailoring the binding center and its environment…..

Catalysts everywhere …… with binding centers and some surroundings
A cigar lighter  (1823)                   

Hydrogenation of fats/oils (1900)
Nitrogen fixation (ammonia synthesis) (1910) 

Clean/efficient fuels (fossil/biogenic)            
Hydrogen production

Emissions control                 Environmental remediation                                    
Fuel cells                                 Polymer synthesis     

Biological catalysts (enzymes)Porous solids

Zeolites

Metal-organic frameworks

Metal/oxide clusters/nanoparticles 



Tailoring the binding center and its environment…..

Catalysts everywhere …… with a binding center and some surroundings

A + Catalyst ..............

................ Z + Catalyst

A Z

A catalyst transforms reactants into products 
through a cycle of (“smaller”) elementary 
steps.....until the last step regenerates the catalyst



(1 October 2022) Rocky Mountain National Park
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We are experimentalists abetted by theory ….              
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A + Catalyst ..............

................ Z + Catalyst

A Z

Experimental inquiries into chemical dynamics …. 
and the identity and kinetic relevance of bound species and elementary steps
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……. the periodic table

metals/alloys

…. metal nanoparticles (and their size) in catalysis……
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Junmei Wei
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Smaller clusters have more (and sharper) edges 
…..
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Exploiting solids with known structure … and descriptors of reactivity
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inorganic hosts

…..   acid strength impacts reactivity and 
selectivity

…. charge (and charge distribution) in                       
bound precursors                                   
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Design solvating environments 
around  “binding points”:              
voids, liquids, dense adlayers

voids

“solvation”

inorganic hosts

H+
H+

“Environmental” effects in catalysis … the outer sphere effects
liquids

Product

dense adlayers

…. more flexible and 
diverse in composition

…. bound species as solvents 
and “anti-solvents”



… connect reactivity/selectivity with energies
(not just compositions or structures) 

Construct and probe 
specific “binding points”

Design solvating environments 
around “binding points”:              
voids, liquids, dense adlayers

Catalysis:  Guiding molecules across energy landscapes 
….. and the tools that shape such landscapes

…decrypting 
molecular 
dialects …. 
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… connect reactivity/selectivity with energies
(not just compositions or structures) 



“Staring at transition states …”  

Start

End …decrypting 
molecular 
dialects …. 

… connect reactivity/selectivity with energies
(not just compositions or structures) 

X



Potential Energy

Reaction Coordinate

Start

End

Surface catalysis …. channeling molecules through energy landscapes
……. staring at transition states 
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