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Natural Catalytic Phenomena
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The Earth’s Carbon Cycle





The Catalytic Cycle

Catalytic Cycle

Molecule A

Molecule B

Molecules
Electrons
Photons

Catalyst

StartRegeneration

A

B

A

C

Reaction

Photons,
Electrons

D

Homogeneous - Atom, molecule, metal 
complex
Biocatalyst - Enzyme
Heterogeneous - Simple or complex 
solid

Catalysts 
give precise spatial 
and temporal control 
of chemical reactions,

can operate billions of 
cycles,

store and release 
energy. 



Catalysis is the fundamental chemical phenomenon that underlies 

Life
90% of new chemical processes

CO2 conversion to roses 
Nontoxic auto-exhaust

Petroleum fuels

Ammonia fertilizer
Chateau Lafite Rothschild (1887)

Nylon
Sulfuric acid

L-dopa
Hefty trash bags

Anti-freeze
Fuel cells

Plastic drain pipe
Aspartame
Roundup

and on and on ……

"Virtually every 
chemical reaction that 

occurs in living 
organisms is 

catalyzed by a 
specific enzyme."

The Living Cell - C. deDuve Most important 
environmental 

technology
G. Ertl's 2007 Nobel 
prize involved study 

of this catalytic

system

Chiral Rh complex 
creates a chiral 

product
W. Knowles shared 
2001 Nobel prize for 
work on this system  

Makes diet coke 
possible  



Example Discussion
Beyond petroleum, manufacturing fuels and 
chemicals from small molecules…



Human Population and the Distribution of Wealth





TAP Reactor Studies of Catalytic Processes
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Kinetic Data from Pulse Response Curves

• Conversion (number of surface
oxygen atoms and hydrocarbon)

• Selectivity
• Product Yield
• Residence time
• Apparent rate constants
• Apparent intermediate gas constants
• Apparent time delay

Quantities calculated from 0th, 1st, 
and 2nd moments

Shekhtman, S. Interrogative Kinetics A New Methodology or 
Catalyst Characterization.  Doctoral Thesis, Washington 
University, 2003.
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1.  Knudsen Transport - well defined
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2.  Small pulse size - High S/N
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Thank you.
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