
Heterogeneous Catalysis 101 
 
Section 1: Catalyst Types 

 
Bill Tolman (Washington University – Senior Investigator):  
The rate expressions are similar to others that are familiar to 
chemists - which raises the question of competitive inhibition. Can 
you distinguish between the different kinds of inhibition 
experimentally?  
 
Answer: Inhibition in heterogeneous catalysis can be evaluated by 
multiple methods.  Evaluation of the reaction kinetics including the 
reaction rate dependence on different chemical species identifies 
strong-binding inhibitors.  It is also possible to co-feed chemicals 
into a reactor to identify which ones will slow the overall reaction 
rate.  
 

Marc Hillmyer (UMN - CSP Director, Principal Investigator): When 
measuring rates of reactions using heterogeneous catalysts are you 
using GC techniques? 
 
Answer: There exists numerous methods to measure reaction rates 
including the measurement of temperature, pressure and 
composition.  One method of compositional analysis includes gas 
chromatography; the rate can be calculated by determining the 
amount of material converted in the presence of a catalyst for a 
period of time. 

 
Section 2: Catalyst Characterization 
 

Julia Kalow (Northwestern U – Seed Investigator): It seems like 
you would distinguish between surface and non-surface, can you 
distinguish between types of surfaces (edge, adatom, etc)? 
 
Answer: The presence of numerous types of sites in heterogeneous 
catalysis is a frontier research challenge.  In general, a global 
strategy to evaluate different types of sites does not exist.  There are 
examples of strategies that have worked for particular systems.  For 
example, it is possible to synthesize monodisperse metal particle 
clusters with different ratios of surface and edge sites; it is then 
possible to correlate the overall activity to the fraction of different 
types of sites. 
 
 



Bill Tolman (Washington University – Senior Investigator):  
Can you correlate the number of CO taken up with the number of 
active sites?  It seems difficult unless you know the CO binding 
mode(s).  
 
Answer: With supported metal catalysts such as supported Pt 
catalysts, the CO binding mode can safely be assumed to be the 
linear binding mode. This allows us to assume stoichiometric 
adsorption; CO will adsorb on to Pt with a 1:1 ratio. However other 
metals such as Rh, Ru or Pd, CO will adsorb in multiple binding 
modes (linear, bridge etc.) and the exact adsorption stoichiometry 
can be challenging to determine.  

 

Section 3: Advanced Concepts and Part 4: Real Catalyst Systems 
 

Guilhem DeHoe (UMN – Graduate Student; Hillmyer): In some 
systems there’s a dehydration step, are these reactions built to 
recover the hydrogen or do they vent them off? 
 
Answer: In most chemical processes, hydrogen is a valuable 
byproduct and recovered for economic benefit. 
 
Gereon Yee (UMN – Postdoctoral Researcher; Hillmyer): 1) In 
regard to agglomeration, are there any simple methods to reprocess 
the catalyst to de-agglomerate the metal active sites?  
 
Answer: It is difficult to re-disperse agglomerated metal particles 
on support materials; it is more common to remove the catalyst and 
reapply entirely to recover the same level of metal dispersion. For 
example, metal nanoparticles supported on carbon can be recovered 
by subjecting the catalyst to a high temperature oxidation that 
removes the carbon support. The metal nanoparticles left behind 
can then be re-dispersed on a new carbon support.  
 
2) How do you think about homogeneous catalysts that are bound to 
the surface of a solid support? Do you think of them as 
homogeneous catalysts simply with fewer degrees of freedom or are 
they more akin to a true heterogeneous system? 
 
Answer: The hybrid catalyst systems can be thought of as having 
the potential of both heterogeneous and homogeneous systems.  
Different approaches to graft or bind homogeneous catalysts form a 
second phase, but the active sites are more tunable than a 
conventional metal or acid site. 
 



Guilhem DeHoe (UMN – Graduate Student; Hillmyer): In 
heterogeneous catalysis systems you don’t need to separate your 
products out - do people feed the products of these reactions into 
polymerization reactions directly?     
 
Answer: In a chemical process with heterogeneous catalysts, there 
are usually several unit operations between a catalytic reactor and a 
second reactor including a heat exchanger, compressor/pump, or 
separation method (flash, distillation). 

 
Julia Kalow (Northwestern U – Seed Investigator): 1) In regard to 
itaconic to isoprene, since you generate hydrogen, how do you avoid 
hydrogenation of isoprene?  
 
Answer: In the itaconic acid conversion to isoprene, hydrogen is 
consumed.  To avoid diene hydrogenation, the ring-opening 
dehydration reaction is conducted in a second reactor absent of 
hydrogen gas. 
 
2) To what extent can physical (in)organic/mechanistic tools like 
isotope effects, Eyring/Arrenhius analysis be applied to these 
systems?  
 
Answer: Most of the kinetic interpretations that exist for 
homogeneous systems are also applied to heterogeneous catalysts.  
This includes techniques such as kinetic isotope effects and an 
Arrhenius analysis to estimate the apparent activation energy for 
the overall catalytic cycle 
 

 

 

 

 


