
1

Chapter 27

Catalysis and some industrial processes

Homogeneous catalysis: alkene (olefin) and alkyne
metathesis

Homogeneous catalytic reduction of N2 to NH3

Homogeneous catalysts: industrial applications, 
development.

Heterogeneous catalysts: surfaces, interactions with 
adsorbates, commercial applications, and organometallic 
cluster models

Catalyst – a substance that alters the rate of a reaction 
without appearing in any of the products of that reaction; 
it may speed up or slow down a reaction. For a reversible 
reaction, a catalyst alters the rate at which equilibrium is 
attained; it does not alter the position of equilibrium.

Autocatalytic reaction – one of the products is able to 
catalyze the reaction.

Homogeneous catalyst – in the same phase as the 
components of the reaction that it is catalyzing.

Homogeneous catalyst – in a different phase from the 
components of the reaction for which it is catalyzing.
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Arrhenius equation:
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A catalyzed reaction pathway is usually represented by a catalytic cycle.
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Choosing a catalyst one considers:

•Concentration of catalyst required
•Catalytic turnover
•selectivity of the catalyst to the desired product
•how often the catalyst needs renewing

Catalytic turnover number (TON) is the number of moles of 
product per mole of catalyst.  Indicates the number of catalytic
cycles for a given process, (e.g. after 1h the TON was 2500). 
Typically applied to batch processes.

Catalytic turnover frequency (TOF) is the catalytic turnover per 
unit time.  Indicates the number of moles of product per mole of
catalyst per unit time, (e.g. TOF 20 min-1). Typically applied to 
continuous processes (flow reactors).

Selectivity: 

the n:i ratio of aldehydes (regioselectivity of the reaction)

aldehyde:alcohol ratio for a given chain (chemoselectivity of the 
reaction)
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Alkene (olefin) metathesisAlkene (olefin) metathesis

Chauvin mechanismChauvin mechanism
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Grubbs’ catalystsGrubbs’ catalysts

Homogeneous catalytic reduction of N2 to NH3Homogeneous catalytic reduction of N2 to NH3
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Wilkinson’s catalystWilkinson’s catalyst
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r.d.s.

Asymmetric synthesisAsymmetric synthesis
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Monsanto synthesisMonsanto synthesis
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Tennessee-Eastman 
acetic anhydride

Tennessee-Eastman 
acetic anhydride

r.d.s.

Competitive 
Catalytic cycle
Competitive 

Catalytic cycle
branched

linear



10



11

SHOPSHOP

Homogeneous catalysts: cationic clustersHomogeneous catalysts: cationic clusters
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Heterogeneous catalystsHeterogeneous catalysts

Physisorption – involves weak van der Waals interactions between the 
surface and the adsorbate.
Chemisorption – involves the formation of chemical bonds between 
surface atoms and the adsorbed species.
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Ziegler-Natta catalystZiegler-Natta catalyst
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Fischer-Tropsch carbon chain growthFischer-Tropsch carbon chain growth

CO + H2

Hydrocarbons (linear + branched alkanes and alkenes)
Oxygenates (linear alcohols, aldeydes, esters and ketones)
CO2

Fe

Co
Hydrocarbons (linear + alkanes and alkenes)
H2O

Fischer-Tropsch carbon chain growthFischer-Tropsch carbon chain growth
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Haber ProcessHaber Process

Catalytic ConvertersCatalytic Converters
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ZeolitesZeolites

Organometallic cluster modelsOrganometallic cluster models


