
Definition of catalyst
• The decomposition of Hydrogen peroxide is facilitated by iodide ions. The reaction is:

• 2H₂O₂(aq) →  2H₂O(l) + O₂(g)

• By experiment rate law is found to be rate= k[ H₂O₂][ I- ] 

• Thus the reaction is first order with respect to both H₂O₂ and I-

• Step 1:   H₂O₂ + I- →    H₂O + IO- (rate determining step)

• Step 2: H₂O₂ + IO- → H₂O + O₂ + I-

• IO- is an intermediate as it does not appear in the overall balanced equation, The 
function of I- is to speed up the reaction and behaves as a catalyst.

• A catalyst is a substance that generally increases the rate of a reaction by lowering the 
activation energy. It does so by providing an alternative reaction pathway. The catalyst 

may react to form an intermediate with the reactant, but is regenerated in a 

subsequent step and is not consumed in the reaction.
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Commercially important reactions that employ Heterogenous catalysts

Commercial Process Catalyst       Initial Reaction Final 

Product 

• contact process V₂O₅ or Pt 2SO₂ + O₂ → 2SO₃ H₂SO₄

• Haber process Fe, K₂O, Al₂O₃ N ₂ + 3H₂ → 2NH₃ NH₃ 

• Ostwald process Pt and Rh 4NH₃ + 5O₂ → 4NO+6H₂O HNO₃ 

• water–gas shift reaction Fe, Cr₂O₃,orCu CO + H₂O → CO₂ + H₂ 
H₂ for NH₃, CH₃OH, and other fuels 

• steam reforming Ni CH₄ + H₂O → CO + 3H₂ H₂ 

• methanol synthesis ZnO and Cr₂O₃ CO + 2H₂ → CH₃OH  CH₃OH



Hydrogenation of Ethylene on Heterogenous catalyst



Synthesis of Ammonia by Haber Process



Commercially important reactions that employ Homogeneous 
catalysts

Commercial Process Catalyst Reactants Final Product 

• Union Carbide [Rh(CO)₂I₂]− CO + CH₃OH CH₃CO₂H 

• hydroperoxide process Mo(VI) complexes CH₃CH=CH₂ + R–O–O–H  PO+ ROH

• hydroformylation Rh/PR₃ complexes RCH=CH₂ + CO + H ₂ RCH₂CH₂CHO 

• adiponitrile process Ni/PR₃ complexes 2HCN + CH₂=CH-CH=CH₂
NCCH₂CH₂CH₂CH ₂CN used to synthesize nylon 

• olefin polymerization (RC₅H₅)₂ ZrCl₂ CH₂=CH₂ –(CH₂CH₂ -)n: high-
density polyethylene 



Homogeneous Catalysis
• In homogeneous catalysis the reactants and catalyst are dispersed in a single 

phase, usually liquid. Acid-base catalysis are the most important types of 
homogeneous catalysis in liquid solution. The reaction of ethyl acetate with 
water to form acetic acid and ethanol normally occurs too slowly to be 
measured.

• CH₃-COO-C₂H₅ + H₂O  →   CH₃-COOH + C₂H₅OH

• In absence of a catalyst, rate law is given by: rate=k[CH₃COOC₂H₅] 

• However the reaction rate is catalysed by an acid. In the presence of 
hydrochloric acid, the rate is faster and rate law is given as:

• rate =kc[CH₃COOC₂H₅] [H+] and Kc >  K

• Homogeneous catalysis can also take place in the gaseous phase. A well known 
example is the lead chamber process of manufacturing sulphuric acid.

S(s)  + O₂ (g)  →    SO₂(g)  ...(i) 2SO₂(g) + O₂(g) → 2SO₃(g) …(ii)

H₂O (l) + SO₃(g) → H₂SO₄ (aq) …(3)

In reality sulphur dioxide is not directly converted to sulphur trioxide but the 
oxidation is carried out efficiently in presence of the catalyst nitrogen dioxide.

2SO₂(g) + 2NO₂(g) → 2SO₃(g) + 2NO(g),  

2NO(g) +  O₂(g) → 2NO₂ (g)

______________________________________

2SO₂(g) + O₂(g) → 2SO₃(g)



Transition metal compounds as homogeneous catalysts

• Transition metal compounds are soluble in various organic solvents and 
therefore can catalyze reactions in the same phase as the dissolved 
reactants. Many of the processes they catalyze are organic. For example a 
red-violet compound of rhodium, [(C₆H₅)₃P]₃RhCl, catalyzes the conversion 
of carbon-carbon double bond to a carbon-carbon single bond

• -CH=CH- + H₂    Rh(I) cat ---> CH₃-CH₃  



Catalytic converter



Catalytic Hydrogenation of an alkene

Syn-addition of H₂ to C=C bond
In syn- addition, both adding atoms enter 
from the same side of C=C plane, while in 
anti addition from opposite sides 



















Ziegler Natta Catalyst
















