
Rates of Reaction



Rate of reaction – the change in concentration per unit time of any one 
reactant or product.

Instantaneous rate of reaction – the rate of reaction at a particular time 
during the reaction

Rate of reaction = change in concentration (mol/L)
time (s)



Factors effecting the rate of reaction
1. Nature of reactants – whether bonds need to be broken for the reaction 

to occur.

2. Particle size – smaller particles react faster than larger.

3. Concentration – higher the concentration the faster the reaction.

4. Temperature – the higher temperature the faster the reaction.

5. Catalysts – of a catalyst is present the reaction with be faster.



1. Nature of the reactants
Reactions that involve two oppositely charged ions coming (no bonds 
being broken) together are fast at room temperature.

Reactions that require bonds to be broken are slow at room 
temperature.

Ionic bonds react quickly in solution as bonds are already broken.

Covalent bonds react slowly as bonds need to be broken.



2. Particle size

Reactions involving small particles are faster as there is a greater 
surface area of the reactant available for the reaction.

Imagine boiling potatoes; if they are cut in half they cook faster.



3. Concentration

The higher the concentration the faster the reaction. 

This was found by experiment:

Mg + 2HCl  H2 + MgCl2

The higher the concentration the faster the hydrogen gas was 
produced. 



4. Temperature

The higher the temperature the faster the reaction.

This is because more collisions occur at higher temperatures so more 
effective collisions take place.

Exp: Reaction of sodium thiosulfate and dilute hydrochloric acid over a 
cross. 



5. Catalysts

Catalyst – a substance that alters the rate of a chemical reaction 
without being consumed in the reaction.

Catalysts allow equilibrium to be achieved more quickly but does not 
affect the position of equilibrium.

Enzyme – a substance produced by a living cell and acts as a biological 
catalyst. 



Homogenous catalysis – both reactants and catalysts are in the same 
phase; there is no boundary between them.

Heterogeneous catalysis – reactants and catalyst are in different 
phases.

Autocatalysis – one of the products of the reaction acts as a catalyst for 
the reaction. 



How do catalysts speed up the rate of reaction?

1. Lower the activation energy for the reaction

2. Reactants are absorbed onto the surface

What compounds can be used to poison the catalysts in a catalytic converter?

Lead compounds / Sulphur compounds

Explain why there is a near instantaneous reaction between aqueous solutions of 
sodium chloride and silver nitrate.

Ionic compounds; the bonds are already broken, the ions are free in solution



Mechanisms for Catalysis 
1. Intermediate formation Theory

Arrhenius suggested that an intermediate compound is formed during the 
reaction. 

W + X Y + Z

W(reactant) + C(catalyst) [WC] (intermediate)

[WC] + X Y + Z + C

Overall reaction: W + X Y + Z

The 
intermediate 
compound is 
formed 
between a 
reactant and 
the catalyst

The intermediate 
compound reacts 
with the other 
reactant(s) 



Intermediate Formation Theory example

I-

2H2O2 2H2O + O2

H2O2 + I- H2O + IO-
[intermediate]

H2O2 + IO- H2O + O2 + I-

I-

2H2O2 2H2O + O2

The 
intermediate 
compound is 
formed 
between a 
reactant and 
the catalyst

The intermediate 
compound reacts 
with the other 
reactant(s) 



Evidence for the Intermediate Formation 
Theory
Oxidation of potassium sodium tartrate 

- solution is pink at the beginning and end of the reaction.

- Green colour present during the reaction due to the formation of the 
intermediate compound. 



2. Surface Adsorption Theory

Adsorption – accumulation of substance at the surface of another 
substance.

1) Adsorption stage – reactants form temporary bonds with the 
surface of the catalyst.

2) Reaction on surface – high concentration of reactants at the surface 
of the catalyst, collisions are more likely.

3) Desorption stage – products leave the surface of the catalyst.



Catalytic Converter

Catalytic converter – is a device used in the exhaust system of a motor vehicle 
which contains catalysts to convert pollutants in the exhaust gases to less harmful 
substances.   

Platinum, palladium, rhodium are the metals used in catalytic converters.

2CO + 2NO   Pt/Pd/Rh 2CO2 + N2

Catalytic poison – is a substance that makes the catalyst inactive (lead or sulphur 
compounds)



Collision Theory and Activation Energy
Basic Assumptions of the Theory

i) For a reaction to occur, the reacting particles must collide with one another.

ii) A collision only forms a product if a minimum energy is exceeded by the 
collision.

An effective collision – is one that results in the formation of products. 

Activation energy – the minimum energy that colliding particles must have in order 
to for the reaction to occur.



Reaction Profile Diagram
Reaction Profile Diagram – is a graph which shows the change in energy 
of a chemical reaction with time as the reaction progresses. 
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Reaction Profile Diagram - Catalysts
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