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Chapter-7 Rate of chemical reactions 
 
Key points to note: 
- Collision theory, Maxwell-Boltzmann distribution curves 
- Factors that affect the rate of a reaction 
- The role of catalysts 

 
Factors that affect rate of a reaction: 
 
Rate of a reaction refers to how quickly a reaction can occur. It can also be defined as the 
change in concentration of a reactant being consumed or change in concentration of product 
formed per unit time. 
 
Surface area of solid reactants: Higher the surface area, the faster a reaction can occur.  
Smaller particles have larger surface area, therefore, the reactions where reactants are 
smaller in size will occur at a faster rate. 
 
Concentration: 
Higher concentration leads to a higher rate of reaction. This is because higher concentration 
means a greater number of particles, therefore, there is a higher chance of successful 
collisions between reactants. Thus, the rate of reaction increases with increasing 
concentration. 
 
Pressure: 
In the case of gases, increasing the pressure causes different particles to come closer which 
also increases the chances of successful collisions, thus, increasing the rate of a reaction.  
 
Temperature: 
Increasing temperature increases the rate of a reaction in the following two ways: 
- By increasing the kinetic energy of particles, therefore, particles move faster, higher rate 

of collisions, hence, higher rate of reaction. 
- By increasing the kinetic energy of particles, more particles have more energy than the 

activation energy. 
This will be discussed in more detail below. 
 
Catalysts: Catalysts increase the rate of a reaction by lowering activation energy of a reaction 
by providing the reaction with a different pathway. 
 
Measuring rates of reaction experimentally: 
To measure the rate of a reaction, the amount of reactant that gets consumed in the reaction 
needs to be known or the amount of product that is formed needs to be measured. 
 
At times, colour changes and pH changes in a reaction can also be used for determining the 
rate of a reaction. 
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Collision theory: 
This is the theory that is used explains how some collisions between reactants are successful 
and result in a reaction whereas some collisions are unsuccessful. 
 
For a reaction to occur, the particles must: 
- Collide with one another 
- Collide with enough amount of energy to break bonds within the reactants 
- Collide with the correct orientation so that bonds within the reactants can be broken 

down and new bonds can be formed for the products. 
 
Collision theory and activation energy: 
The particles need to have a minimum amount of energy for a successful collision to occur 
which is also known as activation energy. If collision between particles with energy lower 
than activation energy occurs, the particles would rebound without any reaction occurring. 
 
Activation energy is also shown on energy profile diagram for both endothermic and 
exothermic reaction as shown below as EA: 

 
@ https://www.khanacademy.org/science/high-school-biology/hs-energy-and-transport/hs-enzymes/a/activation-energy 

 
Transition state:  
When the particles have energy that is either equal to activation energy, new arrangement of 
atoms occurs known as transition state. 
 

 
@ https://www.reddit.com/r/askscience/comments/43ug5i/why_do_enzymes_have_such_a_higher_affinity_for/ 

 

Note that ∆G is the same as 
∆H. 
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Activation energy and reaction rate: 
The magnitude of activation energy indicates how much energy is required to make a reaction 
proceed. Therefore, it also explains how easy it is for a reaction to proceed, hence, activation 
energy of a reaction affects the rate at which a reaction occurs.  
 
Orientation of colliding molecules: 
For a reaction to occur, reactants need to collide with enough energy and with correct 
orientation. The orientation needs to be in such a way that existing bonds between reactants 
can be broken down and new bonds can be formed. 
 
The image below illustrates an example of how important the orientation of reactants is for 
a reaction to occur: 

 
 
@https://2012books.lardbucket.org/books/principles-of-general-chemistry-v1.0/s18-07-the-collision-model-of-
chemica.html 

 
 
Effect of temperature on reactions:  
 
Rate of a reaction can be increased by increasing the number of successful collisions between 
particles. Successful collisions can be increased by: 
- Increasing the number of collisions 
- Increasing the number of collisions that have higher energy than activation energy. 

 
Increasing frequency of collisions: 
 
The frequency of collisions can be increased to increase the rate of a reaction by: 
- Increasing the concentration or pressure of the reactants as this increases number of 

collisions, therefore, there is higher chance of successful collisions between reactants. 
Concentration can be increased by adding more reactant and pressure can be increased 
by decreasing volume of the container. 

- Increasing surface area of a reactant exposes more particles, which increases the 
frequency of collisions between these particles and other particles, hence, increasing rate 
of a reaction. 
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Increasing energy of collisions: 
Increasing temperature increases the frequency of collisions as well as kinetic energy of the 
reactants.  
 
Maxwell-Boltzmann distribution: 
 
Maxwell-Boltzmann distribution is a graph that shows the range of energies of the particles, 
which is known as kinetic energy distribution diagram.  
 
As shown in the Maxwell-Boltzmann curve below, increasing temperature increases the 
kinetic energy of particles which further increases the number of particles that have higher 
energy than activation energy. 
 

 
@ https://opentextbc.ca/introductorychemistry/temperature-and-kinetic-energy-distribution/ 

 
An increase in temperature increases the kinetic energy of particles which also increases the 
speed of particles, therefore, particles start to move faster which also increases frequency of 
collisions, and there is higher chance of successful collisions. 
 
However, the main reason that increasing temperature increases the rate of a reaction is 
because an increase in temperature increases the kinetic energy which leads more particles 
to have energy equal to or higher than activation energy, which increases frequency of 
successful collisions. 
 
The following graph shows the kinetic energy distribution at different temperature values 
(which is: as temperature increases, the kinetic energy of particles increases) : 
 
v on the x-axis represents the speed of particles which is dependent on kinetic energy. 
 
n on the y-axis represents the number of particles. 
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@ https://courses.lumenlearning.com/boundless-chemistry/chapter/kinetic-molecular-theory/ 
 

 
Catalysts: 
Catalysts lower the activation energy of a reaction by providing a new (or alternative) reaction 
pathway (Energy profile diagram shown below). With the presence of a catalyst, more 
particles have energy higher than activation energy, therefore, bonds within the reactants 
can be broken easily. Hence, more successful collisions can occur and the rate of a reaction 
increases. 
 

 
@ https://www.chemicool.com/definition/catalyst.html 
 

 
The Maxwell-Boltzmann distribution curve below illustrates catalyst impacts on rate of 
reaction: 
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@ https://www.chemguide.co.uk/physical/basicrates/catalyst.html 

 
Types of catalysts:  
There are two types of catalysts: 
 
Heterogeneous catalysts: The catalysts that are in different state from the reactants or 
products. 
 
Homogenous catalysts: The catalysts that are in same state as the reactants and products. 
 
Catalysts in industry: 
It is aimed to use catalysts that are: 
- Reusable 
- Easily separable from products 
- Can be used at high temperatures. 
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Practice questions: 
 

1. Select the most appropriate response from the options given to increase the rate of a 
reaction for each of the following: 
a. Add/remove a catalyst 
b. Increase/decrease surface area of solid reactants 
c. Increase/decrease the pressure of gaseous reactants 
d. Increase/decrease the concentration of a reactant 
e. Increase/decrease the temperature of a reaction mixture 

 
2. Define the following: 

a. Activation energy, EA 
 
 

b. Catalyst 
 
 
 

3. Which of the following are the units for measuring rate of a reaction? 
a. mol-1L-1s-1 
b. mol L-1s-1 
c. mol-1 L-1s 
d. mol L s-1 
 

4. Explain using collision theory, what needs to happen for a reaction to take place. 
 
 
 

5. Which of the following changes to a reaction will decrease its rate? 
a. An increase in the concentration of a reactant 
b. Use of powdered reactant instead of large lumps of the solid reactant 
c. Decrease in temperature 
d. Addition of a catalyst 

 
6. Explain the reason for following observation: 

Hydrogen undergoes combustion with air to produce water vapours. However, the 
rate of this reaction would higher if hydrogen reacts with pure oxygen. 
 
 
 
 

7. Hydrogen reacts with oxygen to form water. 
a. What chemical bonds are broken in the reaction? 

 
 

b. What chemical bonds are formed? 
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c. Why is there no reaction until the reaction mixture is ignited? 
 
 
d. Explain the energy changes that occur as the reaction progresses (bond-forming 

and bond-breaking). 
 
 
 

8.  
a. List the five factors that can affect the rate of a reaction. 

 
 
 
 
 
 

b. Classify these factors on the basis of whether they increase the rate of a reaction 
by: 

i. Increasing collision frequency  
ii. Increasing the number of collisions with energy equal to or more than activation energy 
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Worked solutions: 

1.  
a. Add a catalyst 
b. Increase surface area of solid reactants 
c. Increase the pressure of gaseous reactants 
d. Increase the concentration of a reactant 
e. Increase the temperature of a reaction mixture 

 
2.  

a. Activation energy, EA: The minimum amount of energy for a successful collision 
to occur between particles is known as activation energy. 

 
b. Catalyst: A substance that increases the rate of a reaction but itself does not 

undergo any permanent change. 
 

3. The answer is option b: mol L-1s-1 because the rate of a reaction is defined as 
change in concentration of a reactant or a product which has SI units of mol L-1 per 
unit time which has SI units of seconds. Therefore, the units become mol L-1s-1. 

 
4. For a reaction to occur, the particles must: 
o Collide with one another 
o Collide with enough amount of energy to break bonds within the reactants 
o Collide with the correct orientation so that bonds within the reactants can be 

broken down and new bonds can be formed for the products. 
 

5. The answer is option c: decrease in temperature. All the other options will result 
in an increase in the rate of a reaction. 
 

6. Use of pure oxygen gas instead of air increases the concentration of oxygen. This 
results in a higher frequency of collisions between hydrogen and oxygen 
molecules, therefore, increasing the chance of successful collisions and thus, an 
increase in reaction rate occurs. 

 
7.  

a. The double O=O bond in the oxygen atoms and the single H–H bond in the 
hydrogen molecules are broken. 

b. Two H–O bonds are formed for every water molecule. 
c. No reaction because enough energy is required to overcome the activation 

energy of the reaction. 
d. The energy change is the difference between the amount of energy that is 

absorbed to break the bonds in the H2 and O2 reactants, and the amount of 
energy that is released when the bonds in the H2O product are made. 
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8.  
a. Surface area of reactant (in solid state) 

Concentration of reactants  
Pressure for gaseous reactants 
Temperature 
Catalyst 

 
b.  

i. Increasing collision frequency: 
Surface area of reactant (in solid state) 
Concentration of reactants  
Pressure for gaseous reactants 
Temperature 
 

ii. Increasing the number of collisions with energy equal to or more than 
activation energy: 
Temperature 
Catalyst 
 

 


