
 

 
 

RATE OF REACTION                 13 MAY 2014 

 
Lesson Description 

In this lesson we: 

● Discuss how to measure the rate of reaction 
● Discuss factors that affect the rate of reaction 
● Discuss the Maxwell-Boltzmann curve 

 

 
Summary 

The measure of how fast a chemical change happens in a chemical reaction is known as the rate of 
reaction. This can be measured by either the change in the amount of reactants or the amount of 
products per unit time.  

                 
            

  
                  

           

  
 

The rate of a reaction can be measured by measuring the change in the following over a period of 
time: 

 Colour 

 Volume or mass 

 Temperature 

 Turbidity (cloudiness of the solution) 

Collision Theory 

In order for a chemical reaction to take place the following needs to happen: 

 The particles must collide 

 The collisions must be effective.  This means that the particles must collide with sufficient 
energy and with the correct orientation.  

Factors that influence the rate of reaction 

 Nature of reactants:  Some substances are more reactive than others and thus will have 
greater rates of reaction. 

 Concentration of reactants:  The greater the concentration the greater the rate of reaction, as 
there are more particles available for reaction.  If there are more particles available then there 
will be a greater number of effective collisions.  

 Reaction surface area (state of division):  The greater the surface area the greater the rate of 
reaction, as there are more particles available for bonding.  

 Temperature:  The higher the temperature the greater the rate of reaction.  The particles have 
more kinetic energy and thus more particles will have sufficient energy for bonding and a 
greater number of effective collisions will take place.  

 Catalyst:  A catalyst lowers the activation energy of the reaction and thus the reaction will take 
place quicker.  

The activation energy of a reaction is the minimum energy needed for the reaction to take place.  

  



 

 
 

Maxwell-Boltzmann Curve 

 

Ea shows the energy the activation energy required for the chemical reaction.  All the particles to the 
right of this have sufficient energy for the reaction to take place.  

Graph 2 shows the curve for a reaction taking place at a higher temperature.  Thus there are more 
particles which have sufficient energy.  

When a catalyst is added the Ea moves the left on the graph as the activation energy is lowered.  

 
Test Yourself 

Select the most correct answer from the options given. Write down only the correct letter 

Question 1 

Which one of the following statements about the rate of reactions is incorrect? 

A. Meat decays quicker in a warm environment than in a fridge 

B. Most industrial processes are cheaper to run when a catalyst is used 

C. Zinc reacts faster with excess dilute hydrochloric acid than with concentrated hydrochloric 
acid that is not in excess 

D. Potatoes cook faster when sliced than when cooked whole.  

Question 2 

N2O4(g) is placed in an evacuated, sealed container. 

The following reaction takes place in the container at constant temperature: 

                

The concentration of the product is measured over time.  

Which one of the following graphs correctly illustrates the relationship between the nitrogen dioxide 
(NO2) concentration and time? 



 

 
 

 

Question 3 

The Maxwell-Boltzmann energy distribution curves below show the number of particles as a function 
of their kinetic energy for a reaction at four different temperatures.  The minimum kinetic energy 
needed for effective collisions to take place is represented by E.  

 

Which one of these curves represents the highest rate? 

A. A 

B. B 

C. C 

D. D 

Question 4 

Consider the chemical reaction represented by the equation below 

                                            

Which one of the following changes will increase the rate of production of CO2(g)? 

A. Increase in pressure 

B. Increase in mass of CaCO3 

C. Increase in volume of HCl(aq) 

D. Increase in concentration of HCl(aq) 

  



 

 
 

Question 5 

Activation energy can best be described as the minimum energy required to… 

A. cause effective collisions 

B. make reactant molecules collide 

C. increase the kinetic energy of reactant molecules 

D. change the orientation of reactant molecules 

 
Improve your skills 

Question 1 

(Taken from Exemplar 2008) 

A catalyst speeds up the rate of a reaction.  This behaviour of a catalyst can be explain in terms of the 
activation energy and the collision theory.  

1.1. The diagram below shows the Maxwell-Boltzmann distribution curve for a certain reaction.  

 

1.1.1. Explain in terms of the collision theory and activation energy, how a catalyst influences the 
rate of reaction.  

1.1.2. Redraw the above distribution curve and show the new activation energy when a catalyst is 
added to the reaction mixture on the diagram. 

1.2. When milk is left at room temperature, it spoils rapidly.  However, in a refrigerator, it stays fresh 
for a longer time. Use the collision theory to explain this observation.  

Question 2  

(Taken from DoE November 2009) 

The active ingredient in a certain antacid table is the carbonate ion (   
      ).  This ion reacts with 

the hydrochloric acid in your stomach according to the following reaction: 

   
                                         

The formation of CO2 gas is an indication that some of the acid has been neutralised and this brings 
relief from indigestion.  

A group of learners use two of these antacid tablets to investigate one of the factors that influence 
the reaction rate.  They follow the method and use the apparatus given below, to conduct the 
investigation.  

  



 

 
 

Method: 

1. Place one antacid tablet in a conical flask and add 20 cm
3
 HCl (aq) 

2. Simultaneously start the stopwatch and close the flask with the rubber stopper that is at the 
end of the delivery tube attached to the gas syringe.  

3. Measure the volume of the CO2 gas formed in intervals of 30 seconds.  

4. Repeat 1 to 3 above, the grind the second antacid tablet to a fine powder prior to the reaction.  

Apparatus 

 

2.1. Define the term reaction rate 

2.2. Write down an investigative question for this investigation 

2.3. State three variables that must be controlled during this investigation.  

2.4. Apart from the apparatus illustrated above, the learners need at least two other pieces of 
apparatus to conduct the investigation.  

Write down the names of the two pieces of apparatus, as well as the purpose of each. 

2.5. The learners measure the volume of CO2 gas formed at 30 second intervals in step 3 of the 
method.  Write down the name of the apparatus that they used for measuring the volume of the 
CO2 

2.6. Consider the sketch graph below for the reaction of hydrochloric acid with the solid antacid tablet.  

 

Redraw the above sketch graph.  On the same set of axes, sketch the curve Q that was obtained 
for the reaction of the powdered antacid tablet with hydrochloric acid.  

2.7. The instruction on an antacid packet recommends that antacid tablets must be chewed for faster 
relief.  Explain how chewing the tablets bring about faster relief.  

  



 

 
 

Question 3 

(Taken from November Exam 2011) 

Learners use copper (II) oxide powder to decompose hydrogen peroxide.  They add 1 g copper (II) 
oxide to 100 cm

3
 hydrogen peroxide in a flask connected to a delivery tube.  The reaction that takes 

place is represented by the following balanced equation: 

         
             
                       

3.1. Write down the name of one item of apparatus that can be used to measure the volume of the 
gas produced.  

The volume of oxygen gas produced is measured every 10 seconds.  The results obtained are 
shown in the graph below.  

 

3.2. Use the graph to determine the volume of oxygen gas collected in the container at 15 seconds. 

3.3. How does the rate of the reaction change between t = 40 s and t = 70 s?  Write down only 
increases, decreases or remains the same.  Refer to the graph to explain the answer.  

3.4. What is the function of the copper (II) oxide in this reaction? 

3.5. Apart from oxygen, write down the names or formulae of two substances present in the flask 
after 90 seconds.  

3.6. The learners found that oxygen is produced at a slower rate when 1 g of a solid lump of copper 
(II) oxide is used.  Fully explain this observation 


