
 

 

RATES OF REACTION       05 MAY 2015 

Section A: Summary Notes  

Energy Changes during Chemical Reactions 

 Most reactions do not begin until an amount of energy (activation energy) has been added to the 
reaction mixture. 

 The activation energy is often called the ‘energy hill’ which must be ‘overcome’ by the addition 
of this amount of energy before a reaction can take place. 

 When activation energy is added to the reactants, a so-called activated complex is formed. 

 The activated complex is temporary, unstable, high-energy composition of atoms, which 
represents a transition state between reactants and the products. 

 When the activated complex is formed during a reaction, this complex can lead either to the 
formation of new bonds, i.e molecules of the products, or to re-formation of the old bonds, 
thereby returning to being reactants. 

 For the reaction: 

AB    +  C  A + BC 

The formation of an activated complex as a transitional step can be represented as follows:  

AB +  C  [ABC]  A + BC 

 When an activated complex is formed during a reaction, this complex can lead either to the 
formation of new bonds, i.e. molecules of the products or to the re-formation of the old bonds, 
thereby returning to being the reactants. This is reversibility for the reaction.   

Heat of Reaction (Enthalpy) 

 Heat of the reaction (∆H) is the difference between the energy of the products and the energy 
of the reactants.  

∆H = Eproducts - Ereactants 

 For an endothermic reaction, Eproducts>Ereactants, therefore ∆H is positive. 

 

Note: In a reversible reaction, the energy released in forming the products in the forward 
reaction is the same as the activation energy (EA) of the reverse reaction.     

 For an exothermic reaction, Eproducts<Ereactants, ∆H is negative. 



 

 

 

The Mechanism of a Catalyst  

A catalyst mechanism: the function of a catalyst is to provide an alternate route for the reaction to take 
place. This route has a lower activation energy, and the rate of the reaction increases. A catalyst 
forms part of the activated complex and when this decomposes the catalyst is released, unchanged.  

 

 The function of a catalyst is to provide an alternate route for the reaction to take place. This 
route has a lower activation energy, and the rate of the reaction increases.  

 A catalyst forms part of the activated complex and when this decomposes the catalyst is 
released, unchanged. 

 Two kinds of catalysis:  

o Homogenous – catalyst is the same phase as the reactants. 

o Heterogeneous – catalyst in different phase as the reactants.  

 Catalysts cannot cause a reaction to occur; they can only affect the rate of the reaction.  

Rates of Reactions 

Rates – Speed of a Reaction 

When we study the rate of the reaction, we study the speed at which the reaction occurs. 

Collision Theory 

A THEORY is our best explanation of what we observe right now. FACTS have been seen and are 
what science has proved to be correct. 

We need to understand how atoms behave. If we had magic spectacles (glasses) and were able to 
see atoms moving around, we would notice the following: 



 

 

 Reactions take place when particles collide. 

 Not all collisions lead to reactions. 

 Those collisions that do lead to reactions are called effective collisions. 

 To increase the rate of a reaction, the number of possible effective collisions should be 
increased. 

In other words, the more often we can make atoms collide, the faster the reaction will take place.  

Factors that influence rate 

 Temperature – The faster the particles move, the more likely they are to collide, so the more 
likely they are to react. 

 Pressure (only in gases) – The more you push the particles together, the more likely they are 
to collide, so the more likely they are to react. 

 Concentration(solutions and gases) – the more particles squashed in per dm
3
, the more 

likely they are to collide, so the more likely they are to react. 

 State of division and size of reaction surface (solids) – the more particles open to be reacted 
with, the more likely they are to collide, so the more likely they are to react. 

 Catalyst – the activation energy is lowered for the reaction, making it easier for substances to 
react, so they react faster. 

 Nature of reacting substances – different types of substances, by their very nature, react at 
different speeds. For example, iron oxidises (rusts) relatively slowly whilecarbon (coal) 
oxidises (burns) fairly fast 

Measuring reaction rate 

If we do an experiment to establish the speed (rate) of a reaction under different conditions, we can 
measure how fast the reaction is proceeding in a number of different ways: 

 Measure how reactants disappear or products appear 

 colour changes (colour cards or spectrophotometers) 

 concentration of ions (conductivity) 

 gas volume produced 

 mass changes 

 volume of solid formed 

Multiple Choice Questions 

Question 1 

Which ONE of the following statements about the rate of reaction 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 

The graph below represents the relationship between potential energy and course of reaction for a 
certain chemical reaction 

 



 

 

The activation energy for the forward reaction is… 

A. 1 kJ 
B. 2 kJ 
C. 3 kJ 
D. 4 kJ 

Question 3 

A certain chemical reaction is represented by the potential energy diagram below.  

 

Which ONE of the following quantities will change when a catalyst is added? 

A. E2 
B. E1 
C. Ea 

D. H 

Question 4 

Which ONE of the following statements is CORRECT for ALL exothermic reactions? 

A. A catalyst is needed for the reaction to take place 
B. Heat is absorbed during the reaction 
C. The products have less energy than the reactants 
D. The products have more energy than the reactants 

Question 5 

The graph shows how the total volume of hydrogen gas produced by the reaction between 
hydrochloric acid and an EXCESS of magnesium varied with time.  

 

Which ONE of the statements about the SECTION MN of the curve is CORRECT? 

A. No more hydrogen gas is being produced 
B. All the magnesium has reacted 
C. The concentration of the acid is decreasing 
D. The speed of the reaction is at a maximum 



 

 

Question 6 

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

A. cause effect collisions 
B. make reactant molecules collide 
C. increase the kinetic energy of the reactant molecules 
D. change the orientation of the reactant molecules 

Question 7 

The sketch below represents the changes in potential energy occurring for the reaction:  X + Y  ⇌ Z 

 

The magnitude of the heat of the reverse reaction is represented by the interval: 

A. P 
B. Q 
C. R 
D. X + Y 

Question 8 

Consider the following reaction taking place in an open vessel at a certain temperature: 

2H2O2(aq)   2H2O(l) + O2(g)     H < 0 

The initial reaction rate of the above reaction may be DECREASED by… 

A. cooling the system 
B. adding MnO2 as a catalyst 
C. adding O2 gas to the system 
D. increasing the pressure of the system 

Question 9 

The rate of a chemical reaction can be expressed in… 

A. grams per mole 
B. energy consumed per mole 
C. volume of gas formed per unit time 
D. moles of product formed per litre of solution 

Question 10 

In a chemical reaction, the difference between the potential energy of the products and the potential 
energy of the reactants is equal to the… 

A. enthalpy of the reaction 
B. rate of the reaction 
C. enthalpy change of the reaction 
D. total potential energy of the particles 

 

  



 

 

Section B: Practice Questions
 

Question 1 (Taken from Gauteng Preparatory Exam 2012) 

A student uses the apparatus shown below to investigate the rate of the reaction between iron and 
sulphuric acid.  The balance equation for the reaction is: 

𝐹𝑒 𝑠 +  𝐻2𝑆𝑂4 𝑎𝑞 ⟶ 𝐹𝑒𝑆𝑂4 𝑎𝑞 + 𝐻2(𝑔) 

 

 

1.1. Describe how this apparatus can be used to investigate the rate of this reaction.  (3) 
1.2. Define the term reaction rate in terms of THIS investigation.    (2) 

The student repeats the experiment with different concentrations of sulphuric acid.  All other variable 
are kept constant.  

The results obtained are shown in the table below. 

Concentration of sulphuric acid 
(mol.dm

-3
) 

Rate of reaction (cm
3
.s

-1
) 

0,4 4,2 

0,8 8,5 

1,6 17,0 

1.3. State THREE variables that must be controlled during this investigation.    (3) 
1.4. Write down an INVESTIGATIVE QUESTION for this investigation.   (2) 

1.5. Write down a conclusion that can be drawn from the results obtained.    (2) 

1.6. How will the rate of reaction change is lumps of iron are used instead of iron powder?  Only 
write down INCREASES, DECREASES or REMAINS THE SAME.   (1) 

1.7. How will the rate of the reaction change if it is carried out at 20
o
C rather than at 30

o
C? Only 

write down INCREASES, DECREASES or REMAINS THE SAME.   (1) 

[14] 

  



 

 

Question 2 (Taken from Gauteng Preparatory Exam 2012) 

The graph below represents the energy changes occurring during the following reaction: 

𝐶𝑂 𝑔 + 𝑁𝑂2 𝑔 ⟶  𝐶𝑂2 𝑔 + 𝑁𝑂(𝑔) 

 

2.1. Calculate ΔH for the forward reaction.        (1) 
2.2. Calculate the activation energy for the reverse reaction.      (1) 
2.3. Use the collision theory and explain why the rate of the reaction increases with an increase in 

temperature.          (2) 
2.4. What would the effect of a catalyst be on the 

i) activation energy?        (1) 
ii) ΔH?          (1) 

[6] 

Question 3 (Taken from Feb – March 2012) 

A group of learners use the reaction between zinc and sulphuric acid to investigate one of the factors 
that affects reaction rate.  The equation below represents the reaction that takes place.  

𝑍𝑛 𝑠 +  𝐻2𝑆𝑂4 𝑎𝑞 ⟶ 𝑍𝑛𝑆𝑂4 𝑎𝑞 +  𝐻2(𝑔) 

They add 6,5 g of zinc granules to excess DILUTE sulphuric acid and measure the mass of zinc use 
per unit time.  

The learners then repeat the experiment using excess CONCENTRATED sulphuric acid.  

3.1. Define the term reaction rate        (2) 
3.2. Give a reason why the acid must be in excess.       (1) 
3.3. Write down a hypothesis for this investigation.       (2) 
3.4. Give a reason why the learners must use the same amount of ZINC GRANULES in both 

experiments.           (1) 

The results obtained for the reaction using DILUTE sulphuric acid are represented in the graph below 



 

 

 

3.5. Using the graph, calculate the mass of zinc used from t = 0 s to t = 60 s   (4) 
3.6. Calculate the average rate of the reaction (in gram per second) during the first 60 s. (2) 

3.7. Copy the above graph into your ANSWER BOOK ON THE SAME SET OF AXES, use a 
dotted line to show the curve that will be obtained when concentrated sulphuric acid is used.  
Label the curve P (no numerical values are required)     (2) 

[14] 

Section C: Solutions 

Multiple Choice Questions 
1. C 
2. B 
3. C 
4. C 
5. A 
6. A 
7. C 
8. A 
9. C 
10. A 

Practice Questions  

Question 1 

1.1. A gas , H2,  would be formed that will displace the water in the measuring cylinder 

The amount of gas formed (in cm
3
) can be read off the measuring cylinder every 

60s.  (3) 

1.2. Volume of H2or gas released per unit time  (2) 

1.3. State of division (powder) of iron  

Mass of iron   

Initial temperature of the reactants   (3) 

1.4  Dependent and independent variables are stated  

 Ask a question about the relationship between dependent and independent 
variables  (2) 



 

 

 

 

E.g. How will the concentration of the H2SO4 influence the rate of the reaction? 

What is the relationship between concentration (of the sulphuric acid) and reaction 
rate?  

1.5 The higher the concentration,   the faster the rate  (2) 

1.6. Decreases  (1) 

1.7. Decreases  (1) 

Question 2 

2.1. ΔH = - 400 – (-170) 

= - 230 kJ.mol
-1
 (1) 

2.2. Ear = -40 – (-400) 

= 360 kJ. mol (1) 

2.3. The particles are moving faster because they have more kinetic energy ,  so there 
will be more effective collisions per second.  

 More particles will have greater energy than the activation energy  therefore the 
fraction (number) of successful collisions increases (2) 

2.4.  (i) A catalyst decreases the activation energy  (1) 

 (ii) A catalyst has no effect on ΔH   (1) 

Question 3 

3.1. Change in concentration of reactants or products per unit time (2) 

3.2. To ensure that all the zinc is used up (the zinc is a limiting reactant) (1) 

3.3. Criteria for hypothesis: 

 Dependent and independent variables correctly identified 

 Made a prediction about the relationship between the variables. 

Example: 

The reaction rate increases with an increase in the concentration of the acid. (2) 

3.4. It is the control variable (1) 

3.5. 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑙𝑒𝑠 𝑢𝑠𝑒𝑑 = 0,1 − 0,08 

= 0,02 𝑚𝑜𝑙  

𝑛 =
𝑚

𝑀
 

0,02 =
𝑚

65
 

∴ 𝑚 = 1,3 𝑔  (4) 

3.6. 
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑟𝑎𝑡𝑒 =

𝑚𝑎𝑠𝑠 𝑍𝑛 𝑢𝑠𝑒𝑑

𝑡𝑖𝑚𝑒 𝑡𝑎𝑘𝑒𝑛
 

=
1,3

60
 

= 0,02 𝑔. 𝑠−1 
 (2) 



 

 

3.7. 

  

 Criteria for graph: 

 Graph P has a steeper slope than the original graph 

 Graph P intercepts with the x-axis earlier than original graph. (2) 

 


