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4.2 Write down the:   
 4.2.1 IUPAC name of compound B               (2) 
 4.2.2 Structural formula of compound F              (2) 
 4.2.3 IUPAC name of a POSITIONAL isomer of compound A            (3) 
4.3 Compound E is formed when a carboxylic acid reacts with another organic compound.  
 Write down the: 
 4.3.1 Homologous series to which compound E belongs            (1) 
 4.3.2 NAME or FORMULA of the catalyst used for the preparation of compound E         (1) 
 4.3.3 IUPAC name of compound E               (2) 

    [14] 
QUESTION 5 (November 2016)  
The letters A to F in the table below represent six organic compounds. 

A 

 
 
 
 
 
 
 
 

B 

 
 
 

C 2,3-dibromo-3-methylpentane D Ethyl ethanoate 

E 

 
 
 
 
 
 

  

5.1 Write down the LETTER that represents the following: 
 5.1.1 A hydrocarbon                 (1) 
 5.1.2 A functional isomer of compound B              (1) 
 5.1.3 A compound which belongs to the same homologous series as compound D         (1) 
5.2 Write down the STRUCTURAL FORMULA of EACH of the following:  
 5.2.1 Compound C                 (3) 
 5.2.2 The acid used to prepare compound D              (2) 
5.3 Compound A reacts with an unknown reactant, X, to form 2-methylpropane. 

Write down the: 
 5.3.1 NAME of reactant X                (1) 
 5.3.2 Type of reaction that takes place               (1) 

    [10] 
QUESTION 6 (March 2017) 

6.1 Define the term functional group of organic compounds.              (2) 
6.2 Write down the:   
 6.2.1 Structural formula of the functional group of aldehydes            (1) 
 6.2.2 Name of the functional group of carboxylic acids             (1) 
6.3 The IUPAC name of an organic compound is 2,4-dimethylhexan-3-one. For this compound, write  
 down the:  
 6.3.1 Homologous series to which it belongs              (1) 
 6.3.2 Structural formula                 (3) 
6.4 Write down the IUPAC names of the following compounds: 
 6.4.1        6.4.2 
 
 
 
 
 
 
 
 
 
             (3)              (2) 

[13]  
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QUESTION 7 (June 2017) 
The letters A to F in the table below represent six organic compounds. 
 

A CH3CH2CH2CHO B 

 
 
 
 
 

C C4H8O D C3H8O 

8 

 
 
 
 
 
 
 
 

F 

 
 
 
 

 

7.1 Write down the letter that represents EACH of the following: 
 7.1.1 A hydrocarbon                 (1) 
 7.1.2 An alcohol                 (1) 
 7.1.3 An ester                 (1) 
7.2 Write down the IUPAC name of:  
 7.2.1 Compound A                 (1) 
 7.2.2 Compound B                 (3) 
7.3 Compound C is a functional isomer of compound A. Write down the structural formula of compound C.(2) 
7.4 Compound D is used as one of the reactants to prepare compound F. Write down the: 
 7.4.1 Type of reaction which takes place to prepare compound F           (1) 
 7.4.2 IUPAC name of compound D               (2) 
 7.4.3 Structural formula of the other organic reactant used            (2) 
 7.4.4 IUPAC name of compound F               (2) 

[16] 
QUESTION 8 (November 2017) 

8.1 Study the structural formula below. For this compound, write down the: 
 
 
 
 
 
 
 8.1.1 Homologous series to which it belongs              (1) 
 8.1.2 IUPAC name             (2) 
 8.1.3 IUPAC name of the organic acid used in its preparation            (1) 

8.1.4 STRUCTURAL FORMULA of its straight chain (unbranched) functional isomer              (2) 
8.2 Write down the structural formula of 4-methylpentan-2-one.            (3) 
8.3 Consider the structural formula below.  
 
 
 
 
 
 
 
 
 
  
 For this compound, write down the:  
 8.3.1 General formula of the homologous series to which it belongs           (1) 
 8.3.2 IUPAC name               (3) 

    [13] 
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QUESTION 9 (March 2018) 
The letters A to E in the table below represent six organic compounds.  

 
9.1 Write down the LETTER that represents EACH of the following:  
 9.1.1 A tertiary alcohol                 (1) 
 9.1.2 An aldehyde                 (1) 
 9.1.3 A ketone                 (1) 
 9.1.4 A functional isomer of compound B               (1) 
9.2 Write down the IUPAC name of:  
 9.2.1 Compound B                  (1) 
 9.2.2 Compound E                 (4) 
9.3 Define the term positional isomers.                (2) 
9.4 Write down the STRUCTURAL FORMULA of:  
 9.4.1 A positional isomer of compound C               (2) 
 9.4.2 Compound D                 (2) 
 9.4.3 The organic acid that will react with compound C to form butyl propanoate          (2) 

[17] 
QUESTION 10 (June 2019) 

The letters A to F in the table below represent six organic compounds.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
10.1 Is compound C SATURATED or UNSATURATED? Give a reason for the answer.          (2) 
10.2 Write down the LETTER that represents each of the following: 
 10.2.1 An ester               (1) 
 10.2.2 A FUNCTIONAL ISOMER of butanal              (1) 
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 10.2.3 A compound with the general formula CnH2n-2              (1) 
 10.2.4 A compound used as reactant in the preparation of compound D           (1) 
10.3 Write down the STRUCTURAL FORMULA of: 
 10.3.1 The functional group of compound C               (1) 
 10.3.2 Compound D              (2) 
 10.3.3 A CHAIN ISOMER of compound A              (2) 
10.4 Write down the: 
 10.4.1 IUPAC name of compound F              (3) 
 10.4.2 Balanced equation, using MOLECULAR FORMULAE, for the complete combustion of  

compound A              (3) 
[17] 

QUESTION 11 (November 2019) 

11.1 The IUPAC name of an organic compound is 4,4-dimethylpent-2-yne. 
 11.1.1 Write down the GENERAL FORMULA of the homologous series to which this compound  
  belongs.                 (1) 
 11.1.2 Write down the STRUCTURAL formula of this compound.           (3) 
11.2 The organic compound below has one positional isomer and one functional isomer. 
 
 
 
 
 
 

11.2.1 Define the term positional isomer.              (2) 
 

For this compound, write down the: 
 

11.2.2 IUPAC name of its POSITIONAL isomer              (2) 
11.2.3 Structural formula of its FUNCTIONAL isomer             (2) 

11.3 Consider the condensed structural formula of an organic compound below. 
 

CH3CH2C(CH3)CH3 
 
 
 

11.3.1 Is this a PRIMARY, SECONDARY or TERTIARY alcohol? Give a reason for the answer.      (2) 
11.3.2 Write down the IUPAC name of the above compound.            (2) 
11.3.3 Write down the IUPAC name of the MAJOR ORGANIC PRODUCT formed when this  
 compound undergoes an elimination reaction.             (2) 

[16] 
QUESTION 12 (November 2020) 

The letters A to E in the table below represent five organic compounds. 

A 

 

B C3H8O 

C 

 

D Pentan-2-one 

E 4-methylpent-2-yne 

 

Use the information in the table to answer the questions that follow. 
12.1 For compound D, write down the: 

12.1.1 Homologous series to which it belongs              (1) 
12.1.2 IUPAC name of a FUNCTIONAL ISOMER             (2) 

12.2 Write down the: 
12.2.1 IUPAC name of compound A               (3) 
12.2.2 STRUCTURAL FORMULA of compound E             (2) 
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12.3 Compound B is a primary alcohol. 
12.3.1 Write down the meaning of the term primary alcohol.            (2) 
 

Compound B reacts with another organic compound X to form compound C. Write down the: 
 

12.3.2 Type of reaction that takes place               (1) 
12.3.3 IUPAC name of compound X               (1) 

[12] 
QUESTION 13 (June 2021) 
The letters A to F in the table below represent six organic compounds. 
 

 
 

13.1  Write down the LETTER(S) that represent(s) the following: 
 13.1.1  A ketone                  (1) 
 13.1.2  TWO compounds that are FUNCTIONAL ISOMERS             (1) 
 13.1.3  A hydrocarbon                  (1) 
13.2  For compound D, write down the: 
 13.2.1  Homologous series to which it belongs               (1) 
 13.2.2  IUPAC name                  (3) 
13.3  Consider compound F. Write down the IUPAC name of its: 
 13.3.1  POSITIONAL isomer                 (2) 
 13.3.2  CHAIN isomer                  (2) 
13.4  During the reaction of compound A with compound E in the presence of an acid catalyst, two products 

are formed. For the ORGANIC product formed, write down the: 
 13.4.1  IUPAC name                  (2) 
 13.4.2  STRUCTURAL FORMULA of its FUNCTIONAL GROUP             (1) 
13.5 Compound C (C10H22) reacts at high temperatures and pressures to form a three-carbon alkene P  
 and an alkane Q, as shown below. 

C10H22  →  P  +  Q 
 Write down the: 
 13.5.1  Type of reaction that takes place               (1) 
 13.5.2  Molecular formula of compound Q               (2) 
 13.5.3  STRUCTURAL FORMULA of compound P              (2) 

[19] 
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QUESTION 14 (September 2021) 
The letters A to E in the table below represent five organic compounds. 

 
14.1  Write down the LETTER that represents EACH of the following: 
 14.1.1  A ketone                  (1) 
 14.1.2  A hydrocarbon                  (1) 
 14.1.3  An alkene                  (1) 
14.2  Write down the: 
 14.2.1  IUPAC name of compound A                (3) 
 14.2.2  STRUCTURAL FORMULA of compound D              (2) 
 14.2.3 IUPAC name of the STRAIGHT CHAIN FUNCTIONAL ISOMER of compound C          (2) 
14.3  Compound B is a straight chain compound that undergoes the following exothermic reaction: 
 

2CxHy + 25O2(g)  →  16CO2(g) + 18H2O(g) 
 

 14.3.1  Besides being exothermic, what type of reaction is represented above?           (1) 
 14.3.2  Determine the MOLECULAR FORMULA of compound B.            (2) 
 

 The reaction above takes place in a closed container at a constant temperature higher than 100 °C  
 and at constant pressure. 
 

 14.3.3  Calculate the TOTAL VOLUME of gas formed in the container when 50 cm3 of CxHy  
  reacts completely with oxygen. (Answer: 850 cm3)             (3) 

 [16] 
QUESTION 15 (November 2021) 
The letters A to H in the table below represent eight organic compounds. 

 
15.1  Define the term unsaturated compound.                (2) 
15.2  Write down the: 
 15.2.1  Letter that represents an UNSATURATED compound             (1) 
 15.2.2  NAME of the functional group of compound C              (1) 
 15.2.3  Letter that represents a CHAIN ISOMER of compound C             (2) 
 15.2.4  IUPAC name of compound G                (3) 
 15.2.5  General formula of the homologous series to which compound E belongs          (1) 
15.3  Define the term functional isomers.                (2) 
15.4  For compound A, write down the: 
 15.4.1  Homologous series to which it belongs               (1) 
 15.4.2  STRUCTURAL FORMULA of its FUNCTIONAL isomer             (2) 
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15.5  Compound D undergoes a dehydration reaction. Write down the: 
 15.5.1  IUPAC name of compound D               (1) 
 15.5.2  Letter that represents a product of this reaction              (1) 
 15.5.3  NAME or FORMULA of the inorganic reactant that is used in this reaction          (1)  

[18] 
QUESTION 16 (June 2022) 
The letters A to H in the table below represent eight organic compounds. 

 
16.1 Write down the LETTER that represents a compound that: 
 16.1.1 Is a ketone                (1) 
 16.1.2 Has the general formula CnH2n-2              (1) 

16.1.3 Is an isomer of 2-methylbut-2-ene             (1) 
 16.1.4 Has the same molecular formula as ethyl ethanoate           (1) 
16.2 Write down the: 
 16.2.1 IUPAC name of compound A              (3) 
 16.2.2 STRUCTURAL FORMULA of compound F            (3) 
16.3 For compound D, write down the: 

16.3.1 Homologous series to which it belongs              (1) 
16.3.2 NAME of its functional group              (1) 
16.3.3 STRUCTURAL FORMULA of its functional isomer           (2) 

16.4 For compound G, write down: 
16.4.1 The IUPAC name of a chain isomer             (2) 
16.4.2 A balanced equation, using molecular formulae, for its complete combustion        (3) 

[19] 
QUESTION 17 (November 2022) 
A to F in the table below represent six organic compounds 

 
17.1 Write down the: 
 17.1.1 Letters that represent TWO organic compounds that are isomers of each other          (1) 

17.1.2  Type of isomers (CHAIN, FUNCTIONAL or POSITIONAL) identified in QUESTION 17.1.1        (1) 
17.1.3  GENERAL FORMULA of the homologous series to which compound B belongs          (1) 
17.1.4  NAME of the functional group of compound F              (1) 
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17.2  Write down the IUPAC name of: 
18.2.1  Compound A                  (3) 
18.2.2  Compound B                  (2) 
18.2.3  Compound C                  (2) 

17.3  Compound F reacts with a carboxylic acid to form compound S in the presence of a strong acid. 
 

17.3.1  Write down the type of reaction that takes place.              (1) 
 

 Compound S has an EMPIRICAL FORMULA of C3H6O and a molecular mass of 116 g∙mol-1. 
 

17.3.2  Write down the MOLECULAR FORMULA of the carboxylic acid.            (3) 
[15] 

QUESTION 18 (June 2023) 

Study the table below and answer the questions that follow. 

 
 

18.1  Define the term unsaturated hydrocarbon.               (2) 
18.2  Write down the: 
 18.2.1  Letter that represents an UNSATURATED hydrocarbon             (1) 
 18.2.2  IUPAC name of compound A                (3) 
 18.2.3  IUPAC name of the POSITIONAL isomer of compound B            (2) 
 18.2.4  IUPAC name of compound D                (2) 

18.2.5  Balanced equation, using MOLECULAR FORMULAE, for the complete combustion of  
  compound A                  (3) 
18.3  The formula C4H8O represents two compounds that are functional isomers of each other. 

183.1  Define the term functional isomer.               (2) 
18.3.2  Write down the STRUCTURAL FORMULAE of each of these two FUNCTIONAL isomers.        (4) 

18.4  A 2 g sample of compound E contains 1,09 g carbon and 0,18 g hydrogen. The molecular mass of 
compound E is 88 g∙mol-1. 
Determine the molecular formula of compound E by means of a calculation.           (6) 

[25] 
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QUESTION 19 (November 2023) 
The letters A to H in the table below represent eight organic compounds. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
19.1  Define the term organic compound.                (1) 
19.2  Write down the IUPAC name of compound: 
 19.2.1  E                   (2) 
 19.2.2  H                   (2) 
19.3  Write down the: 
 19.3.1  STRUCTURAL formula of compound B               (2) 
 19.3.2  STRUCTURAL formula of compound C               (3) 
 19.3.3  General formula of the homologous series to which compound E belongs          (1) 
 19.3.4  STRUCTURAL formula of the FUNCTIONAL group of compound F           (1) 
 19.3.5  IUPAC name of the alcohol needed to produce compound B            (2) 
19.4 Write down the letter(s) of the compound(s) that: 
 19.4.1  Is a FUNCTIONAL isomer of compound G              (1) 
 19.4.2  Are CHAIN isomers of each other               (1) 

[16] 
QUESTION 20 (June 2024) 
The letters A to H in the table below represent eight organic compounds. 

 
20.1  Define the term hydrocarbon.                 (2) 
20.2  Write down the letter(s) for: 
 20.2.1  TWO compounds that are UNSATURATED hydrocarbons            (1) 
 20.2.2  TWO compounds that are CHAIN ISOMERS of each other            (2) 
 20.2.3  A secondary alcohol                 (1) 
20.3  Write down the: 
 20.3.1  STRUCTURAL formula of the FUNCTIONAL ISOMER of compound D           (2) 
 20.3.2  General formula of the homologous series to which compound B belongs          (1) 

3 
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 20.3.3  STRUCTURAL formula of compound C               (2) 
20.4  Write down the IUPAC name of compound: 

20.4.1  E                   (3) 
20.4.2  G                   (3) 
20.4.3  H                   (2) 

20.5  Compound B undergoes complete combustion. Using MOLECULAR FORMULAE, write down the 
 balanced equation for this reaction.                (3) 

[22] 
QUESTION 21 (November 2024) 
The letters A to H in the table below represent organic compounds. 

 
21.1  Write down the LETTER that represents EACH of the following: 

21.1.1  An alcohol                  (1) 
21.1.2  A compound with a formyl group               (1) 
21.1.3  An unsaturated compound                (1) 

21.2  Write down the IUPAC name of compound: 
21.2.1  B                   (3) 
21.2.2  E                   (3) 

21.3  Two different compounds in the above table are functional isomers. 
21.3.1  Define the term functional isomer.               (2) 
21.3.2  Write down the LETTERS that represent these functional isomers.           (1) 

21.4  Compound F is formed when a carboxylic acid reacts with another organic compound, X, in the presence 
of a catalyst. Write down the: 
21.4.1  NAME or FORMULA of the catalyst               (1) 
21.4.2  Type of reaction                 (1) 
21.4.3  STRUCTURAL FORMULA of compound F              (2) 
21.4.4  IUPAC name of compound X                (2) 

[18] 
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PHYSICAL PROPERTIES  
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EXPLANING DIFFERENCES IN PHYSICAL PROPERTIES 
 

 
 
  

FOLLOW THE FOLLOWING STEPS: 
 
STEP 1:  State the DIFFERENCE IN STRUCTURE (chain length/branching/functional group) 
 responsible for the difference in boiling point/melting point/vapour pressure. 
 
STEP 2:  State the EFFECT of this factor ON INTERMOLECULAR FORCES. 
 
STEP 3:  State the EFFECT ON ENERGY NEEDED TO OVERCOME INTERMOLECULAR 
 FORCES. 

TYPICAL EXAMPLES 
 
EXAMPLE 1: 
Explain the increase in boiling point from methane to butane. 
Answer: 

• Increase in chain length from methane to butane.  

• Increase in strength of London forces/intermolecular forces from methane to butane.  

• More energy needed to overcome intermolecular forces.  

• Thus, increase in boiling point. 
 
EXAMPLE 2: 
Explain the increase in boiling point from compound A to compound C. 
 

COMPOUNDS BOILING POINT (°C) 

A 2,2-dimethylpropane 9 

B 2-methylbutane 28 

C pentane 36 

(The compounds are isomers and have the same molecular mass, but different structural formulae.) 
Answer: 

• Increase in chain length from A to C   OR   decrease in branching from A to C.  

• Increase in strength of London forces/intermolecular forces from A to C.  

• More energy needed to overcome intermolecular forces  

• Thus, increase in boiling point from A to C. 
 
 
EXAMPLE 3: 
Explain the increase in boiling point from compound A to compound C by referring to the type of 
intermolecular forces present in each. 
 

COMPOUND 
MOLECULAR MASS 

(g·mol-1) 
BOILING POINT 

(°C) 

A Butane 58 ‒ 0,5 

B Propan-1-ol 60 98 

C Ethanoic acid 60 118 

 
Answer: 

• Butane, an alkane, has London forces between molecules. 

• Propan-1-ol, an alcohol, has one site for hydrogen bonding.  

• Ethanoic acid, a carboxylic acid, has two sites for hydrogen bonding.   

• Strength of intermolecular forces increases from A to C.  

• More energy is needed to overcome intermolecular forces from A to C. 
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TERMS AND DEFINITIONS 

Boiling point 
The temperature at which the vapour pressure of a liquid equals atmospheric 
pressure.  

Dipole-dipole force 
Intermolecular forces found between polar molecules i.e. molecules in which there is 
an uneven distribution of charge so that the molecule has a positive and a negative 
side. 

Hydrogen bond 
A strong intermolecular force found between molecules in which an H atom is 
covalently bonded to wither an N, O or F atom.  

Intermolecular force Forces between molecules that determine physical properties of compounds. 

London force A weak intermolecular force between non-polar molecules. 

Melting point 
The temperature at which the solid and liquid phases of a substance are at 
equilibrium.  

Van der Waals forces A combined name used for the different types of intermolecular forces. 

Vapour pressure The pressure exerted by a vapour at equilibrium with its liquid in a closed system.  

Volatility 

How easily a substance will vaporize (turn into a gas or vapour).  
A volatile substance can be defined as a substance that evaporates readily at normal 
temperatures and/or one that has a measurable vapour pressure. The term volatile 
usually applies to liquids. 

 
WORKED EXAMPLES 

EXAMPLE 1 (March 2015) 
Learners use compounds A to C, shown in the table below, to investigate a factor which influences the boiling 
point of organic compounds. 
 

 
 
 
 
 
1.1 Which ONE of the compounds (A, B or C) has the highest boiling point?           (1) 
 Answer: C  
1.2 For this investigation, write down the: 

1.2.1 Independent variable                (1)  
 Answer: Chain length  (The independent variable is the “cause”.) 

1.2.2 Dependent variable                (1) 
  Answer: Boiling point  (The dependent variable is the “effect”.) 
1.3 Write down the name of the type of Van der Waals force that occurs between the molecules of 

compound B.                  (1) 
 Answer: London forces  
1.4 How will the vapour pressure of 2-methylpentane compare to that of compound C? Write down  

only HIGHER THAN, LOWER THAN or EQUAL TO.             (1) 
 Answer: Higher than   

The learners now compare the boiling points of compounds D and E, shown in the table below. 

D CH3CH2CH2CH2CH2OH 

E CH3CH2CH2COOH 
 

1.5 How does the boiling point of compound D compare to that of compound E? Write down HIGHER  
THAN, LOWER THAN or EQUAL TO. Fully explain the answer.            (4) 

 Answer: Lower than  
Both compounds D and E have hydrogen bonding between molecules.  
Compound D has one site for hydrogen bonding whilst compound E has two sites for hydrogen  
bonding OR compound E can form dimers.  

 More energy needed to overcome intermolecular forces in compound E.  
[9] 

  

A CH3CH2CH2CH3 

B CH3CH2CH2CH2CH3 

C CH3CH2CH2CH2CH2CH3 
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EXAMPLE 2 (March 2017) 

The boiling points of some organic compounds are given in the table below. Y represents an unknown boiling 
point. 

 COMPOUND BOILING POINT (°C) 

A Methanol 64,7 

B Ethanol 78,3 

C Propan-1-ol 97,2 

D Butan-1-ol 117,7 

E Butan-2-ol 99,5 

F 2-methylpropan-1-ol Y 

G 2-methylpropan-2-ol 82,5 

2.1 For the compounds listed above, write down the:  
 2.1.1 Structural formula of compound F              (3) 
  Answer: 
 
 
 
 
 
 
 
 
 2.1.2 LETTER that represents a POSITIONAL isomer of compound E           (1) 
  Answer: D   
 2.1.3 LETTER that represents a CHAIN isomer of compound E            (1) 
 Answer: G  
2.2 The boiling points increase from compound A to compound D. 
 2.2.1 Give a reason for this increase in terms of the molecular structure.          (1) 
  Answer: Chain length/molecular size/surface area  
 2.2.2 Name the intermolecular force in these compounds responsible for this increase.         (1) 
  Answer: London forces/dispersion forces/induced-induced dipole  
2.3 Consider the boiling points given below. 
 

85 °C 108 °C 122 °C 
 

 2.3.1 From these boiling points, choose the boiling point represented by Y in the table above.        (1) 
   Answer: 108 °C  
2.2.2 Fully explain how you arrived at the answer to QUESTION 2.3.1.            (4) 
 Answer:  
 Compare compound F to compounds C and D: 

• Compound F has a larger molecular mass/molecular size/surface area than compound C.  

• Compound F is more branched than compound D.  

• Intermolecular forces in compound F are stronger than in compound C and weaker than in  
compound D.  

• More energy needed to overcome intermolecular forces in compound F than in compound C and  
less energy needed to overcome intermolecular forces in compound F than in D.  

2.4 Hydrogen bonding is responsible for the relatively high boiling points of compounds A to G in  
 comparison with hydrocarbons of similar molecular size. Draw TWO structural formulae of  
 compound A. Use a dotted line to show the hydrogen bonding between the two structural formulae.     (2) 
 Answer: 
 
 
 
 
 
 
2.5 Compound B reacts with propanoic acid in the presence of concentrated sulphuric acid.  
 Write down the:  
 2.5.1 Type of reaction that takes place               (1) 
  Answer: Esterification/Condensation  
  

Marking criteria  

At least one structural formula of methanol as shown.  

Dotted line drawn from O atom on one molecule to H 
atom bonded to an O atom in the second molecule. 
(H atom should be between two O atoms.) 
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 2.5.2 Structural formula of the organic product formed             (2) 
  Answer:  
 
 
         

[17] 
EXAMPLE 3 (June 2021) 
Learners use compounds A, B and C to investigate one of the factors that influences the VAPOUR PRESSURE 
of organic compounds. 

A Butan-1-ol 

B Butan-2-one 

C Propanoic acid 

3.1  Define the term vapour pressure.                (2) 
 Answer: The pressure exerted by a vapour at equilibrium with its liquid in a closed system.  
3.2  Write down the independent variable for this investigation.             (1) 
 Answer: Functional group/Type of intermolecular forces/Homologous series  
3.3  Which compound, A or B, has the higher vapour pressure?             (1) 
 Answer: B   
3.4  Fully explain the answer to QUESTION 3.3. Include the TYPES OF INTERMOLECULAR FORCES  
 in your explanation.                  (4) 
 Answer:  
 

 
 
 
 

• Compound A/butan-1-ol has hydrogen bonding (dipole-dipole and London forces) between  
molecules.  

• Compound B/butan-2-one has dipole-dipole forces (and London forces) between molecules.  

• Intermolecular forces in compound A/butan-1-ol are stronger than intermolecular forces in  
compound B/butan-2-one.   
OR Intermolecular forces in compound B/butan-2-one are weaker than intermolecular forces in 
compound A/butan-1-ol.  

• More energy is needed to overcome/break intermolecular forces in compound A/butanol than in 
compound B/butan-2-one.  

3.5  The graph below represents the relationship between vapour pressure and temperature for  
 compound A at sea level. X and Y represent different temperatures. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 3.5.1  Write down the term for the temperature represented by X.            (1) 
  Answer: Boiling point (of compound A/butan-1-ol)  
 3.5.2  State the phase of compound A at temperature Y. Choose from GAS, LIQUID or SOLID.       (1) 
  Answer: Gas  
  

 
 C O C C C C 

O 

H 

H H 

H H 

H 

H H 

H 

H 

Marking criteria 

• State hydrogen bonding in A.  

• State dipole-dipole forces in B.  

• Compare strengths of IMFs.  

• Compare energies required.  
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 3.5.3  Redraw the graph in your ANSWER BOOK. On the same set of axes, sketch the curve that  
  will be obtained for compound C. Clearly label curve A and curve C.          (2) 
  Answer: 
 
 
 
 
 
 
 
 
 
 

[12] 
 

TYPICAL QUESTIONS 
QUESTION 1 (November 2014) 

1.1 Give a reason why alkanes are saturated hydrocarbons.             (1) 
1.2 Write down the structural formula of: 
 1.2.1 The functional group of alcohols               (1) 
 1.2.2 A tertiary alcohol that is a structural isomer of butan-1-ol            (2) 
1.3 Learners investigate factors that influence the boiling points of alkanes and alcohols. In one of the 
 investigations, they determine the boiling points of the first three alkanes. 
 1.3.1 Write down an investigative question for this investigation.           (2) 
 1.3.2 Fully explain why the boiling point increases from methane to propane.           (3) 
1.4 The learners find that the boiling point of propan-1-ol is higher than that of propane.  

Explain this observation by referring to the TYPE of INTERMOLECULAR FORCES present in each of 
these compounds.                     (3) 

[12] 
QUESTION 2 (June 2015) 
The table below shows five organic compounds represented by the letters A to E.  
 

A CH4 

B CH3CH3 

C CH3CH2CH3 

D CH3CH2CH2CH3 

E CH3CH2OH 
 

2.1 Is compound B SATURATED or UNSATURATED? Give a reason for the answer.             (2) 
 

Consider the boiling points of compounds A to E given in random order below and use them, where  
applicable, to answer the questions that follow.  
 

0 °C - 162 °C - 42 °C - 89 °C 78 °C 
 

2.2 Write down the boiling point of: 
 3.2.1 Compound C                      (1) 
 3.2.2 Compound E                 (1) 
2.3 Explain the difference in boiling points of compounds C and E by referring to the TYPE of  

intermolecular forces present in EACH of these compounds.            (3) 
2.4 Does vapour pressure INCREASE or DECREASE from compounds A to D? Fully explain the answer. (4) 
2.5 How will the vapour pressure of 2-methylpropane compare to the vapour pressure of compound D?  

Write down only HIGHER THAN, LOWER THAN or EQUAL TO.            (1) 
   [12] 
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 Marking criteria: 

• Curve C starts below curve A.  

• Curve C remains below curve A.  
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QUESTION 3 (November 2015) 

Four compounds of comparable molecular mass are used to investigate the effect of functional groups on  
vapour pressure. The results obtained are shown in the table below. 
 

COMPOUND 
VAPOUR PRESSURE 

(kPa at 20 °C) 

A Butane  204 

B Propan-2-one 24,6 

C Propan-1-ol 2 

D Ethanoic acid 1,6 
 

3.1 Define the term functional group of an organic compound.            (2) 
3.2 Which ONE of the compounds (A, B, C or D) in the table has the: 
 3.2.1 Highest boiling point 

 (Refer to the vapour pressures in the table to give a reason for the answer.)         (2) 
 3.2.2 Weakest intermolecular forces               (1) 
3.3 Refer to the type of intermolecular forces to explain the difference between the vapour pressure of 
 compound A and compound B.                (3) 
3.4 The vapour pressures of compounds C and D are much lower than those of compounds A and B.  
 Name the type of intermolecular force in A and B that is responsible for this difference.         (1) 
3.5 Briefly explain the difference in vapour pressure between compound C and compound D.         (2) 
3.6 During a combustion reaction in a closed container of adjustable volume, 8 cm3 of compound A  
 (butane) reacts in excess oxygen according to the following balanced equation:  
 

2C4H10(g) + 13O2(g)  →  8CO2(g) + 10H2O(g) 
 

If the initial volume of the oxygen in the container was 60 cm3, calculate the TOTAL volume of the  
 gases that are present in the container at the end of the reaction. All the gases in the container are  
 at the same temperature and pressure. (Answer: 80 cm3)             (5) 

   [16] 
QUESTION 4 (March 2016) 
4.1 Define the term boiling point.                (2) 
4.2 What is the relationship between strength of intermolecular forces and boiling point?         (1) 
 

The relationship between strength of intermolecular forces and boiling point is investigated using four  
organic compounds from different homologous series. The compounds and their boiling points are given in  
the table below. 

COMPOUND BOILING POINT (°C) 

A Propane - 42 

B Propan-2-one 56 

C Propan-1-ol 97 

D Propanoic acid 141 
 

4.3 Refer to the TYPE and the STRENGTH of intermolecular forces to explain the difference in boiling  
 points between:  
 4.3.1 Compounds A and B                (3) 
 4.3.2 Compounds C and D                (3) 
4.4 Is compound B a GAS or a LIQUID at room temperature?            (1) 

[10] 
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QUESTION 5 (June 2016) 
The relationship between boiling point and the number of carbon atoms in straight chain molecules of alkanes, 
carboxylic acids and alcohols is investigated. Curves P, Q and R are obtained. 
 

GRAPH OF BOILING POINT VERSUS NUMBER OF C ATOMS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.1 Define the term boiling point.                (2) 
5.2 For curve P, write down a conclusion that can be drawn from the above results.          (2) 
5.3 Identify the curve (P, Q or R) that represents each of the following: 
 5.3.1 Alkanes                  (1) 
 5.3.2 Carboxylic acids                 (1) 
5.4 Explain the answer to QUESTION 5.3.2 by referring to the: 

• Types of intermolecular forces present in alkanes, carboxylic acids and alcohols 

• Relative strengths of these intermolecular forces 

• Energy needed                  (5) 
  [11] 

QUESTION 6 (November 2016) 

The boiling points of three isomers are given in the table below. 
 

 ISOMERS BOILING POINT (°C) 

A 2,2-dimethylpropane 9 

B 2-methylbutane 28 

C pentane 36 
 

6.1 Define the term structural isomer.               (2) 
6.2 What type of isomers (POSITIONAL, CHAIN or FUNCTIONAL) are these three compounds?        (1) 
6.3 Explain the trend in the boiling points from compound A to compound C.           (3) 
6.4 Which ONE of the three compounds (A, B or C) has the highest vapour pressure? Refer to the data  

in the table to give a reason for the answer.              (2) 
6.5 Use MOLECULAR FORMULAE and write down a balanced equation for the complete combustion  

of compound B.                  (3) 
[11] 

QUESTION 7 (June 2017) 

Learners investigate factors which influence the boiling points of alcohols.  
They use equal volumes of each of the alcohols and heat them separately in a water bath. The temperature  
at which each boil is measured. The results obtained are shown in the table below.  
 

ALCOHOLS BOILING POINTS OF ALCOHOLS (°C) 

Butan-1-ol 117,7 

Pentan-1-ol 138,5 

Hexan-1-ol 157,0 
 

7.1 Define the term boiling point.                (2) 
7.2 What property of alcohols requires them to be heated in a water bath?           (1) 
7.3 The boiling points of the alcohols are compared with each other.  
 7.3.1 What structural requirements must the alcohols meet to make it a fair comparison?        (2) 
 7.3.2 Fully explain the trend in the boiling points.              (3) 
7.4 How will the boiling point of hexan-1-ol be affected if the volume of hexan-1-ol used is doubled?  
 Choose from INCREASES, DECREASES or REMAINS THE SAME.           (1) 
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7.5 In another investigation the learners compare the boiling points of hexan-1-ol and hexanal. 
 7.5.1 Write down the independent variable for this comparison.            (1) 

7.5.2 They find that the boiling point of hexan-1-ol is higher than that of hexanal. Fully explain this 
observation.                 (4) 

   [14] 
QUESTION 8 (November 2017) 

The vapour pressure versus temperature graph below was obtained for four straight chain (unbranched)  
alkanes (P, Q, R and S). FROM P TO S, EACH COMPOUND DIFFERS FROM THE PREVIOUS COMPOUND 
BY A –CH2 GROUP.  The vapour pressures are measured in mmHg. Atmospheric pressure is 760 mmHg.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

8.1 Give a reason why alkanes are said to be SATURATED.             (1) 
8.2 Define vapour pressure.                 (2) 
8.3 Use the information in the graph above to answer the following questions.   
 10.3.1 What is the effect of an increase in temperature on vapour pressure?   

Choose from INCREASES, DECREASES or NO EFFECT.           (1) 
 8.3.2 Which compound has a boiling point of approximately 68 °C? Give a reason for the answer.    (2) 
 8.3.3 Which compound has the longest chain length? Fully explain the answer.          (4) 
8.4 Compound P has FIVE carbon atoms.   
 8.4.1 Draw the structural formula of a chain isomer of P. Write down the IUPAC name of this  

isomer.                  (3) 
 8.4.2 How will the vapour pressure of this isomer compare with that of compound P? Choose from 

HIGHER THAN, LOWER THAN or EQUAL TO.             (1) 
    [14] 

QUESTION 9 (March 2018) 

Study the vapour pressure versus temperature graphs for three organic compounds, X, Y and Z, below which 
belong to different homologous series. Atmospheric pressure is 100 kPa. 
 

 
9.1 Write down the vapour pressure of compound Y at 90 °C.             (1) 
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9.2 The graphs can be used to determine the boiling points of the three compounds.  
 9.2.1 Define boiling point.                 (2) 
 9.2.2 Determine the boiling point of compound X.              (1) 
9.3 The homologous series to which the three compounds of similar molecular masses belong, were 

identified in random order as:   alcohol; carboxylic acid; ketone 
 9.3.1 Which compound (X, Y or Z) is the carboxylic acid?             (1) 

9.3.2 Explain the answer to QUESTION 9.3.1 by referring to the type of intermolecular forces in 
compounds of each of the homologous series above.             (4) 

 9.3.3 Compound X has three carbon atoms per molecule. Write down its IUPAC name.         (1) 
[10] 

QUESTION 10 (June 2018) 

The boiling points of straight-chain alkanes and straight-chain alcohols are compared in the table.  
 

NUMBER OF 
CARBON ATOMS 

BOILING POINTS OF 
ALKANES (°C) 

BOILING POINTS OF 
ALCOHOLS (°C) 

1 ‒ 162 64 

2 ‒ 89 78 

3 ‒ 42 98 

4 ‒ 0,5 118 
 

10.1 Explain the increase in boiling points of the alkanes, as indicated in the table.           (3) 
10.2 Explain the difference between the boiling points of an alkane and an alcohol, each having 
 THREE carbon atoms per molecule, by referring to the TYPE of intermolecular forces.          (4) 
10.3 Does the vapour pressure of the alcohols INCREASE or DECREASE with an increase in the  

number of carbon atoms?                 (1) 
10.4 How will the boiling point of 2-methylpropane compare to that of its chain isomer?  

Write down HIGHER THAN, LOWER THAN or EQUAL TO. Give a reason for the answer by  
referring to the structural differences between the two compounds.           (2) 

[10] 
QUESTION 11 (November 2018) 

The boiling points of different organic compounds are given below. 
 

COMPOUND BOILING POINT (°C) 

A HCOOH 101 

B CH3COOH 118 

C CH3CH2COOH 141 

D CH3CH2CH2COOH 164 

11.1 Define boiling point.                (2) 
11.2 Write down the: 
 11.2.1 Name of the FUNCTIONAL GROUP of these compounds            (1) 
 11.2.2 IUPAC name of compound C               (1) 

11.2.3 Structural formula of the FUNCTIONAL isomer of compound B            (2) 
11.3 Which ONE of the compounds, A or B or C, has the highest vapour pressure? Refer to the data in  

the table to give a reason for the answer.                 (2) 
11.4 The boiling point of compound B is now compared with of compound X.  
 

COMPOUND BOILING POINT (°C) 

B CH3COOH 118 

X CH3CH2CH2OH 98 
 

 11.4.1 Besides the conditions used to determine boiling points, give a reason why this is a fair  
  comparison.                  (1) 
 11.4.2 Is compound X a PRIMARY, SECONDARY or TERTIARY alcohol? Give a reason for the  
  answer.                  (2) 
11.4.3 Fully explain the difference between the boiling points by referring to the types of intermolecular 

forces present in each of these compounds.                   (4) 
[15] 
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QUESTION 12 (June 2019) 

Three compounds are used to investigate one of the factors that influences boiling point. The results obtained  
are shown in the table below.  

COMPOUND 
MOLECULAR MASS 

(g·mol-1) 
BOILING POINT 

(°C) 

A Butane 58 ‒ 0,5 

B Propan-1-ol 60 98 

C Ethanoic acid 60 118 
 

12.1 In one investigation, the boiling points of compound B and compound C are compared. 
 12.1.1 Is this a fair investigation? Write down YES or NO. Refer to the data in the table and give a 
  reason for the answer.                    (2) 
 12.1.2 Write down the independent variable for this investigation.           (1) 
12.2 Which ONE of the compounds (A, B or C) has the highest vapour pressure? Give a reason for the 

answer.                    (2) 
12.3 Refer to the intermolecular forces present in each compound and FULLY explain the trend in boiling 

points, as shown in the above table.               (5) 
12.4 Which compound, BUTAN-1-OL or PROPAN-1-OL, has the higher boiling point? Give a reason for  

the answer.                  (2) 
[12] 

QUESTION 13 (November 2019) 

The boiling points of five organic compounds (P, Q, R, S and T) are studied. 
 

COMPOUND IUPAC NAME 

P Pentanal 

Q 2,2-dimethylbutane 

R 3-methylpentane 

S Hexane 

T Pentan-1-ol 

 
13.1 Define the term boiling point.              (2) 
 

The boiling points of compounds Q, R and S are compared. 
13.2 Give a reason why this is a fair comparison.               (1) 
 

The boiling points of Q, R and S are given below (NOT necessarily in the correct order). 
 
 

13.3 Which ONE of the three boiling points is most likely the boiling point of compound R? Explain the  
 answer.                   (4) 
13.4 A mixture of equal amounts of P and T is placed in a flask and heated to a temperature below their 

boiling points. Assume that no reaction or condensation takes place. The vapour produced is collected  
in a syringe. 

 
 
 
 
 
 
 
 
 
 
 
 
 13.4.1 Which compound (P or T) will be present in a greater amount in the SYRINGE?         (2) 
 13.4.2 Explain the answer to QUESTION 13.4.1 by referring to the TYPES and STRENGTHS of  
  intermolecular forces.                (3) 

[12] 
  

55 °C 49,7 °C 68 °C 

vapour 

Mixture of P and T 

Syringe 
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QUESTION 14 (November 2020) 
The relationship between boiling point and the 
number of carbon atoms in straight chain 
molecules of aldehydes, alkanes and primary 
alcohols is investigated. Curves A, B and C are 
obtained. 
 

14.1 Define the term boiling point.           (2) 
14.2 Write down the STRUCTURAL 

FORMULA of the functional group of  
the aldehydes.              (1) 

14.3 The graph shows that the boiling  
points increase as the number of  
carbon atoms increases.  
Fully explain this trend.            (3) 

14.4 Identify the curve (A, B or C) that 
represents the following: 
14.4.1 Compounds with London forces only              (1) 
14.4.2 The aldehydes and explain the answer.              (4) 

14.5 Use the information in the graph and write down the IUPAC name of the compound with a boiling  
point of 373 K.                  (2) 

14.6 Write down the IUPAC name of the compound containing five carbon atoms, which has the lowest 
vapour pressure at a given temperature.               (2) 

[15] 
QUESTION 15 (September 2021) 
Compounds A, B and C are used to investigate a factor which influences the boiling points of organic 
compounds. The results of the investigation are given in the table below. 
 

COMPOUND BOILING POINT (°C) 

A Butan-1-ol 117 

B Butan-2-ol 100 

C 2-methylpropan-2-ol 82 
 

15.1  Is this a fair investigation? Choose from YES or NO.              (1) 
15.2  Give a reason for the answer to QUESTION 15.1.              (1) 
15.3  Fully explain the difference in the boiling points of compounds B and C.            (3) 
15.4  Define the term positional isomer.                (2) 
15.5  From compounds A, B and C, choose the letter(s) that represent(s) EACH of the following: 
 15.5.1  Positional isomers                 (1) 
 15.5.2 A tertiary alcohol 
  Give a reason for the answer.                (2) 
15.6  The graph represents the relationship between vapour pressure and temperature for compound A 
 (butan-1-ol). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 15.6.1  Write down the value of X.                (1) 
 15.6.2  Redraw the graph above in the ANSWER BOOK. On the same set of axes, sketch the curve 
   that will be obtained for compound C. Clearly label the curves A and C.  
   Indicate the relevant boiling point for compound C on the graph.            (2) 

 [13] 
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QUESTION 16 (November 2021) 
The melting points and boiling points of four straight-chain ALKANES are shown in the table below. 
 

COMPOUND 
MELTING POINT 

(°C) 
BOILING POINT 

(°C) 

Pentane -130 36,1 

Hexane -94 69 

Heptane -90,6 98,4 

Octane -57 125 

 
16.1  Define the term melting point.                 (2) 
16.2  Write down the general conclusion that can be made about the melting points of straight chain  
 alkanes.                   (2) 
16.3  Name the type of Van der Waals forces between molecules of octane.            (1) 
16.4  Write down the predominant phase of the following alkanes at -100 °C.  
 Choose from GAS, LIQUID or SOLID. 
 16.4.1  Pentane                  (1) 
 16.4.2  Octane                   (1) 
16.5  Hexane is now compared to 2,2-dimethylbutane. 
 16.5.1  Is the molecular mass of hexane GREATER THAN, LESS THAN or EQUAL to that of  
  2,2-dimethylbutane? Give a reason for the answer.             (2) 
 16.5.2  Is the boiling point of 2,2-dimethylbutane HIGHER THAN, LOWER THAN or EQUAL TO  
  that of hexane?                  (1) 
 16.5.3  Fully explain the answer to QUESTION 16.5.2.              (3) 

[13] 
QUESTION 17 (June 2022) 
Learners investigate factors that influence the boiling points of organic compounds. The boiling points of some 
organic compounds obtained are shown in the table below. 
 

COMPOUND 
MOLECULAR MASS 

(g∙mol-1) 
BOILING POINT 

(°C) 

A Propane 44 - 42 

B Butane 58 - 0,5 

C Pentane 72 36 

D Methylbutane 72 28 

E Ethanol 46 78 

F Ethanal 44 20 
 

17.1 Define the term boiling point.                (2) 
17.2 The boiling points of compounds A, B and C are compared. 
 17.2.1 How do the boiling points vary from compound A to compound C? 
  Choose from INCREASES, DECREASES or REMAINS THE SAME.          (1) 
 17.2.2 Explain the answer to QUESTION 17.2.1.             (3) 
17.3 The boiling points of compounds B, C and D are compared.   
 Is this a fair comparison? 
 Choose from YES or NO. Give a reason for the answer.             (2) 
17.4 The boiling points of compounds E and F are compared. 
 17.4.1 State the independent variable for this comparison.            (1) 
 17.4.2 Write down the name of the strongest Van der Waals force present in compound F.        (1) 
17.5 Which compound, D or E, has a higher vapour pressure? Give a reason for the answer.         (2) 

[12] 
  

Downloaded from Stanmorephysics.com



Physical Sciences P2 Gr 12 38 FS/2025 
 

Chemistry Revision Book © Free State Department of Education 

QUESTION 18 (November 2022) 
18.1  The melting points of some organic compounds are given in the table below. 
 

COMPOUND IUPAC NAME MELTING POINTS (°C) 

A Propanone ̶  95,4 

B Butanone ̶  86,9 

C Pentan-2-one ̶  77,8 

D 3-methylbutanone ̶  92 
 

 18.1.1  To which homologous series do the above compounds belong?            (1) 
  The melting points of compounds A, B and C are compared. 
 18.1.2  Write down the controlled variable for this comparison.             (1) 
 The melting points of compounds C and D are compared. 
 18.1.3  Fully explain the difference in the melting points of these two compounds.          (4) 
18.2  The table below shows the results obtained from an experiment to determine the vapour pressure of 
 different STRAIGHT CHAIN primary alcohols at 300 K. 
 

ALCOHOL VAPOUR PRESSURE (kPa) 

CH3OH 16,8 

C2H5OH 7,88 

C3H7OH 2,8 

C4H9OH 0,91 

C5H11OH 0,88 

C6H13OH 0,124 
 

 18.2.1  Define the term vapour pressure.               (2) 
 18.2.2  Write down a suitable conclusion for this investigation.             (2) 
 18.2.3  Write down the IUPAC name of the alcohol with the HIGHEST boiling point.          (3) 
 18.2.4  The experiment is now repeated at 320 K. 
  Will the vapour pressure of each compound INCREASE, DECREASE or REMAIN THE  
  SAME?                  (1) 

[14] 
QUESTION 19 (June 2023) 

Learners investigate the boiling points of the four organic compounds given below. 
 

ORGANIC COMPOUND MOLECULAR MASS (g·mol-1) 

Butanone 72 

Butan-1-ol 74 

Propanoic acid 74 

2-methypropan-1-ol 74 
 

19.1  Define the term boiling point.                 (2) 
19.2  Which compound, butan-1-ol or 2-methylpropan-1-ol, will have the higher boiling point? Fully explain  
 the answer.                   (4) 
The curves P, Q, R and S below were obtained from the results of the investigation. 
X represents a specific temperature. 
 

 
19.3  Which physical property is represented by temperature X?             (1) 
19.4  Which curve (P, Q, R or S) represents: 

19.4.1  Butanone                  (1) 
19.4.2  Propanoic acid                  (1) 
19.4.3  2-methylpropan-1-ol                 (1) 

19.5  Give a reason for the answer to QUESTION 19.4.2.              (1) 
[11]  
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QUESTION 20 (November 2023) 
The relationship between boiling point and the molecular mass of aldehydes, carboxylic acids and primary 
alcohols is investigated. Curves P, R and S are obtained. All compounds used are straight chain molecules. 
 

GRAPH OF BOILING POINT VERSUS MOLECULAR MASS 

 
20.1  Define the term boiling point.                 (2) 
20.2  Write down the conclusion that can be made for curve P.             (2) 
20.3  Explain the answer to QUESTION 20.2 in terms of the structures of the compounds.          (2) 
20.4  Curve R represents the alcohols. 
 20.4.1  Which homologous series is represented by curve S?             (1) 
 20.4.2  Explain the answer to QUESTION 20.4.1 by referring to the strength of intermolecular  
  forces.                   (2) 
20.5  For curve R, write down the: 
 20.5.1  Molecular mass of the compound with a boiling point of 97 °C            (1) 
 20.5.2  IUPAC name of the compound in QUESTION 20.5.1             (2) 
20.6  Two compounds, A and B, used in this investigation have a molecular mass of 74 g∙mol-1.  
 A has a boiling point of 118 °C and B a boiling point of 142 °C. 
 Explain the difference in these boiling points by referring to the structures of these compounds.         (3) 

[15] 
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QUESTION 21 (June 2024) 
The boiling points of some organic compounds are shown in the table below. The atmospheric pressure is  
101,3 kPa. 
 

 ORGANIC COMPOUND BOILING POINT (°C) 

A CH3CH2CH2CH2Cℓ 78 

B CH3CH(CH3)CH2Cℓ 46 

C CH3CH2CH2CH2OH 118 

D CH3CH2CH2CHO X 
 

21.1 Define the term boiling point.                 (2) 
21.2  Which ONE of compounds A, B or C is mainly in the liquid phase at 100 °C?              (1) 
21.3  Explain the difference in the boiling points of compounds A and B.            (3) 
21.4  Consider the boiling points below. 
 

75 °C 120 °C 126 °C 
 

 21.4.1  Which ONE of these values represents X, the boiling point of compound D?          (1) 
 21.4.2  Fully explain the answer to QUESTION 21.4.1.              (2) 
21.5  The atmospheric pressure is now changed to 83 kPa. 
 How will the boiling points of these organic compounds be affected? Choose from INCREASE, 
 DECREASE or REMAIN THE SAME.                (1) 

[10] 
QUESTION 22 (November 2024) 
The vapour pressures of different organic compounds are determined at 20 °C. 
The vapour pressures of compounds A, B and C are NOT shown in the table. 
 

COMPOUND IUPAC NAME 
MOLAR MASS 

(g·mol-1) 
VAPOUR PRESSURE (kPa) 

AT 20 °C 

A Pentaan 72  

B 2-metielbutaan 72  

C 2,2-dimetielpropaan 72  

D Propanoësuur 74 0,32 

E Butanaal 72 12,2 
 

22.1  Define the term vapour pressure.                (2) 
22.2  The vapour pressures of compounds A, B and C are given in random order below. 
 

79 kPa 146 kPa 58 kPa 
 

 22.2.1  Write down the vapour pressure of compound C.             (1) 
 22.2.2  Fully explain your answer to QUESTION 22.2.1.             (3) 
22.3  Compounds D and E are compared. 
 22.3.1  Which compound has the lower boiling point?              (1) 
 22.3.2  Fully explain the difference in the vapour pressures between compounds D and E.         (4) 

[11] 
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ORGANIC REACTIONS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

ELIMINATION 
Alkane → alkene(s) + 

alkane with shorter chain 

  
Type of substitution: halogenation    
Reaction conditions: heat OR sunlight   
Reactants: alkane + X2 (F, Cℓ, Br, I)  
Products: haloalkane + HX 

REACTIONS OF 
ALKANES 

OXIDATION 

(COMBUSTION) 

 
Type of elimination: cracking  
Reaction conditions:  heat + high pressure OR catalyst 
Reactant: alkane  
Products:  alkene(s) + alkane / alkene + H2 

SUBSTITUTION 
Alkane → haloalkane 

2C6H14 + 19O2 → 12CO2 + 14H2O 
Alkane + oxygen → carbon dioxide + water + energy 
Reaction conditions: Burns in EXCESS oxygen 

REACTIONS OF 
ALKENES 

 
Type of addition: hydrogenation 
Reaction conditions: Pt, Pd or 
Ni as catalyst 
Reactants: alkene + H2  
Product: alkane 

 
Type of addition: halogenation 
Reaction conditions: unreactive 
solvent 
Reactants: alkene + X2  
                    (X = Cℓ, Br) 
Product: haloalkane 

Pt 

A
D

D
IT

IO
N

 

A
D

D
IT

IO
N

 

A
D

D
IT

IO
N

 

A
D

D
IT

IO
N

 

 
 

Type of addition: hydrohalogenation  
Reaction conditions: no water; 
unreactive solvent 
Reactants: alkene + HX (X = I, Br, Cℓ) 
Product(s): haloalkane(s) 
Major product: H atom bonds to the C 
atom already having the greater number of 
H atoms. 

 

 
 

Type of addition: hydration 
Reaction conditions: excess H2O; small 
amount of acid (H2SO4) as catalyst  
Reactants: alkene + H2O 
Product: alcohol(s) 
Major product: H atom bonds to the C 
atom already having the greater number of 
H atoms. 

Major product  

Major product 
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Conditions: heat 
Reactants needed:  alcohol + HX 
Primary & secondary alcohols:   
NaBr + H2SO4 used to make HBr in reaction flask 
Tertiary alcohols: water free HBr (or HCℓ)  
Products: haloalkane + H2O 

ELIMINATION 
Alcohol → alkene 

SUBSTITUTION 
Alcohol → 

 
Type of reaction: esterification Conditions: concentrated sulphuric acid as catalyst + heat       
Reactants: alcohol + carboxylic acid          Products: ester + water 

REACTIONS OF ALCOHOLS 

ESTERIFICATION 
Acid catalysed 

H2SO4 
 

 
Type of elimination: dehydration 
Conditions: dehydrating agent (H2SO4/H3PO4) + heat 
Reactants: alcohol + H2SO4 
Products: alkene(s) + H2O 
Major product:  The one where the H atom is removed 
from the C atom with the least number of H atoms  

H2SO4 

REACTIONS OF HALOALKANES 

 
Type of elimination: dehydrohalogenation 
Conditions: concentrated strong base (NaOH, KOH, LiOH) in ethanol + heat 
Reactants: haloalkane + concentrated strong base Products: alkene + NaBr + H2O 
Major product: The one where the H atom is removed from the C atom with the least number of H atoms 
(most substituted double bond forms i.e. double bond with most alkyl groups) 

 
 

Type of substitution: hydrolysis 
Conditions: dilute strong base (NaOH/KOH/LiOH) + mild heat 
Reactants: haloalkane + dilute strong base  
Products: alcohol + NaBr/KBr/LiBr 

 
Type of substitution: hydrolysis 
Conditions: excess H2O + mild heat 
Reactants: haloalkane + H2O 
Products: alcohol + HBr  

ELIMINATION  
Haloalkane → 

SUBSTITUTION 
Haloalkane → 

/ 
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TERMS AND DEFINTIONS 

Addition reaction 
A reaction in which a double bond in the starting material is broken and elements are 
added to it. 

Cracking 
The chemical process in which longer chain hydrocarbon molecules are broken 
down to shorter more useful molecules. 

Dehydration  Elimination of water from a compound usually such as an alcohol. 

Dehydrohalogenation The elimination of hydrogen and a halogen from a haloalkane. 

Elimination reaction 
A reaction in which elements of the starting material are “lost” and a double bond is 
formed. 

Esterification The preparation of an ester from the reaction of a carboxylic acid with an alcohol. 

Halogenation The reaction of a halogen (Br2, Cℓ2) with a compound. 

Hydration The addition of water to a compound. 

Hydrogenation The addition of hydrogen to an alkene 

Hydrohalogenation The addition of a hydrogen halide to an alkene. 

Hydrolysis  The reaction of a compound with water. 

Substitution reaction 
A reaction in which an atom or a group of atoms in a molecule is replaced by another 
atom or group of atoms. 

 
 
 
 
 
 

 

 
 
  

SUMMARY OF ORGANIC REACTIONS 

 Reaction name Reactants 
Reaction 

conditions 
Products 

S
u

b
s
ti

tu
ti

o
n

 Halogenation alkane + halogen hf/∆ haloalkane + hydrogenhalide 

Hydrolysis  

haloalkane + base 
(NaOH/KOH) 

• DILUTE strong 
base 

• Mild heat 

alcohol + halide salt 

haloalkane + water 
• Add water 

• Mild heat 
alcohol + hydrogen halide 

Substitution alcohol + hydrogen halide No water  haloalkane + water 

A
d

d
it

io
n

 

Hydration alkene + water Concentrated H2SO4 alcohol 

Hydrogenation alkene + hydrogen 
Pt, Pd, Ni; dissolved 
in non-polar solvent  

alkane 

Halogenation alkene + halogen 
Room temperature 
and pressure (no 
catalyst needed) 

haloalkane 

Hydrohalogenation alkene + hydrogen halide no water haloalkane 

E
li
m

in
a
ti

o
n

 

Cracking alkanes 

High temperature 
 
OR 
Catalyst 

alkene + hydrogen/ 
alkane +alkene 
OR 
alkane + alkene 

Dehydrohalogenation 
haloalkane + base 
(NaOH/KOH) 

• CONCENTRATED 
strong base 

• Heat 

alkene + salt + water 

Dehydration alcohol 
• Concentrated 

H2SO4 

• Heat 

alkane + water 
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WORKED EXAMPLES 
EXAMPLE 1 (March 2015) 
In the flow diagram below, but-1-ene is used as starting material in the preparation of compound A. 
 

 
 
 
 
 
 
 
 
 
1.1 Is but-1-ene a SATURATED or UNSATURATED compound? Give a reason for the answer.        (2) 
 Answer: Unsaturated  

   Contains a double bond / multiple bonds between C atoms.        
1.2 Compound A is the major product formed in reaction 1. Write down the: 
 1.2.1 Structural formula of compound A              (2) 
  Answer: 
 
 
 
 
 
 
 1.2.2 Type of reaction that takes place              (1) 
  Answer: Addition / hydration  
1.3 For compound B, write down the: 
 1.3.1 IUPAC name                 (2) 
  Answer: 2-chlorobutane  
 1.3.2 Structural formula of the positional isomer             (2) 
  Answer: 
 
 
 
 
 
1.4 For reaction 3, write down: 
 1.4.1 TWO reaction conditions needed              (2) 
  Answer: H2O   OR   dilute NaOH / KOH    
 Mild heat  
 1.4.2 The type of reaction that occurs               (1) 
  Answer: Substitution / hydrolysis  
 1.4.3 A balanced equation, using molecular formulae             (3) 
  Answer:  C4H9Cℓ + NaOH  → C4H10O + NaCℓ       bal.   
 OR   C4H9Cℓ + H2O  → C4H10O + HCℓ          bal.   

     [15] 
EXAMPLE 2 (June 2021) 

2.1 The flow diagram below shows the conversion of propane to propan-2-ol. 

 
 2.1.1  State ONE reaction condition for Step 1.              (1) 
  Answer: Heat/sunlight  
 2.1.2  Write down the NAME or FORMULA of the INORGANIC product formed in Step 1.        (1) 
  Answer: HBr/hydrogen bromide  
 2.1.3  Name the TYPE of substitution reaction represented by Step 2.           (1) 
  Answer: Hydrolysis  
  

 
C C C CH

H

H

H

H

O

H

H

H

H

H

 

C C C CH

Cl

H

H

H

H

H

H

H

H

HCℓ Compound A 

Compound B 

reaction 1 

reaction 2 

reaction 3 

H2O; H2SO4 
CH3 ― CH2 ― CH = CH2  
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 2.1.4  Write down the NAME or FORMULA of the INORGANIC reagent needed in Step 2.         (1) 
 Answer: H2O/water  
  OR 
  NaOH/KOH/LiOH/sodium hydroxide/potassium hydroxide/lithium hydroxide 
 2.1.5  Write down the IUPAC name of compound X.              (2) 
  Answer: 2-bromopropane  
2.2 Ethane can be prepared from chloroethane (CH3CH2Cℓ) by a TWO-STEP process. You are supplied  
 with the following chemicals: 
 

H2 HCℓ Cℓ2 H2O Pt ethanol 
concentrated 

H2SO4 
concentrated 

NaOH 
 

Select chemicals in the table above that can be used for this preparation. Using CONDENSED  
 structural formulae, write down a balanced equation for EACH reaction. Indicate the reaction 
 conditions for EACH reaction.                 (8) 
 Answer:   
 

 CH3CH2Cℓ  +  conc. NaOH                  CH2CH2  + NaCℓ  +  H2O  
 
 CH2CH2 + H2                     CH3CH3  
 

 Marking criteria 

• React chloroethane with conc. NaOH.  

• Indicate heat/Δ and ethanol on the arrow./Dui hitte/Δ en etanol op die pyl aan.  

• Correct condensed formula for ethene as product.  

• Product NaCℓ  

• Product H2O  

• React ethene with H2.  

• Indicate Pt on the arrow.  

• Correct condensed formula of ethane as product.  
[14] 

EXAMPLE 3 (March 2017) 
The flow diagram below shows how an alkene can be used to prepare other organic compounds. The letters  
A to G represent different organic reactions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.1 Write down the type of reaction represented by: 
 3.1.1 A           (1) 
  Answer: Addition/hydrogenation  
 3.1.2 B           (1) 
  Answer: Substitution/halogenation/chlorination  
 3.1.3 E           (1) 
   Answer: Elimination/dehydration  
3.2 Write down the IUPAC name of compound X.           (2) 
 Answer: 2-bromopropane  
  

Pt  

∆ 
 

Ethanol 

Downloaded from Stanmorephysics.com



Physical Sciences P2 Gr 12 46 FS/2025 
 

Chemistry Revision Book © Free State Department of Education 

3.3 For reaction D, write down: 
 3.3.1 The type of elimination reaction               (1) 
  Answer: Dehydrohalogenation/Dehydrobromination  
 3.3.2 TWO reaction conditions           (2) 
  Answer: ANY TWO OF Strong base  / Concentrated base  / Strongly heated or hot base 
3.4 Write down the:   
 3.4.1 FORMULA of an inorganic reactant needed for reaction F           (1) 
  Answer: H2O/NaOH/KOH  
 3.4.2 Balanced equation, using structural formulae, for reaction G           (4) 
  Answer: 

 
 

 
 

 
    [13] 

 
TYPICAL QUESTIONS 

QUESTION 1 (November 2014) 
The flow diagram below shows the preparation of an ester using prop-1-ene as a starting reagent. P, Q, R  
and S represent different organic reactions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.1 Write down the type of reaction represented by: 
 1.1.1 Q                  (1) 
 1.1.2 R                  (1) 
1.2 For reaction P write down the: 
 1.2.1 Type of addition reaction                (1) 
 1.2.2 Balanced equation using structural formulae             (3) 
1.3 Write down the structural formula of the haloalkane formed in reaction Q.           (2) 
1.4 In reaction S propan-1-ol reacts with ethanoic acid to form the ester. For this reaction write down the: 
 1.4.1 Name of the reaction that takes place              (1) 
 1.4.2 FORMULA or NAME of the catalyst needed             (1) 
 1.4.3 Structural formula of the ester formed              (2) 
 1.4.4 IUPAC name of the ester formed              (2) 
1.5 The propan-1-ol formed in reaction R can be converted to prop-1-ene. Write down the FORMULA  

or NAME of the inorganic reagent needed.              (1) 
[15] 

  

Ester 

Propan-1-ol 

Propane Haloalkane 
Q 

R 

S 

Prop-1-ene 
P 

Cℓ2 

  
 

 
C C C 

H H H 

H H + H−Cℓ C C C H 

H H H 

H + H    O 

H H O H H Cℓ H 

H 
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QUESTION 2 (June 2015)  
Consider the incomplete equations of two reactions below. X represents the organic product formed in  
reaction 1, which is a SUBSTITUTION REACTION. In reaction 2, X reacts with reactant Y as shown. 
 
 
 
 
 
 
2.1 Consider reaction 1. Write down the: 
 2.1.1 Type of substitution reaction that takes place             (1) 
 2.1.2 TWO reaction conditions               (2) 
 2.1.3 IUPAC name of compound X               (1) 
2.2 Consider reaction 2. Write down the:  
 2.2.1 Type of reaction that takes place               (1) 
 2.2.2 Structural formula of compound Y              (2) 
 2.2.3 IUPAC name of the organic product              (2) 

[9] 
QUESTION 3 (November 2015) 

3.1  The flow diagram below shows two organic reactions. The letter P represents an organic compound. 
 
 
 
 
 
 
 
 
 Use the information in the flow diagram to answer the questions that follow. Write down the: 
 3.1.1 Type of reaction of which Reaction 1 is an example            (1) 
 3.1.2 STRUCTURAL FORMULA of the functional group of ethyl propanoate          (1) 
 3.1.3 IUPAC name of compound P               (1) 
 Reaction 2 takes place in the presence of an acid catalyst and heat. Write down the: 
 3.1.4 Type of reaction of which Reaction 2 is an example            (1) 
 3.1.5 NAME or FORMULA of the acid catalyst              (1) 
 3.1.6 STRUCTURAL FORMULA of the alkene              (2) 

[7] 
QUESTION 4 (March 2016) 
The flow diagram below shows different organic reactions using CH2 = CH2 as the starting reactant. X and Z 
represent different organic compounds. 
 
 
 
 
 
 
 

4.1 For Reaction 1, write down the:  
 4.1.1 IUPAC name of compound X               (2) 
 4.1.2 Type of addition reaction of which this is an example            (1) 
4.2 During Reaction 2, compound X reacts with excess hot water. Write down the: 
 4.2.1 STRUCTURAL FORMULA of compound Z             (2) 
 4.2.2 NAME or FORMULA of the INORGANIC product             (1) 
4.4 Reaction 3 is an addition reaction. 
 4.4.1 Is C2H6 a SATURATED or an UNSATURATED compound? Give a reason for the answer.       (2) 
 4.4.2 Write down the NAME or FORMULA of the INORGANIC reactant needed for this reaction.       (1) 
 4.4.3 Using molecular formulae, write down a balanced equation for the complete combustion of  
  C2H6.                  (3) 

[12] 
  

CH2 = CH2 

X Z 

 + HCℓ Reaction 1 

Reaction 2 

C2H6 
Reaction 3 

Alcohol  P Ethyl propanoate 

Reaction 2 

+ 

Alkene 

Reaction 1 

Reaction 1:   C2H5Br     NaBr  +  X 
 

strong base 

Reaction 2:   X + Y                                               C3H6O2  +  H2O 
 

Concentrated H2SO4  
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QUESTION 5 (June 2016) 

The flow diagram below shows how prop-1-ene can be used to prepare other organic compounds.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.1 Write down the type of reaction represented by: 
 5.1.1 A                  (1) 
 5.1.2 D                  (1) 
 5.1.3 F                  (1) 
5.2 Write down the:  
 5.2.1 NAME or FORMULA of the catalyst needed for reaction A           (1) 
 5.2.2 NAME or FORMULA of the inorganic reagent needed for reaction B          (1) 
 5.2.3 Type of addition reaction represented by reaction C            (1) 
 5.2.4 IUPAC name of compound X               (2) 
5.3 Use structural formulae to write down a balanced equation for reaction B.           (5) 
5.4 Both reactions D and E take place in the presence of a strong base. State TWO conditions that will 
 favour reaction D over reaction E.               (2) 

    [15] 
QUESTION 6 (November 2016) 

Butane (C4H10) is produced in industry by the THERMAL cracking of long-chain hydrocarbon molecules, as  
shown in the equation below. X represents an organic compound that is produced. 

C10H22  →  X + C4H10 
6.1 Write down: 
 6.1.1 ONE condition required for THERMAL cracking to take place           (1) 
 6.1.2 The molecular formula of compound X              (1) 
 6.1.3 The homologous series to which compound X belongs            (1) 
6.2  A mixture of the two gases, compound X and butane, is bubbled through bromine water, Br2(aq), in a 
 conical flask, as illustrated. THE REACTION IS CARRIED OUT IN A DARKENED ROOM. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The colour of the bromine water changes from reddish brown to colourless when the mixture of  
the two gases is bubbled through it. Which ONE of the gases (X or BUTANE) decolorises the  
bromine water? Explain the answer.               (4) 

  

Syringe  

Br2(aq) 

     X and C4H10 

A 

propane 

prop-1-ene 
alcohol 

(major product) 
compound X 

(major product) B 

C D 

HBr 

E 

F 

Downloaded from Stanmorephysics.com



Physical Sciences P2 Gr 12 49 FS/2025 
 

Chemistry Revision Book © Free State Department of Education 

6.3 Study the flow diagram below, which represents various organic reactions, and answer the  
questions that follow.  

 
 
 
 
 
 
 
 
 
 
 
 Write down the: 
 6.3.1 IUPAC name of compound P               (2) 

 6.3.2 Type of reaction labelled I               (1) 

 6.3.3 Structural formula of compound Q              (2) 
 6.3.4 The type of addition reaction represented by reaction III            (1) 

    [13] 
QUESTION 7 (June 2017) 
Consider the reactions represented in the flow diagram below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Write down the: 
7.1 Type of reaction represented by reaction 1              (1) 
7.2 NAME or FORMULA of the inorganic reactant needed for reaction 1           (1) 
7.3 Type of alcohol (PRIMARY, SECONDARY or TERTIARY) of which alcohol A is an example        (1) 
7.4 Type of reaction represented by reaction 2              (1) 
7.5 IUPAC name of compound B                (2) 
7.6 Type of addition reaction represented by reaction 3             (1) 
7.7 Balanced equation for reaction 3 using structural formulae            (4) 

 [11] 
  

II 

III 
Butane 
C4H10 

 chlorination 

I 

Compound Q 
(major product) 

concentrated 
NaOH 

CH3CH2CHCH3 

OH 

Compound P 

reaction 1 

Alcohol A 
Compound B 
(An alkene) C4H8Br2 

reaction 3 

reaction 2 

concentrated 

H2SO4 

CH3 C CH3 

Br 

CH3 
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QUESTION 8 (November 2017) 
The flow diagram below shows how an alcohol (compound P) can be used to prepare other organic compounds. 
The letters A to E represent different organic reactions. X, Y and Z are organic compounds. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8.1 Is compound P a PRIMARY, SECONDARY or TERTIARY alcohol? Give a reason for the answer.        (2) 
8.2 Write down the type of: 
 8.2.1 Elimination reaction represented by A              (1) 
 8.2.2 Addition reaction represented by B              (1) 
 8.2.3 Elimination reaction represented by D              (1) 
8.3 Sodium hydroxide is used as one of the reactants in reaction C.  
 8.3.1 What type of reaction takes place here?               (1) 
 8.3.2 State the TWO reaction conditions for this reaction.             (2) 
 8.3.3 Write down the IUPAC name of compound X.              (2) 
8.4 Write down the FORMULA of an inorganic reactant needed for reaction D.           (1) 
8.5 Using STRUCTURAL FORMULAE, write down a balanced equation for reaction E.          (3) 
8.6 Write down the IUPAC name of compound Z.               (1) 

   [15] 
QUESTION 9 (June 2018) 

Propan-1-ol can undergo a number of organic reactions, as indicated by the letters A to D in the diagram below. 
 

 
 

9.1 Write down the type of reaction represented by:  
 9.1.1 A                  (1) 
 9.1.2 B                  (1) 
 9.1.3 C                  (1) 
 9.1.4 D                  (1) 
9.2 For reaction C, write down the:  
 9.2.1 Function of H2SO4                (1) 
 9.2.2 IUPAC name of the organic product               (2) 
 9.2.3 Structural formula of the other organic reactant              (2) 
9.3 Use STRUCTURAL FORMULAE for all organic reactants and products to write a balanced equation  
 for reaction A.                   (5) 

    [14] 
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QUESTION 10 (November 2018) 

A test tube containing a straight chain organic acid X, ethanol and a catalyst is heated in a water bath, as 
illustrated. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Organic compound Y is produced according to the following equation: X + C2H5OH ⟶ Y + H2O 
 

10.1 Give a reason why the test tube is heated in a water bath instead of directly over the flame.         (1) 
10.2 Write down the:  
 10.2.1 Type of reaction that takes place here               (1) 
 10.2.2 FORMULA of the catalyst needed               (1) 
 10.2.3 Homologous series to which compound Y belongs             (1) 
 

The molecular mass of compound Y is 144 g∙mol-1 and its empirical formula is C4H8O.  
 

10.3 Determine the molecular formula of compound Y.               (2) 
10.4 Write down the IUPAC name of compound Y.               (2) 
10.5 Write down the structural formula of the organic acid X.              (2) 

   [10] 
QUESTION 11 (November 2018) 
11.1  Three reactions of organic compounds from the same homologous series are shown below. 
 

 
 

 11.1.1 Define a homologous series.                (2) 

 11.1.2 Name the type of reaction represented by I.              (1) 

 11.1.3 Write down the formula of the inorganic compound P.             (1) 
 11.1.4 Give the structural formula of a POSITIONAL isomer of 2-bromobutane.           (2) 

 11.1.5 Using molecular formulae, write down a balanced equation for reaction II.          (3) 

 Reaction III is an example of a cracking reaction. 
 11.1.6 Define a cracking reaction.                (2) 
 11.1.7 Give the structural formula of organic compound Q.             (2) 
 

11.2 Study the flow diagram below. 
 

 
 

 11.2.1 Write down the IUPAC name of compound R.              (2) 
 11.2.2 Compound R reacts in the presence of concentrated phosphoric acid to form an alkene.  
  Write down the structural formula of the MAJOR PRODUCT in this reaction.          (2) 

[17] 
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QUESTION 12 (June 2019) 

Propan-1-ol undergoes two different reactions, as shown in the diagram below.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Write down the: 
12.1 Type of reaction represented by reaction 2              (1) 
12.2 Function of concentrated H2SO4 in reaction 2              (1) 
12.3 IUPAC name of compound X                 (2) 
12.4 STRUCTURAL FORMULA of compound Y              (2) 
12.5 Type of reaction represented by reaction 3              (1) 
12.6 IUPAC name of compound Z                (2) 

[9] 
QUESTION 13 (November 2019) 

The flow diagram below shows how compound A can be used to prepare other organic compounds. The 
numbers I, II, III and IV represent different organic reactions. Use the information in the flow diagram to  
answer the following questions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
13.1 Name the homologous series to which compound A belongs.            (1) 
13.2 Write down the TYPE of reaction represented by: 
 13.2.1 I          (1) 
 13.2.2 III          (1) 
 13.2.3 IV          (1) 
13.3 Consider reaction III.  

Write down the: 
 13.3.1 TWO reaction conditions for this reaction             (2) 
 13.3.2 IUPAC name of the primary alcohol that is formed            (2) 
13.4 Draw the STRUCTURAL FORMULA for compound B.           (2) 
13.5 Consider reaction IV. Write down the: 

13.5.1 Structural formula of organic compound C             (2) 
13.5.2 NAME or FORMULA of the catalyst that is used             (1) 

[13] 
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QUESTION 14 (November 2020) 

The flow diagram shows how various organic compounds can be prepared using compound P as starting 
reagent. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
14.1 Write down the meaning of the term hydrohalogenation.             (2) 
14.2 Write down the STRUCTURAL FORMULA of compound Q.            (2) 

14.3 Reaction I is an elimination reaction. Write down the: 

14.3.1 TYPE of elimination reaction               (1) 
14.3.2 MOLECULAR FORMULA of compound P             (1) 

14.4 Write down the IUPAC name of compound R.              (2) 
14.5 For the HYDROLYSIS REACTION, write down the: 

14.5.1 Balanced equation using structural formulae             (5) 
14.5.2 TWO reaction conditions               (2) 

[15] 
QUESTION 15 (September 2021) 

15.1  The flow diagram below shows various organic reactions using propane as starting reactant.  
 R, T and U represent different organic compounds. Compound T is a CARBOXYLIC ACID and 
 compound U is a FUNCTIONAL ISOMER of pentanoic acid. 

 
 Write down the NAME of the type of reaction represented by: 
 15.1.1  Reaction 1                  (1) 
 15.1.2  Reaction 2                  (1) 
 Consider reaction 1 and reaction 2. 
 15.1.3  Write down the IUPAC name of compound R.              (2) 
 Reaction 3 takes place in the presence of a catalyst and heat. Write down the: 
 15.1.4  NAME or FORMULA of the catalyst               (1) 
 15.1.5  IUPAC name of compound T                (2) 
 15.1.6  STRUCTURAL FORMULA of compound U              (2) 
15.2  A laboratory technician wants to prepare but-2-ene using but-1-ene as starting reagent, as shown  
 below. 

 
 
 
 The following chemicals are available in the laboratory: 
 

concentrated H2SO4 H2O concentrated NaOH 
 

 Select the chemicals required to design this preparation from the list above. For EACH step of the 
 preparation, write down the balanced equation, using STRUCTURAL FORMULAE for all organic 
 compounds. Indicate the chemicals needed in each step.             (6) 

 [15] 
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QUESTION 16 (November 2021) 

16.1 Compound P is used as a starting reactant in each of two reactions as shown in the flow diagram below. 
 
 
 
 
 
 
 
 
 
 
 
 

 I, II and III represent organic reactions. 
 

 16.1.1  Name the type of reaction represented by I.              (1) 
 16.1.2  Is 2-methylbutan-1-ol a PRIMARY, SECONDARY or TERTIARY alcohol? 
  Give a reason for the answer.                     (2) 
 16.1.3  Write down the STRUCTURAL FORMULA of compound P.            (3) 
 16.1.4  Name the type of reaction represented by II.              (1) 
 16.1.5  To which homologous series does compound Q belong?             (1) 
 16.1.6  Name the type of reaction represented by III. Choose from ADDITION, ELIMINATION or  
  SUBSTITUTION.                 (1) 
 16.1.7  Write down the IUPAC name of compound R.              (2) 
 

16.2 1,2-dibromopropane can be prepared from but-2-ene by a three-step process as shown in the flow 
 diagram below. 

 
 16.2.1  Using CONDENSED STRUCTURAL FORMULAE, write down a balanced equation for  
  step 1. Indicate the reaction conditions on the arrow.             (4) 
 16.2.2  Write down the type of reaction in step 2.              (1) 
 16.2.3  Write down the IUPAC name of compound B.              (2) 
 16.2.4 Using CONDENSED STRUCTURAL FORMULAE, write down a balanced equation  
  for step 3.                 (3) 

[21] 
QUESTION 17 (June 2022) 

17.1  Study the following incomplete equations for organic reactions I and II. 
 Compounds P and Q are ORGANIC compounds, and T is an INORGANIC compound. 

 
 For reaction I, write down the: 
 17.1.1  Type of reaction that takes place               (1) 
 17.1.2  IUPAC name of compound P                (2) 
 17.1.3  NAME or FORMULA of compound T               (1) 
 For reaction II, write down: 
 17.1.4  TWO reaction conditions needed               (2) 
 17.1.5  The STRUCTURAL FORMULA of compound Q              (2) 
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17.2  The cracking of a long chain hydrocarbon, C10H22, takes place in test tube A, as shown below. 

 
 Two STRAIGHT CHAIN organic compounds, X and Z, are produced in test tube A according to the 
 following balanced equation:  

C10H22(ℓ)  →  2X(g) + Z(g) 
 

 17.2.1 State the function of the Aℓ2O3(s) in test tube A.              (1) 
 

 The organic compounds, X and Z, are now passed through bromine water, Br2(aq), at room  
 temperature in test tube B. Only compound X reacts with the bromine water. 
 

 17.2.2  Apart from gas bubbles being formed, state another observable change in test tube B.         (1) 
 17.2.3  Write down the TYPE of reaction that takes place in test tube B.            (1) 
 17.2.4  Write down the molecular formula of compound Z.             (3) 
 17.2.5  Write down the STRUCTURAL FORMULA of compound X.            (3) 

[17] 
QUESTION 18 (November 2022) 

The flow diagram below shows how compound A can be used as a starting reactant to prepare two different 
compounds. 
I, II and III represent three organic reactions. 

 
18.1  Is compound A a PRIMARY, SECONDARY or TERTIARY haloalkane? Give a reason for the answer.  (2) 

18.2  Consider reaction I. 

 18.2.1  Besides heat, write down the other reaction condition needed.            (1) 
 18.2.2  Write down the type of reaction that takes place.              (1) 
 18.2.3  Using STRUCTURAL FORMULAE for the organic compounds, write down a balanced  
  equation for the reaction.                (5) 

18.3  Consider reaction II. 

 Write down the: 
 18.3.1  STRUCTURAL FORMULA of compound C              (2) 
 18.3.2 NAME or FORMULA of the inorganic reagent needed             (1) 
 18.3.3  Type of addition reaction that takes place              (1) 

18.4  Consider reaction III. 

 18.4.1  Write down of the type of reaction that takes place.             (1) 
 18.4.2  Besides heat, write down the other reaction condition needed.            (1) 

[15] 
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QUESTION 19 (June 2023) 

19.1  The flow diagram below shows different organic reactions. 
 P, Q and R are organic compounds. 

 
 Reaction 1 is an addition reaction. Write down: 

19.1.1  The TYPE of addition reaction                (1) 
19.1.2  ONE observable change which occurs in the container during the reaction          (1) 
19.1.3  The STRUCTURAL FORMULA of compound Q              (2) 

 Consider reaction 2. 
19.1.4  Write down the IUPAC name of compound R.              (2) 

 For reaction 3, write down: 
19.1.5  A balanced equation using STRUCTURAL FORMULAE for the organic compounds         (6) 
19.1.6  The IUPAC name of alcohol P                (2) 

 Reaction 4 is an elimination reaction. 
19.1.7  Write down the TYPE of elimination reaction.              (1) 

19.2  Butan-1-ol reacts with propanoic acid in the presence of a catalyst. Write down the: 
19.2.1  TYPE of reaction that takes place               (1) 
19.2.2  IUPAC name of the organic product formed              (2) 

[18] 
QUESTION 20 (November 2023) 
20.1  Consider the cracking reaction below. 

C16H34  →  C6H14 + C6Hx + 2CyHz 
 20.1.1  Define cracking.                 (2) 
 20.1.2  Write down the values represented by x, y and z in the equation above.           (3) 
 

 Compound C6H14 undergoes complete combustion. 
 

 20.1.3  Using MOLECULAR FORMULAE, write down the balanced equation for this reaction.         (3) 
 
20.2  Consider the equations for reactions I to III below. 
 A and B represent organic compounds that are POSITIONAL ISOMERS. X is an inorganic product. 
 
 
 
 
 
 
 
 

 Write down the: 
 20.2.1  Definition of positional isomers                (2) 
 20.2.2  Type of reaction represented by reaction I              (1) 
 20.2.3  STRUCTURAL formula of compound B               (3) 
 20.2.4  Formula of X                  (1) 
 20.2.5  Inorganic reagent for reaction lll                (1) 
 

 Compound A can be converted directly to the organic product of reaction lll. 
 

 20.2.6  Besides heat, write down the reaction condition needed for this conversion.          (1) 
 20.2.7  Write down TWO terms that describe this type of reaction.            (2) 

[19] 
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QUESTION 21 (June 2024) 
21.1  In an experiment, a test tube containing methanol, propanoic acid and a catalyst is heated in a water 
 bath. 

 
 Write down: 
 21.1.1  The NAME or FORMULA of the catalyst               (1) 
 21.1.2  The type of reaction taking place               (1) 
 21.1.3  TWO reasons why the use of a water bath is preferred in this experiment           (2) 
 21.1.4  The balanced equation for this reaction using STRUCTURAL FORMULAE          (5) 
 21.1.5  The IUPAC name of the organic product for this reaction             (2) 
21.2  Compound A, a six-carbon branched haloalkane, is used in a two-step reaction to prepare  
 compound C. Reaction 2 is an ADDITION reaction. 

 
 Write down: 
 21.2.1  The NAME or FORMULA of the inorganic reactant in reaction 2            (1) 
 21.2.2  The IUPAC name of compound B               (2) 
 21.2.3  The type of reaction represented by reaction 1             (1) 
 

 Compound B is now used in two-step reaction to prepare compound A. 
 Reaction 4 is a SUBSTITUTION reaction. 
 

 
 Write down: 
 21.2.4  The NAME or FORMULA of the catalyst used in reaction 3            (1) 
 21.2.5  The IUPAC name of compound D               (2) 
 21.2.6  The type of reaction represented by reaction 3              (1) 
 21.2.7  The type of haloalkane represented by compound A (Choose from primary, secondary or  
  tertiary.)                  (1) 

[20] 
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QUESTION 22 (November 2024) 
Study the flow diagram below. 

Reaction I is a CRACKING REACTION forming two organic compounds, W and T, as the ONLY products. 

 
 

22.1 Define the term cracking reaction.               (2) 

22.2 Is the product in reaction II a PRIMARY, SECONDARY or TERTIARY haloalkane? Give a reason for  

 the answer.                  (2) 
22.3 Write down the: 
 22.3.1 STRUCTURAL FORMULA of compound W             (3) 
 22.3.2 MOLECULAR formula of compound U              (1) 

22.4 For reaction II, write down: 

 22.4.1 The NAME or FORMULA of the inorganic reactant            (1) 
 22.4.2 The type of reaction (Choose from SUBSTITUTION, ADDITION or ELIMINATION.)        (1) 
 22.4.3 ONE reaction condition               (1) 

22.5 Write down the TYPE of elimination in reaction III.             (1) 

22.6 Compounds R and T are positional isomers. 

 The inorganic reagents shown below are available for reactions IV and V. 
 

Br2 H2SO4(conc.) NaOH(conc.) HBr H2 
 

 Write down: 

 22.6.1 The balanced equation for reaction IV, using STRUCTURAL FORMULAE and the correct 

  inorganic reagent shown above              (5) 

 22.6.2 The balanced equation for reaction V, using STRUCTURAL formulae and the correct  

  reagent shown above                (3) 
 22.6.3 The IUPAC name of compound T              (2) 

[22] 
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REACTION RATE AND ENERGY IN CHEMICAL REACTIONS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

ENERGY IN CHEMICAL REACTIONS 

HEAT OF REACTION (ΔH):  
The energy absorbed or 

released in a chemical reaction. 

EXOTHERMIC REACTIONS 
Reactions that release energy. 

ENDOTHERMIC REACTIONS  
Reactions that absorb energy. 

Course of reaction 
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ΔH < 0 

products 
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Course of reaction 
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ΔH > 0 

products 

reactants 

Activated complex 

Ea 

Activation energy 
The minimum energy needed for a reaction to take place. 

 

Activated complex 
The unstable transition state from reactants to products. 

EFFECT OF A CATALYST  

Catalyst 
Increases reaction rate witout 

undergoing a permanent change. 
 

Mechanism of catalyst: 
Increase reaction rate by lowering 

the total activation energy 

Reaction coordinate 

products 

reactants 

P
o

te
n

ti
a
l 

e
n

e
rg

y
 

Activation energy without 
a catalyst 

Activation energy with  
a catalyst 
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Independent variable 
The variable that is changed/manipulated during an investigation e.g. an 
increase in temperature. (It is the input.) 

Dependent variable 
The variable that changes due to a change in the independent variable e.g., 
reaction rate changes due to a change in temperature. (It is the output.) 

Controlled variable 
The variable(s) that are kept constant e.g. concentration and surface area 
are kept constant to measure the effect of temperature on reaction rate. 

Investigative question 

A question about the relationship between the dependent and independent 
variables. Must have both the independent and dependent variable and is a 
question about the relationship between them.  Example: What is the 
relationship between temperature and reaction rate? 

Hypothesis 

A prediction on the answer to the investigative question prior to the 
investigation. Must have both the independent and dependent variable and 
predict the relationship between them. 
Example: When temperature increases, reaction rate will decrease. OR 
When temperature increases, reaction rate will increase. 

Conclusion 

The conclusion is drawn after the investigation and answers the 
investigative question. Must have both the independent and dependent 
variable and state the relationship between them. 
Example: When temperature increases, the reaction rate increases. 

 
 
  

REACTION RATE 
 

Change in concentration of reactants or products per unit 
time 

FACTORS AFFECTING REACTION RATES 
 

1. The nature of reactants  

2.  Concentration – higher concentration, faster rate 

3.  Surface Area – greater surface area, faster rate 

4.  Temperature – higher temperature, faster rate 

5.  Catalyst – increases reaction rate without undergoing a permanent change 

CALCULATING REACTION RATE 
 

Determine rate 
in terms of 
products 

Rate = 
∆c

∆t
 Rate = 

∆m

∆t
 Rate = 

∆V

∆t
 Rate = 

∆n

∆t
 

Determine rate 
in terms of 
reactants 

Rate = – 
∆c

∆t
 Rate = – 

∆m

∆t
 Rate = – 

∆V

∆t
 Rate = – 

∆n

∆t
 

 
Unit of reaction rate: Any unit of the above quantities per second 
 
Examples: mol·dm-3·s-1   OR   g·s-1   OR   dm-3·s-1   OR   mol·s-1 

PRACTICAL SKILLS 
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MEASURING REACTION RATE 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

 
 
           
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

MEASURING LOSS IN MASS OF REACTANTS PER TIME 

Time 

M
a
s
s
 o

f 
fl
a
s
k
 a

n
d

  

c
o
n
te

n
ts

 (
g
) 

Steep initial gradient indicates high reaction rate;  
Gas forms fast, escapes and mass loss is high 

Gradient becomes zero; No mass 
loss – reaction completed.  

Gradient decreases as reactants are being used up 
and less mass is lost due to less gas that escapes.  

Cotton wool plug to 
stop spray loss but 
gas can escape 

Reactant e.g. HCℓ and 

CaCO3 reacting to form 
CO2 gas that escapes 

Gas 

Initial  Ongoing             Watch stopped. 
                   Cross partially visible Cross invisible 

MEASURING THE TIME FOR THE FORMATION ON AN AMOUNT OF PRECIPITATE 

Na2S2O3(aq)  
          + HCℓ(aq) 

White paper 
marked with 
cross 

• When sodium thiosulphate (Na2S2O3) reacts with HCℓ, a yellow precipitate of 

sulphur is formed. 

• The time how long it takes a certain amount of sulphur to form, is measured. 
• The reaction is observed from the top through a conical flask, viewing a black 

cross (X) on white paper. 

• The X is eventually obscured by the sulphur precipitate and the time noted. 

• The reaction can be repeated at: 
o Different temperatures (same concentration of Na2S2O3 and HCℓ), to 

measure the effect of temperature on rate  
o Different concentrations of Na2S2O3 at the same temperature to measure 

the effect of concentration on reaction rate. 

• Reaction rate is calculated as 
1

time
.  

 

• For the cross to become invisible, the same amount 
of precipitate (sulphur) is formed in each 
experiment and therefore the mass of S formed is 
the same (constant) and is represented by the 1. 

MEASURING VOLUME OF GAS RELEASED PER TIME 

Reactants 

Gas 

Gas syringe 
system 

Gas 

Gas syringe system 

Reactants react 
and release a 
gas 

Time (s) 

V
o
lu

m
e
 o

f 
g
a
s
 (

c
m

3
) 

Gradiant becomes zero – 
reaction has stopped i.e. no 
more gas is formed 

Gradiant decrease with time as reaction rate 

decrease - amount of reactants decreases 

Steepest gradient initially – fastest reaction rate 
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THE COLLISION THEORY 
 

The collision theory explains the factors influencing reaction rate. 
 

The collision theory states that for a chemical reaction to occur, the reacting particles must collide 
with one another. The rate of the reaction depends on the frequency of collisions i.e. the number of 
collisions per unit time. The theory also tells us that reacting particles often collide without reacting.  
 

For collisions to be successful or effective, reacting particles must: 

• Collide with sufficient kinetic energy 

• Have the correct orientation 

BOLTZMANN-MAXWELL DISTRIBUTION CURVE OR ENERGY DISTRIBUTION CURVE 

Some particles have very 
high kinetic energies 

Most particles have moderate 
kinetic energies 

Kinetic energy 
A few particles have very 
low kinetic energies 

N
u

m
b

e
r 

o
f 

p
a

rt
ic

le
s

 

As energy is one of the determining factors for a reaction, it is necessary to know which number of particles 
(e.g. molecules) have kinetic energies equal to or greater than the activation energy.  Particles in any 
system represent a variety of kinetic energies.  This distribution of kinetic energies can be shown on a curve 
known as the Maxwell-Boltzmann distribution curve. 

The area under the graph is a measure of the total number of particles, e.g. molecules, present. 
The magnitude of the activation energy is indicated on the Maxwell-Boltzmann distribution curve 
as a line at the specific kinetic energy.  Only a few numbers of particles have sufficient kinetic 
energy i.e. kinetic energy equal to or greater than the activation energy. Most of the particles have 
insufficient kinetic energy.   

N
u

m
b

e
r 

o
f 

p
a

rt
ic

le
s

 

The number of particles represented by this area 
under the graph does NOT have sufficient kinetic 
energy for effective collisions 

The number of particles represented by this area 
under the graph have sufficient kinetic energy 

Activation energy 

At and beyond this point particles have 
sufficient kinetic energy for effective collisions 

Kinetic energy 
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    Ea                  Kinetic energy 

T2 
More particles with Ek > Ea  

(Larger area under curve T2) 

T2 > T1 

EXPLANATIONS IN TERMS OF THE COLLISION THEORY 
 

EFFECT OF INCREASE IN TEMPERATURE ON REACTION RATE 
 

• At a higher temperature, the average KINETIC ENERGY of particles INCREASES. 

• More particles have sufficient /enough kinetic energy.  

• More effective collisions take place per unit time. 

• Reaction rate increases. 
 

Maxwell-Boltzmann distribution curve/Energy distribution curve 
 
 
 
 
 
 
 
 
 
 
 
 

 

EFFECT OF A CATALYST ON REACTION RATE 
 

• The catalyst provides a path of LOWER ACTIVATION ENERGY. 

• More particles have sufficient kinetic energy.  

• More effective collisions take place per unit time. 

• Reaction rate increases. 

 
Maxwell- Boltzmann distribution curve/Energy distribution curve 
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Kinetic energy 

Activation energy before catalyst Activation energy after catalyst 

Number of particles initially 
having sufficient kinetic energy 

Additional 
particles with 
sufficient kinetic 
energy 

Number of 
particles not 
having sufficient 
kinetic energy 
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EPLANATIONS IN TERMS OF THE COLLISION THEORY 
 

EFFECT OF INCREASE IN CONCENTRATION ON REACTION RATE 
 

• At a higher concentration, there are more particles per unit volume. 

• More collisions per unit time./More particles with correct orientation. 

• More effective collisions take place per unit time. 

• Reaction rate increases. 

 
Maxwell-Boltzmann distribution curve/Energy distribution curve 
 

 
 
 
 
 
 
 
 
 
 
 
 

EFFECT OF INCREASE IN SURFACE AREA ON REACTION RATE 
 

• With a greater surface area/state of division, more particles are exposed per unit 
volume. 

• More particles will be exposed./More collisions per unit time.  

• More effective collisions per (unit) time. 

• Reaction rate increases. 

 
Maxwell-Boltzmann distribution curve/Energy distribution curve 
Like that of concentration. 
 
 

  

  More particles will make effective collisions 
(larger area under curve A)  

A 

  

B  

Ea Kinetic energy 

A: Higher concentration 
B: Lower concentration 
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TERMS AND DEFINITIONS 

Mole 
One mole of a substance is the amount of substance having the same number of 
particles as there are atoms in 12 g carbon-12. 

Molar gas volume at 
STP 

The volume of one mole of a gas. 
(1 mole of any gas occupies 22,4 dm3 at 0 °C (273 K) and 1 atmosphere (101,3 kPa). 

Molar mass 
The mass of one mole of a substance.  
Symbol: M Unit: g∙mol-1 

Avogadro’s Law 
Under the same conditions of temperature and pressure, the same number of moles 
of all gases occupy the same volume. 

Concentration 

The amount of solute per litre/cubic decimeter of solution. 

In symbols: 
V

n
c =    Unit: mol∙dm-3 

Empirical formula The simplest positive integer ratio of atoms in a compound. 

Percentage yield 

Yield is the amount of product obtained from a reaction. 

percentage yield = 100
masscalculated

obtainedmassactual
  

Percentage purity   percentage purity = 100
sampleofmasstotal

chemicalpureofmass
  

Percentage composition 

The percentage of each of the components in a substance. 

Percentage of component = 100
componentsallofmass

componentbydcontributemass
  

Limiting reagents The substance that is totally consumed when the chemical reaction is complete. 

Heat of reaction (ΔH) The energy absorbed or released in a chemical reaction. 

Exothermic reactions Reactions that release energy. (ΔH < 0) 

Endothermic reactions Reactions that absorb energy. (ΔH > 0) 

Activation energy The minimum energy needed for a reaction to take place. 

Activated complex The unstable transition state from reactants to products. 

Reaction rate 

The change in concentration of reactants or products per unit time.  

Rate at which reactants are used: Rate = ‒ 
∆c

∆t
  Unit: mol∙dm-3∙s-1 

Rate at which products are formed: Rate = 
∆c

∆t
  Unit: mol∙dm-3∙s-1 

(When calculating reaction rate, the final answer is always positive!) 

Collision theory 
A model that explains reaction rate as the result of particles colliding with a certain 
minimum energy. 

Catalyst 

A substance that increases the rate of a chemical reaction without itself undergoing a 
permanent change.  
(A catalyst increases the rate of a reaction by providing an alternative path of lower 
activation energy. It therefore decreases the net/total activation energy.) 

Factors that affect 
reaction rate 

Nature of reacting substances, surface area, concentration (pressure for gases), 
temperature and the presence of a catalyst. 
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WORKED EXAMPLES 
EXAMPLE 1 (March 2016) 

Methanol and hydrochloric acid react according to the following balanced equation: 
 

CH3OH(aq) + HCℓ(aq)  ��   CH3Cℓ(aq) + H2O(ℓ) 
 

1.1 State TWO factors that can INCREASE the rate of this reaction.            (2) 
 Answer: Increase temperature.    Increase concentration of acid.    Add a catalyst.  
1.2 Define the term reaction rate.                (2) 
 Answer: Change in concentration of products / reactants  per unit time.  
1.3 The rate of the reaction between methanol and hydrochloric acid is investigated. The concentration  
 of HCℓ(aq) was measured at different time intervals. The following results were obtained: 
 

TIME (MINUTES) HCℓ CONCENTRATION (mol∙dm-3) 

0 1,90 

15 1,45 

55 1,10 

100 0,85 

215 0,60 
 

 1.3.1 Calculate the average reaction rate, in (mol∙dm-3)∙min-1 during the first 15 minutes.         (3) 

  Answer: Ave rate = ‒ 
∆c

∆t
 = ‒ (

c(final) - c(initial)

t(final) - t(initial)
) 

                             = ‒ 
(1,45 - 1,90)

(15 - 0 )
   

      = 0,03 (mol·dm-3)·min-1  
 1.3.2 Use the data in the table to draw a graph of concentration versus time on a graph paper.      
  NOTE: The graph is not a straight line.              (3) 
  Answer: 

Graph of concentration versus time 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
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 1.3.3 From the graph, determine the concentration of HCℓ(aq) at the 40th minute.         (1) 
  Answer: 1,15 to 1,25 mol∙dm-3  

1.3.4 Use the collision theory to explain why the reaction rate decreases with time. Assume that  
the temperature remains constant.              (3) 

 Answer:  Concentration of reactants decreases.   
  Less particles per unit volume.   

  Less effective collisions per unit time.   
1.3.5 Calculate the mass of CH3Cℓ(aq) in the flask at the 215th minute. The volume of the  

reagents remains 60 cm3 during the reaction.             (5) 
  Answer: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[19] 
EXAMPLE 2 (November 2016) 
Hydrogen peroxide, H2O2, decomposes to produce water and oxygen according to the following balanced 
equation:     2H2O2(ℓ)  →  2H2O(ℓ) + O2(g) 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.1 The activation energy (EA) for this reaction is 75 kJ and the heat of reaction (ΔH) is –196 kJ. 
 2.1.1 Define the term activation energy.              (2) 
  Answer: The minimum energy needed for a reaction to take place.  
  

  0 

Course of reaction 
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 2.1.2 Redraw the set of axes alongside in your ANSWER BOOK and then complete the potential 
  energy diagram for this reaction. Indicate the value of the potential energy of the following  
  on the y-axis: 

• Activated complex 

• Products 
 (The graph does NOT have to be drawn to scale.)           (3) 

  Answer: 
 
 
 
 
 
 
 
 
 
 
                    (3) 
 

 When powdered manganese dioxide is added to the reaction mixture, the rate of the reaction increases.  
 

 2.1.3 On the graph drawn for QUESTION 2.1.2, use broken lines to show the path of the reaction 
  when the manganese dioxide is added.              (2) 
 Answer: Dotted line on graph above. 
 Marking criteria 

• Dotted line (---) on graph in Q2.1.2 showing lower energy for activated complex.  

• Dotted curve starts at/above energy of reactants and ends at/above energy of products  
on the inside of the original curve.  

 2.1.4 Use the collision theory to explain how manganese dioxide influences the rate of  
  decomposition of hydrogen peroxide.              (3) 
 Answer: A catalyst provides an alternative pathway of lower activation energy.  

  More molecules have sufficient kinetic energy.  
  More effective collisions per unit time.  
2.2  Graphs A and B below were obtained for the volume of oxygen produced over time under different 
 conditions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.2.1 Calculate the average rate of the reaction (in dm3∙s-1) between t = 10 s and t = 40 s for  
 graph A.                  (3) 

  Answer:  Ave rate =  
∆V

∆t
 = (

V(final) - V(initial)

t(final) - t(initial)
) = 

(52 - 16)

(40 - 0 )
   

          = 1,2 dm3∙s-1  

Marking criteria  

Shape of curve for exothermic 
reaction as shown. 

 

Energy of activated complex shown 
as 75 kJ in line with the peak. 

 

Energy of products shown as − 
196 kJ below the zero. 

 

IF: Wrong shape, e.g. straight line.  3
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2.2.2 Use the information in graph A to calculate the mass of hydrogen peroxide used in the  
 reaction. Assume that all the hydrogen peroxide decomposed. Use 24 dm3·mol-1 as the molar 
 volume of oxygen.                (4) 

 Answer: 

OPTION 1 

n(O2) = =   

                    = 2,5 mol  
n(H2O2) = 2n(O2) = 2(2,5)  
                  = 5 mol  

n(H2O2) = 5 =   

                   m = 170 g  

OPTION 2 
24 dm3 : 1 mol 
60 dm3 : 2,5 mol  
n(H2O2) = 2n(O2)  
             = 2(2,5)  
             = 5 mol  
34 g :  1 mol 
x         : 5 mol  
x = 170 g   
 

OPTION 3 

n(O2) =  =     = 2,5 mol  

n(O2) =  2,5 =   

                     m = 80 g 
2(34) g  H2O2 .......32 g O2 

x g H2O2 ................ 80 g O2 

m(H2O2) = 170 g  
 

2.2.3 How does the mass of hydrogen peroxide used to obtain graph B compare to that used to  
 obtain graph A? Choose from GREATER THAN, SMALLER THAN or EQUAL TO.            (1) 
 Answer: Equal to  
2.3  Three energy distribution curves for the oxygen gas produced under different conditions are shown in  
 the graph below. The curve with the solid line represents 1 mol of oxygen gas at 90 °C. 

 
 
 
 
 
 
 
 
 
 
 
 

Choose the curve (P or Q) that best represents EACH of the following situations: 
 2.3.1 1 mol of oxygen gas produced at 120 °C               (1) 
  Answer: Q  
 2.3.2 2 moles of oxygen gas produced at 90 °C              (1) 
  Answer: P  

    [20] 
EXAMPLE 3 (June 2018) 
Two experiments are carried out to investigate one of the factors that affects the reaction rate between 
magnesium and dilute hydrochloric acid. The reaction that takes place is represented by the following  
balanced equation: Mg(s) + 2HCℓ(aq) → MgCℓ2(aq) + H2(g) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In experiment 1 a certain mass of magnesium ribbon reacts with excess dilute hydrochloric acid.  
In experiment 2 magnesium powder of the same mass as the magnesium ribbon, reacts with the same volume 
of excess dilute hydrochloric acid. The concentration of the acid is the same in both experiments. 
3.1 Define reaction rate.                 (2) 
 Answer: Change in concentration of products/reactants per (unit) time.   

mV

V

24

60

M

m


34

m



mV

V

24

60

M

m


32

m



P 

Kinetic energy 

N
u

m
b

e
r 

o
f 

m
o

le
c
u

le
s

 

Q 

 

 

 

 

Downloaded from Stanmorephysics.com



Physical Sciences P2 Gr 12 70 FS/2025 
 

Chemistry Revision Book © Free State Department of Education 

3.2 For this investigation, write down the:  
 3.2.1 Independent variable                 (1) 
  Answer: Surface area/State of division   
 3.2.2 Controlled variable                 (1) 

 Answer: Amount/mass of magnesium   OR  Concentration of HCℓ/acid  
 OR  Initial temperature 

 

The change in mass of magnesium is calculated and recorded in 2-minute intervals for both experiments. The 
results obtained are shown in the graph alongside (NOT drawn to scale).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.3 Use the information on the graph to:  
 3.3.1 Calculate the volume of hydrogen gas produced in experiment 1 from t = 2 minutes to  

 t = 10 minutes. (Take the molar gas volume as 25 dm3∙mol-1.)            (5) 
  Answer: 

OPTION 1 
△m(Mg) = 2,6 - 0,2  = 2,4 g  

n(Mgused) = 
m

M
 =  

2,4

24
  = 0,1 mol 

 
n(H2) = n(Mg) = 0,1 mol  
V(H2) = nVm  = (0,1)(25)  = 2,5 dm3  

OPTION 2 

n(Mg)t = 2 s = 
m

M
 = 

2,6

24
 = 0,1083 mol 

n(Mg)t = 10 s = 
0,2

24
 = 0,0083 mol 

△n(Mg) = 0,1083 - 0,0083  = 0,1 mol 

n(H2) = n(Mg) = 0,1 mol  
V(H2) = nVm  = (0,1)(25)  = 2,5 dm3  

                    (5) 
 3.3.2 Calculate the initial mass of magnesium used if the average rate of formation of hydrogen  

gas in experiment 2 was 2,08 x 10-4 mol·s-1.  
  Answer: 

  Ave rate =  
∆n

∆t
 = (

∆n

t(final) - t(initial)
)  

  ∴ 2,08 x 10-4  = 
Δn

(10 × 60) - 0 )
   ∴ △n = 0,125 mol 

  
 n(Mg) = n(H2) = 0,125 mol    
 m(Mg) = nM = 0,125 x 24  = 3 g   (2,995 g)          (5) 
3.4 Use the collision theory to explain why the curve of experiment 2 is steeper than that of  

experiment 1.                  (3) 
   Answer: Larger surface area/state of division.  
     More particles per unit volume.  

  More effective collisions per (unit) time./Frequency of effective collisions increases.   

[17] 

  

 
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TYPICAL QUESTIONS 
QUESTION 1 (November 2014)   
1.1 Define the term reaction rate in words.               (2) 
 

Learners use the reaction between IMPURE POWDERED calcium carbonate and excess hydrochloric acid 
to investigate reaction rate. The balanced equation for the reaction is:  

CaCO3(s) + 2HCℓ(aq) → CaCℓ2(aq) + H2O(ℓ) + CO2(g) 
 

They perform four experiments under different conditions of concentration, mass and temperature as shown 
in the table below. They use identical apparatus in the four experiments and measure the volume of gas  
released in each experiment. 

 EXPERIMENT 

1 2 3 4 

Concentration of acid (mol·dm-3) 1 0,5 1 1 

Mass of impure calcium carbonate (g) 15 15 15 25 

Initial temperature of acid (°C) 30 30 40 40 
 

1.2 The results of experiments 1 and 3 are compared in the investigation. Write down the: 
 1.2.1 Independent variable                (1) 
 1.2.2 Dependent variable                (1) 
1.3 Use the collision theory to explain why the reaction rate in experiment 4 will be higher than that in 

experiment 3.                  (3) 
The learners obtain graphs A, B, C and D below from their results. 
 
 
 
 
 
 
 
 
 
 
 
 
1.4 Which ONE of the graphs (A, B, C or D) represents experiment 1? Fully explain the answer by 
 comparing experiment 1 with experiments 2, 3 and 4.             (6) 
1.5 When the reaction in experiment 4 reaches completion, the volume of gas formed is 4,5 dm3.  
 Assume that the molar gas volume at 40 °C is equal to 25,7 dm3. Calculate the mass of the impurities 
 present in the calcium carbonate. (Answer: 7,00 g)              (5) 

[18] 
QUESTION 2 (March 2015) 

A group of learners uses the reaction of EXCESS hydrochloric acid (HCℓ) with zinc (Zn) to investigate factors  
which influence reaction rate. The balanced equation for the reaction is: 
 

Zn(s) + 2HCℓ(aq)  →  ZnCℓ2(aq) + H2(g) 
 

They use the same volume of hydrochloric acid and 1,2 g of zinc in each of five experiments. The reaction 
conditions and temperature readings before and after completion of the reaction in each experiment are 
summarised in the table below. 
 

Experiment 

REACTION CONDITIONS 
Time 

(s) 
Concentration of 
HCℓ (mol·dm-3) 

Temperature (°C) State of division  
of the 1,2 g of Zn Before After 

1 0,5 20 34 granules 50 

2 0,5 20 35 powder 10 

3 0,8 20 36 powder 6 

4 0,5 35 50 granules 8 

5 0,5 20 34 granules 11 
 

2.1 Is the reaction between hydrochloric acid and zinc EXOTHERMIC or ENDOTHERMIC? Give a  
reason  for the answer by referring to the data in the table.             (2) 

2.2 Give a reason for the difference in reaction rate observed for Experiments 1 and 2.         (1) 
2.3 The learners compare the results of Experiments 1 and 3 to draw a conclusion regarding the effect  

of concentration on reaction rate. Give a reason why this is not a fair comparison.          (1) 
  

Time (s) 
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2.4 How does the rate of the reaction in Experiment 5 compare to that in Experiment 1? Write down 
 FASTER THAN, SLOWER THAN or EQUAL TO.   

Write down the factor responsible for the difference in the rate of reaction and fully explain, by  
referring to the collision theory, how this factor affects reaction rate.            (5) 

2.5 Calculate the rate at which the hydrochloric acid reacts in Experiment 4 in mol·s-1.  
 (Answer: 4,63 x 10-3 mol∙s-1)                (6) 

[15] 
QUESTION 3 (June 2015) 

A group of learners uses the reaction of clean magnesium ribbon with dilute hydrochloric acid to investigate 
factors that influence reaction rate. The balanced equation for the reaction is:  

Mg(s) + 2HCℓ(aq) → MgCℓ2(aq) + H2(g)      ∆H < 0 
 

3.1 Is the above reaction EXOTHERMIC or ENDOTHERMIC? Give a reason for the answer.         (2) 
3.2 In one of the experiments 5 g magnesium ribbon was added to the hydrochloric acid solution. 

3.2.1 If 30 cm3 dilute hydrochloric acid solution of concentration 1,5 mol∙dm-3 is USED UP in  
1 minute, calculate the average reaction rate in mol∙s-1.  

 (Answer: 7,5 x 10-4 mol∙s-1)                (5) 
 

The volume of hydrogen gas produced as a function of time in this experiment is represented by  
graph S below. (The graph is NOT drawn to scale.) 

 
 
 
 
 
 
 
 
 
 
 
 
 3.2.2 How does the rate of the reaction change between:  
  (Write down INCREASES, DECREASES or NO CHANGE.) 
  (a) t1 and t2 

  Use the collision theory to explain the answer.            (4) 
  (b) t2 and t3 
  Give a reason for the answer without referring to the graph.          (2) 
3.3 In another experiment they add 5 g of magnesium to 30 cm3 of dilute hydrochloric acid of  
 concentration 1,5 mol∙dm-3. They obtained graph T below. (The graph is NOT drawn to scale.) 
 
 
 
 
 
 
 
 
 
 
 Give TWO possible reasons why graph T differs from graph S.            (2) 

[15] 
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QUESTION 4 (November 2015) 

Dilute acids, indicated in the table below, react with EXCESS zinc in each of the three experiments to produce 
hydrogen gas. The zinc is completely covered with the acid in each experiment. 
 

EXPERIMENT DILUTE ACID 

1 100 cm3 of 0,1 mol∙dm-3 H2SO4 

2 50 cm3 of 0,2 mol∙dm-3 H2SO4 

3 100 cm3 of 0,1 mol∙dm-3 HCℓ 
 

The volume of hydrogen gas produced is measured in each experiment. 
4.1  Name TWO essential apparatuses needed to determine the rate of hydrogen production.          (2) 
 The graph below was obtained for Experiment 1. 

Use this graph and answer the questions that follow. 
 
4.2  At which time (t1, t2 or t3) is the: 
 4.2.1 Reaction rate the highest        (1) 
 4.2.2 Mass of zinc present in the flask the 
  smallest          (1) 
4.3 In which time interval, between t1 and t2 OR 
 between t2 and t3, does the largest volume  
 of hydrogen gas form per second?        (1) 
 
 

4.4 Redraw the graph for Experiment 1 in the ANSWER BOOK. On the same set of axes, sketch  
 the graphs that will be obtained for Experiments 2 and 3. Clearly label the three graphs as 
 EXPERIMENT 1, EXPERIMENT 2 and EXPERIMENT 3.             (4) 
4.5 The initial mass of zinc used in each experiment is 0,8 g. The balanced equation for the reaction in 
 Experiment 3 is:   Zn(s) + 2HCℓ(aq)  →  ZnCℓ2(aq) + H2(g) 
 4.5.1 Calculate the mass of zinc present in the flask after completion of the reaction in  
  Experiment 3. (Answer: 0,48 g)               (5) 

4.5.2 How will the mass of zinc present in the flask after completion of the reaction in 
Experiment 2 compare to the answer to QUESTION 4.5.1? Write down only LARGER  
THAN, SMALLER THAN or EQUAL TO.              (1) 

[15] 
QUESTION 5 (June 2016) 
The reaction between dilute hydrochloric acid and sodium thiosulphate (Na2S2O3) is used to investigate one  
of the factors that influences reaction rate. The balanced equation for the reaction is:   
 

Na2S2O3(aq) + 2HCℓ(aq)  →  2NaCℓ(aq) + S(s) + H2O(ℓ) + SO2(g) 
 
The hydrochloric acid solution is added to the sodium thiosulphate 
solution in a flask. The flask is placed over a cross drawn on a sheet  
of white paper, as shown in the diagram below. The time that it takes  
for the cross to become invisible is measured to determine the  
reaction rate. Four experiments, A to D, are conducted during this 
investigation. The volumes of reactants used in each of the four 
experiments and the times of the reactions are summarised in the  
table below. 

Experiment 
Volume of 

Na2S2O3(aq) (cm3) 
Volume of H2O(ℓ) 

(cm3) 
Volume of 

HCℓ(aq) (cm3) 
Time (s) 

A 25 0 5 50,0 

B 20 5 5 62,5 

C 15 10 5 83,3 

D 10 15 5 125,0 
 

5.1 State TWO factors that can influence the rate of the reaction above.           (2) 
5.2 Write down the NAME or FORMULA of the product that causes the cross to become invisible.        (1) 
5.3 Give a reason why water is added to the reaction mixture in experiments B to D.          (1) 
5.4 Write down an investigative question for this investigation.            (2) 
5.5 In which experiment (A, B, C or D) is the reaction rate the highest?           (1) 
5.6 Use the collision theory to explain the difference in reaction rate between experiments B and D.        (3) 
5.7 The original Na2S2O3 solution was prepared by dissolving 62,50 g Na2S2O3 crystals in distilled water  

in a 250 cm3 volumetric flask. Calculate the mass of sulphur, S, that will form in experiment D if  
Na2S2O3 is the limiting reactant.   (Answer: 0,51 g)              (7) 

[17] 
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QUESTION 6 (March 2017) 
The reaction of copper(II) carbonate with excess dilute hydrochloric acid is used to investigate the rate of 
reaction. The balanced equation for the reaction is: 

CuCO3(s) + 2HCℓ(aq)  →  CuCℓ2(aq) + H2O(ℓ) + CO2(g) 
 

The apparatus used is illustrated below. 
 
 
 
 
 
 
 
 
 
 
 
 
6.1 State TWO ways in which the rate of the reaction above can be increased.          (2) 
 
During the investigation, samples of both PURE and IMPURE copper(II) carbonate of EQUAL mass are used. 
The graphs below are obtained from the results.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6.2 Write down the reaction time for the reaction of the pure CuCO3 with HCℓ.          (1) 
6.3 Assume that all the gas formed during the two reactions escape from the flask and that the impurities  
 do not react.  
 Calculate the: 
 6.3.1 Average rate of the reaction of the pure sample over the first 20 s  
  (Answer: 0,012 g·s-1)                (3) 
 6.3.2 Percentage purity of the impure sample   
  (Answer: 81,48%)                 (4) 
 6.3.3 Maximum volume of CO2(g) produced during the reaction of the pure sample of CuCO3 if  
  the reaction takes place at STANDARD CONDITIONS (Answer: 0,137 dm3)         (3) 
6.4 Sketch a graph of the volume of gas produced versus time for the reaction of the pure CuCO3.  

Indicate the reaction time on the x-axis.               (2) 
[15] 
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QUESTION 7 (June 2017) 
The apparatus below is used to investigate one of the factors that affects the rate of decomposition of hydrogen 
peroxide, H2O2. The balanced equation for the reaction is:  2H2O2(ℓ)  →  2H2O(ℓ) + O2(g) 
 

Two experiments are conducted. The reaction conditions are as follows:  
 

Experiment I: 50 cm3 of hydrogen peroxide is allowed to decompose at 30 °C.  
 

Experiment II: 50 cm3 of hydrogen peroxide decompose at 30 °C in the presence of copper(II) oxide powder 
  (CuO). 
 
 
 
 
 
 
 
 
 
 
 
 
The results of the investigation are summarised in the table below. 
 

Experiment 
Total volume of O2(g) 

produced(dm3) 
Time taken for complete 

decomposition (min.) 

I 0,4 12,3 

II 0,4 5,8 
 

7.1 For this investigation, write down the function of the: 
 7.1.1 Graduated syringe                (1) 
 7.1.2 Copper(II) oxide                 (1) 
7.2 How will you know when the reaction is completed?             (1) 
7.3 Write down the independent variable for this investigation.            (1) 
7.4 Use the collision theory to fully explain the difference in reaction rates of experiment I and II.        (3) 
7.5 The graphs below show changes in the potential energy during the decomposition of hydrogen  
 peroxide in experiment I and experiment II. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 7.5.1 Is energy ABSORBED or RELEASED during this reaction? Give a reason for the  answer.        (2) 
 7.5.2 Which ONE of the curves, A or B, represents experiment II?           (1) 
7.6 Calculate the rate, in mol∙dm-3∙min-1, at which 50 cm3 of hydrogen peroxide decomposes in 
 experiment II. Assume that 1 mole of gas occupies a volume of 25 dm3 at 30 °C. 
 (Answer: 0,11 mol∙dm-3∙min-1)                (6) 

[16] 
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QUESTION 8 (November 2017) 
A group of learners uses the reaction between powdered zinc and EXCESS dilute hydrochloric acid to investigate 
one of the factors that affects the rate of a chemical reaction. The balanced equation for the reaction is: 

 

Zn(s) + 2HCℓ(aq)  →  ZnCℓ2(aq) + H2(g) 
 

They conduct two experiments. The reaction conditions used are summarised in the table below. 
 

EXPERIMENT 
TEMPERATURE 

(°C) 
VOLUME OF 

HCℓ (cm3) 
CONCENTRATION OF 

HCℓ (mol∙dm-3) 
MASS OF 

Zn (g) 

I 25 200 0,25 x 

II 25 200 0,40 x 
 

The results obtained are shown in the graph (not drawn to 
scale). 
8.1 Define reaction rate.            (2) 
8.2 Write down an investigative question for this 

investigation.             (2) 
8.3 Which curve, P or Q, represents the results of 

experiment I? Explain the answer.          (3) 
8.4 The average rate of the production of hydrogen gas,  

as represented by graph P, was 15 cm3∙s-1. Calculate 
the mass of zinc used. Take the molar gas volume 
at 25 °C as 24 000 cm3. 
(Answer: 1,22 g)             (5) 

 
8.5 In a third experiment (experiment III), 200 cm3 of a 0,25 mol∙dm-3 dilute hydrochloric acid solution at  

35 °C reacts with the same amount of zinc powder as in experiment I and experiment II. 
 8.5.1 How will the heat of reaction of experiment II compare with that of experiment III? Choose  
  from MORE THAN, LESS THAN or EQUAL TO.              (1) 

8.5.2 How will the activation energy of the reaction in experiment I compare with that of the  
reaction in experiment III? Choose from MORE THAN, LESS THAN or EQUAL TO.         (1) 

8.6 The rate of the reaction in experiment III is higher than that of experiment I.  
 Fully explain this statement by referring to the collision theory.     
        (3) 

[17] 
QUESTION 9 (March 2018) 
Learners use the reaction between sodium thiosulphate and hydrochloric acid to investigate one of the  
factors that affects reaction rate. The balanced equation for the reaction is: 
 

Na2S2O3(aq)  +  2HCℓ(aq)  →  2NaCℓ(aq)  +  H2O(ℓ)  +  SO2(g)  +  S(s) 
 

In the first experiment, 50 cm3
 
of the sodium thiosulphate 

solution is added to 100 cm3 
 
of a 2 mol∙dm-3

 
dilute 

hydrochloric acid solution in a flask that is placed over a 
cross drawn on a sheet of white paper. The hydrochloric 
acid is in EXCESS.  
The time taken for the cross to become invisible, when 
viewed from the top, is recorded. The experiment is then 
repeated four times with different volumes of the sodium 
thiosulphate solution. The results obtained are shown in  

 the table below. 
 

 
 

9.1 Define reaction rate.                  (2) 
9.2 How does the concentration of the sodium thiosulphate solution used in experiment 2 compare to  
 that used in experiment 5? Choose from MORE THAN, LESS THAN or EQUAL TO.          (1) 

white paper 

Na2S2O3(aq) + HCℓ(aq) 

flask 
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9.3 Draw a graph of average reaction rate versus volume of sodium thiosulphate used on a GRAPH  
 SHEET.                   (3) 
9.4 Use the information in the graph to answer the following questions.  

9.4.1 Determine the volume of dilute sodium thiosulphate solution that needs to react in order for  
the cross to become invisible in 40 seconds. USE DOTTED LINES ON THE GRAPH TO  
SHOW HOW YOU ARRIVED AT THE ANSWER.             (3) 

 9.4.2 Write down a conclusion for this investigation.              (2) 
9.5 Use the collision theory to explain the effect of an increase in concentration on reaction rate.         (3) 
9.6 The mass of sulphur produced in experiment 1 is 1,62 g. Calculate the mass of the sodium  

thiosulphate used in experiment 1.  
 (Answer: 7,90 g)                  (4) 

[18] 
QUESTION 10 (November 2018) 
The reaction of zinc and EXCESS dilute hydrochloric acid is used to investigate factors that affect reaction rate. 
The balanced equation for the reaction is:  
 

Zn(s) + 2HCℓ(aq)  ⟶  ZnCℓ2(aq) + H2(g) 
 

The reaction conditions used and the results obtained for each experiment are summarised in the table below. 
The same mass of zinc is used in all the experiments. The zinc is completely covered in all reactions. The 
reaction time is the time it takes the reaction to be completed. 
 

EXPERIMENT 
CONCENTRATION 
OF HCℓ (mol∙dm-3) 

VOLUME OF 
HCℓ (cm3) 

STATE OF 
DIVISION OF HCℓ 

TEMPERATURE 
OF HCℓ (°C) 

REACTION 
TIME 
(min.) 

1 2,0 200 Powder 25 7 

2 1,5 200 Granules 25 14 

3 5,0 200 Powder 25 5 

4 1,5 400 Granules 25 x 

5 2,0 200 powder 35 4 
 

10.1 Experiment 1 and experiment 5 are compared. Write down the independent variable.          (1) 
10.2 Define reaction rate.                 (2) 
10.3 Write down the value of x in experiment 4.                (2) 
10.4 The Maxwell-Boltzmann energy distribution  curves for particles in each of experiments 1,  
 3 and 5 are shown below.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Identify the graph (A or B or C) that represents the following:  
 10.4.1 Experiment 3  
  Give a reason for the answer.               (2) 
 10.4.2 Experiment 5  
  Give a reason for the answer.               (2) 
10.5 Experiment 6 is now conducted using a catalyst and the SAME reaction conditions as for  
 experiment 1. 
 13.5.1 What is the function of the catalyst in this experiment?             (1) 
 13.5.2 How will the heat of reaction in experiment 6 compare to that in experiment 1?  
  Choose from: GREATER THAN, EQUAL TO or LESS THAN.            (1) 
10.6 Calculate the average rate of the reaction (in mol·min-1) with respect to zinc for experiment 2 if 1,5 g  
 of zinc is used.  (Answer: 1,65 x 10-3 mol·min-1)              (4) 

[15] 
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QUESTION 11 (June 2019) 

Learners use the reaction of a sodium thiosulphate solution with dilute hydrochloric acid to investigate several 
factors that affect the rate of a chemical reaction. The balanced equation for the reaction is: 
 

Na2S2O3(aq) + 2HCℓ(aq)  →  2NaCℓ(aq) + SO2(g) + S(s) + H2O(ℓ) 
11.1 Define reaction rate.                 (2) 
 

Three investigations (I, II and III) are carried out. 
11.2 INVESTIGATION I 
 The results obtained in INVESTIGATION I are shown in the graph. 

Graph of reaction rate versus concentration of Na2S2O3(aq) 
 
 
 
 
 
 
 
 
 
 
 
 
 

 For this investigation, write down the: 
 11.2.1 Dependent variable               (1) 
 11.2.2 Conclusion that can be drawn from the results               (2) 
11.3 INVESTIGATION II 
 The Maxwell-Boltzmann distribution curves, A and B, represent the number of particles against kinetic 
 energy for the reaction at two different temperatures. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 11.3.1 What does line P represent?             (1) 
 11.3.2 Which curve (A or B) was obtained at the higher temperature?           (1) 
 11.3.3 Explain, in terms of the collision theory, how an increase in temperature influences the rate  

of a reaction.                 (4) 
11.4 INVESTIGATION III 

The potential energy diagrams, X and Y, represent the reaction under two different conditions. 
 
 
 
 
 
 
 
 
 
 
 

Give a reason why curve Y differs from curve X.              (1) 
11.5 In one of the investigations, 100 cm3 of 0,2 mol·dm–3 HCℓ(aq) reacts with excess Na2S2O3(aq) and  

the solution is then filtered. After filtration of the solution, 0,18 g of sulphur is obtained.  
Calculate the PERCENTAGE YIELD of sulphur. (Answer: 56,25%)            (6) 

[18] 
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