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General Instructions 

• Reading time – 5 minutes 

• Working time – 3 hours 

• Board-approved calculators may be used 

• Write using blue or black pen 

• Draw diagrams using pencil 

• A Data Sheet and Periodic Table are 
provided at the back of this paper 

• Write your candidate number and 
master’s initials at the top of each page in 
Part B and on the Answer Booklets 

 

CHECKLIST 

Each boy should have the following : 

1 Question Paper  

1 Multiple Choice Answer Sheet  

2 Five Page Booklets  
 

Section I Pages 3 - 20 

Total marks (100) 

This section has two parts, Part A and  
Part B 

Part A 
Total marks (20) 
• Attempt Questions 1-20 
• Allow about 30 minutes for this Section 
 

Part B 
Total marks (55) 
• Attempt Questions 21-36 
• Allow about 1 hour and 45 minutes 

for this Section 
 

Section II Pages 21-25 
Total marks (25) 
• Attempt Question 37 in this section. 
• Allow about 45 minutes for this Section 

 

Chemistry Classes: 
 

1. TW 2. CRMR 3. AKBB  

4. EJS 5. MRB 6. MTK  

EXAMINERS:  TW / AKBB / MTK / MRB 
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Part A 
Total marks (20) 
Attempt Questions 1-20 
Allow about 30 minutes for this Part 
 
Use the multiple-choice Answer Sheet. 

Select the alternative A, B, C or D that best answers the question.  Fill the response circle 
completely. 
 

Sample 2  +  4  =    
 
   

        
  
If you think you have made a mistake, put a cross through the incorrect answer and fill in the 
new answer. 

  
 
 
If you change your mind and have crossed out what you consider to be the correct answer, then 
indicate this by writing the word correct and drawing an arrow as follows. 
 

 
  

(A)  2 (B)  6 (C)  8 (D)  9 

A B C D

A B C D

A B C D

correct
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1 Which of the following isotopes is radioactive? 
 (A)  (B)  (C)  (D)  

 
 

2 Which of the following statements is true about unstable isotopes? 
 

(A) They all have an atomic number greater than 82. 
(B) They all have an atomic number greater than 92. 
(C) They all have more neutrons than protons. 
(D) They all decay emitting a small particle or energy. 

 
 

3 Given the following half equation and Eʅ value:  
 
O2(g) + 2H+

(aq) + 2e– → H2O2(aq)  Eʅ = + 0.70 V 
 
What is the voltage produced under standard conditions for the following 
reaction? 

 
 2MnO4

–(aq) + 5H2O2(aq) + 6H+(aq) → 2Mn2+(aq)  + 5O2(g) + 8H2O(l) 
  

(A) 0.70 V 
(B) 0.81 V 
(C) 1.51 V 
(D) 2.21 V 

 
 

4 Reactions of metals in dilute acids can be described as redox reactions for which 
of the following reasons? 

 
(A) There is a transfer of electrons from the hydrogen ions to the metal. 
(B) There is a transfer of electrons from the metal to the hydrogen ions. 
(C) There is a transfer of electrons from the anions to the cations. 
(D) There is a transfer of electrons from the cations to the anions. 

 
 

5 Which of the following is true about ethanol? 
 

(A) It has the formula CH3COOH. 
(B) It can act as a solvent of both polar and non-polar substances. 
(C) It is the smallest possible alkanol. 
(D) It is the monomer from which cellulose is produced. 
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6 What is the defining principle common to all condensation polymerisations? 
 

(A) They all produce water. 
(B) They are all formed by reactions across double bonds. 
(C) They all involve the addition of small molecules. 
(D) They all involve the ejection of small molecules. 

 
 

7 What is the major industrial source of ethylene? 
 

(A) Dehydration of ethanol. 
(B) Cracking of petroleum 
(C) Fermentation of sugars 
(D) Lysis of polyethylene 

 
 

8 How many isomers are there for C2H3BrClF? 
 

(A) 2 
(B) 3 
(C) 4 
(D) 5 

 
 

9 Waste water from a factory is contaminated with a significant concentration of 
dissolved calcium ions. Which of the following ions could also be dissolved at 
the highest concentration in the waste water? 

 
(A) chloride 
(B) carbonate 
(C) phosphate 
(D) sulfate 

 
 

10 What is the correct IUPAC name for the following compound? 
 

C CCF

H

H Cl

H H

H

H

 
 

(A) 2-chloro-1-fluoropropane 
(B) 1-fluoro-2-chloropropane 
(C) 2-chloro-3-fluoropropane 
(D) 3-fluoro-2-chloropropane 
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11 Which of the following is a balanced chemical equation representing the 

incomplete combustion of an alkane? 
 

(A) C3H8(g) + 5O2(g) → 3CO2(g) + 4H2O(l) 
(B) C2H5OH(l) + 2O2(g) → CO(g) + C(s) + 3H2O(l) 
(C) C2H4(g) + 2O2(g) → 2CO(g) + 2H2O(l) 
(D) C4H10(g) + 5O2(g) → CO2(g) + 3CO(g) + 5H2O(l) 

 
 

12 Below is a calibration curve generated when using an atomic absorption 
spectrometer (AAS) to detect mercury. 

 

 
 
 A 500 mL sample of unknown mercury concentration gives an absorbance of 

0.500 on the same instrument. 
 
 What is the concentration of mercury in the unknown sample? 
 

(A) 3.00 × 10–1 M 
(B) 1.50 × 10–2 M 
(C) 1.50 × 10–3 M 
(D) 1.50 × 10–6 M 
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13 All the strontium ions present in a 250 mL solution were precipitated by reaction 

with excess sulfate ions. The mass of the dried strontium sulfate obtained after 
filtration, washing and drying was 0.353 g. 

 
 What was the concentration of strontium ions in the original solution? 
 

(A) 168 mg L–1 
(B) 477 mg L–1 
(C) 673 mg L–1 
(D) 1412 mg L–1 

 
 

14 Which of the following indicators would best identify the equivalence point of 
the titration of 0.1 M ammonia with 0.1 M hydrochloric acid? 

 
(A) methyl orange 
(B) phenolphthalein 
(C) bromothymol blue 
(D) litmus 

 
 

15 The structural formula of an ester with a strawberry fragrance is shown below: 
 

C CCH

H

H H

H H

H

C

O

O C C

H

H

H

H

H

 
 
 Which alkanoic acid and alkanol could be used to synthesise this ester? 
  

 alkanol alkanoic acid 

(A) ethanol propanoic acid 

(B) ethanol butanoic acid 

(C) 1-butanol ethanoic acid 

(D) 1-propanol ethanoic acid 
 
 

16 Which equation below best represents hydrogen chloride gas acting as a 
Brønsted-Lowry acid? 

 

(A) HCl(g)    HCl(aq) 

(B) HCl(g)    H+(aq) + Cl–(aq) 
(C) HCl(g) + H2O(l) → H3O

+(aq) + Cl–(aq) 
(D) 2HCl(g) + Sn(s) →  H2(g) + SnCl2(s) 
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17 Which of the following solutions contains the highest molar concentration of 

acid? 
 

(A) An acetic acid solution with a pH of 3. 
(B) A hydrochloric acid solution with a pH of 3. 
(C) A sulfuric acid solution with a pH of 3. 
(D) A citric acid solution with a pH of 3. 

 
 

18 Two drops (0.1 mL) of 0.01 M HCl solution is added to 10 mL of a HCl solution 
with a pH of 5.  The pH of the resulting solution will be closest to: 

 
(A) 3 
(B) 4 
(C) 5 
(D) 6 

 
 

19 Two drops (0.1 mL) of 0.01 M HCl solution is added to 10 mL of a concentrated 
solution of pH 5 containing acetic acid and sodium acetate.  The pH of the 
resulting solution will be closest to: 

 
(A) 2 
(B) 3 
(C) 5 
(D) 7 

 
 

20 What mass of sodium hydrogen carbonate is required for complete reaction with 
50.0 mL of 0.100 M sulfuric acid solution? 

 
(A) 0.210 g 
(B) 0.420 g 
(C) 0.840 g 
(D) 4.20 g 
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Masters’ Initials  Candidate Number  
Part B 
Total marks (55) 
Attempt ALL Questions 
Allow about 1 hour and 45 minutes for this Part 
 

Answer the questions in the spaces provided 
Show all relevant working in questions involving calculations 

 

Question 21 (3 marks) Marks 

 

Polymerisation is the process of creating large molecules by reacting together many 
smaller molecules. 

 

(a) Draw the molecular structure of styrene. 

  1 

 

 

 

 

 

 

(b) Draw a segment of polystyrene that would result from the reaction of 
styrene monomers.  Include at least three repeating units. 

  2 
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Question 22 (5 marks) Marks 

 

Justify the need to monitor the conditions involved in the production of pure ethanol 
from glucose. 

  5 

  

  

  

  

  

  

  

  

  

 

 

 

 

Question 23 (2 marks)  

 

Ethylene, because of the instability of its double bond, is highly reactive.  Write 
balanced chemical equations for two reactions of ethylene. 

  2 
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Question 24 (2 marks) Marks 

 

Identify an instrument used to detect radiation and outline the manner in which it 
works. 

  2 

  

  

  

 

 

Question 25 (4 marks)  

 

Name a specific enzyme or organism used to produce a biopolymer and account for 
its use in the production of this polymer. 

  4 
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Question 26 (3 marks) Marks 

 

The molar heat of combustion for 1-butanol is –2670 kJ mol–1.  Calculate the mass 
of 1-butanol that would be needed to raise 0.024 kg of water from 10.0 °C to 
23.7 °C. 

  3 
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Masters’ Initials  Candidate Number 
 

 

Question 27 (3 marks)  Marks 

 

Draw a labelled diagram of a simple galvanic cell made from copper and zinc half-
cells.  Your diagram should include a label to indicate the direction of electron flow, 
a label to indicate the cathode and a label to indicate the site of reduction. 

  3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Question 28 (2 marks)  

 

The industrial synthesis of ammonia typically takes place in the presence of a 
magnetite catalyst. Justify the use of a catalyst in this process. 

  2 
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Question 29 (5 marks) Marks 

 

A solution is known to contain significant concentrations of chloride, phosphate and 
sulfate ions. 

 

Describe a sequence of tests that could be used to confirm the presence of each of 
these ions. Include one relevant chemical equation. 

  5 
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Question 30 (5 marks) Marks 

 

Sulfur dioxide is commonly used as a preservative in food and drink. The sulfur 
dioxide content in dried apple was determined using the following procedure: 
 

1. 50.0 g of dried apple was blended to a fine powder. 
2. The powdered dried apple was added to a conical flask containing 100 mL 

of water. 
3. 10 mL of acidified 10%(v/v) hydrogen peroxide was added and the mixture 

agitated in order to extract all the sulfur dioxide from the apple and oxidise it 
to sulfate. 

4. The resulting mixture was filtered and the residue washed with deionised 
water. 

5. The filtrate was then treated with 5%(w/v) barium chloride solution until no 
further precipitation occurred. 

6. The resulting mixture was filtered through a pre-weighed sintered glass 
crucible. 

7. The residue was washed with deionised water and dried to constant mass. 
 

The following results were recorded: 

 

Mass of sintered glass crucible (g) 52.064 g 
Mass of sintered glass crucible + precipitate (g) 52.252 g 

 

(a) Calculate the mass of precipitate formed. 

  1 

 

 

(b) Calculate the percentage by mass of sulfur dioxide in the dried apple. 

  4 
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Question 31 (4 marks) Marks 

 

The industrial production of hydrogen by steam reforming involves the following 
two reactions: 

 

1. CH4(g) + H2O(g)  ∏  CO(g) + 3H2(g) ΔH = +206 kJ mol–1  

2. CO(g) + H2O(g)  ∏  CO2(g) + H2(g)  ΔH = –41 kJ mol–1  

 

Explain the likely conditions of temperature and pressure required in each step of 
this process in order to maximise the yield and rate of production of hydrogen. 

  4 
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Masters’ Initials  Candidate Number 
 

 

Question 32 (2 marks) Marks 

 

Potassium hydrogen oxalate (KHC2O4) is an amphiprotic compound.  Construct an 
equation that describes its behaviour in each of the following solutions. 

 

(a) Reaction with dilute sulfuric acid. 

  1 

  

 

 

(b) Reaction with aqueous sodium hydroxide. 

  1 
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Question 33 (4 marks) Marks 

 

Describe how you could produce a pure sample of the ester ethyl benzoate from 
ethanol and benzoic acid.  Relevant properties of the starting materials and products 
are listed below; ethyl benzoate is less dense than water. 

 

material Melting point (°C) Boiling point (°C) Soluble in: 

ethanol –114 78 water, ethanol 
benzoic acid 122 249 only ethanol 
ethyl benzoate –35 212 only ethanol 

 

  4 
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Question 34 (3 marks) Marks 

 

Explain why 0.1 M solutions of acetic acid and hydrochloric acid have different 
concentrations of H+(aq) and yet require the same amount of NaOH(aq) to 
neutralise them. 

  3 

  

  

  

  

  

 

 

Question 35 (4 marks) 

 

Sulfur dioxide fumes can be removed from the exhaust gases resulting from the 
smelting of sulfide ores by passing the exhaust gasses through a basic solution such 
as calcium hydroxide. 

 

2SO2(g) + Ca(OH)2(aq)  →  Ca(HSO3)2(aq) 

 

If 1000 L (measured at 0 °C and 100 kPa) of exhaust gases contain 5.00% sulfur 
dioxide by volume, calculate the mass of calcium hydroxide required to remove the 
SO2 from the exhaust gases. 

  4 
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Question 36 (4 marks) Marks 

 

When a drop of Universal Indicator is placed in a bottle of freshly opened 
carbonated water the resulting mix turns an orange colour.  If this solution is then 
poured into a shallow petri dish, the solution turns a green colour over a period of 
an hour. 

 

Explain, using Le Châtelier’s Principle, the changes that are happening to the 
solution over the hour and explain why the colour of the Universal Indicator 
solution changes during this time. 

  4 
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Section II 
 
25 marks 
Attempt question 37 in this section. 
Allow about 45 minutes for this section. 
 

Answer the question in a writing booklet.  Extra writing booklets are available. 
Show all relevant working in questions involving calculations. 
 

 

 
 

 Pages

Question 37 Industrial Chemistry……………………………………..21-25

Question 38 Elective 2 

Question 39 Elective 3 

Question 40 Elective 4 

Question 41 Elective 5 
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Question 37 (25 marks) Marks 

 

(a) A chemist performed three separate experiments to analyse the following 
equilibrium. 

 
 H2(g) + I2(g) ∏ 2HI(g)  ΔH  = + 52 kJ mol–1 

 (colourless)  (purple)  (colourless) 
 
 

All three experiments were carried out at the same pressure.  Two of the 
experiments were carried out at the same temperature, while the other was 
carried out at a different temperature. 
 
The results of the experiments are shown in the table below. 

 
 
Experiment 

Concentration (mol-1) 
Initial At equilibrium 

H2(g) I2(g) HI(g) H2(g) I2(g) HI(g)

1 1.000 1.000 0.000 0.228 0.228 1.544 
2 1.000 0.727 3.000 0.526 0.253 3.953 
3 0.000 0.625 0.750 0.0175 0.637 0.715 

 

(i) Identify which experiment was carried out at the DIFFERENT 
temperature.  Explain whether this experiment was at a higher or 
lower temperature than that of the other two experiments. 

2

 
(ii) Describe how the chemist could monitor when Experiment 1 reached 

equilibrium. 1

 
(iii) After Experiment 1 reached equilibrium, the chemist carried out a 

fourth experiment by doubling the concentration of H2 while 
maintaining a constant temperature.  Explain what would happen in 
the reaction vessel in response to this change and the effect this 
would have on the value of the equilibrium constant. 2

 

 

Question 37 continued on next page. 
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Marks 

 

(b) Molten sodium chloride is electrolysed in a cell using inert 
electrodes. 

 

(i) Identify the product that would form at the negative electrode 
(cathode). 

1

 
(ii) State the half-equation for the reaction taking place at the positive 

electrode (anode). 1

 
(iii) Identify a chemical test that would confirm the presence of the 

product produced at the positive electrode (anode). 1

 
(iv) Given that molten sodium chloride has a density of 1.556 g cm–3, 

calculate the volume of gas that would be formed when 1.00 L of 
molten sodium chloride is electrolysed and the gas is collected and 
cooled to 25 °C and 100 kPa. 3

 

 

Question 37 continued on next page. 
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Marks 

 

(c) The diagram below shows the structure of two typical synthetic detergent 
compounds. 
 

 

 
 

(i) Define saponification. 1

(ii) Distinguish between common soaps and these types of synthetic 
detergents in terms of their chemical composition, environmental 
impact, uses and their action as cleaning agents. 

4

 
 

Question 37 continued on next page. 
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Complete parts (d) and (e) in 
a new Answer Booklet. 
 

 

(d) One step in the industrial production of sulfuric acid is the conversion of 
sulfur dioxide into sulfur trioxide.  Describe and justify the conditions used in 
this process. 

3

 

(e) In order to find a suitable location for any industrial plant, a chemist must 
consider a number of fundamental criteria, including: 
 
• Access to raw materials 
• The Production process 
• Environmental concerns 
• Any waste product disposal 
• Use and transport of the product 

 
For each of these criteria, explain their significance in determining a 
suitable location for an industrial plant for the manufacture of sodium 
carbonate. 
 6
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Chemistry 

 
                                                            Data Sheet 

 

Avogadro’s constant, NA ………………………………………………. 6.022 x1023 mol–1 

Volume of 1 mole ideal gas:  at 100 kPa and 

at 0 °C (273 K) ………………………… 22.71L 

at 25 °C (298K) ………………………… 24.79 L 

Ionisation constant for water at 25°C (298.15 K), Kw  …………………. 1.0 × 10-14 

Specific heat capacity of water ………………………………………….. 4.18 × 103 Jkg–1K–1 

 

Some useful formulae 
pH = – log10[H

+]        q = mCΔT 
 

 
                                                  Standard Potentials 

 
K+ + e–  K(s) –2.94 V 
Ba2+ + 2e–  Ba(s) –2.91 V 
Ca2+ + 2e–  Ca(s) –2.87 V 
Na+ + e–  Na(s) –2.71 V 
Mg2+ + 2e–  Mg(s) –2.36 V 
Al3+ + 3e–  Al(s) –1.68 V 
Mn2+ + 2e–  Mn(s) –1.18 V 
H2O + e–  ½ H2(g) + OH– –0.83 V 
Zn2+ + 2e–  Zn(s) –0.76 V 
Fe2+ + 2e–  Fe(s) –0.44 V 
Ni2+ + 2e–  Ni(s) –0.24 V 
Sn2+ + 2e–  Sn(s) –0.14 V 
Pb2+ + 2e–  Pb(s) –0.13 V 
H+ + e–  ½ H2(g) 0.00 V 
SO4

2– + 4H+ + 2e–  SO2(g) + 2H2O 0.16 V 
Cu2+ + 2e–  Cu(s) 0.34 V 
½ O2(g) + H2O + 2e–  2OH– 0.40 V 
Cu+ + e–  Cu(s) 0.52 V 
½ I2(s) + e–  I– 0.54 V 
½ I2(aq) + e–  I– 0.62 V 
Fe3+ + e–  Fe2+ 0.77 V 
Ag+ + e–  Ag(s) 0.80 V 
½ Br2(l) + e–  Br– 1.08 V 
½ Br2(aq) + e–  Br– 1.10 V 
½ O2 + 2H+ + 2e–  H2O 1.23 V 

½ Cr2O7
2– + 7H+ + 3e–  

 Cr3+ + 7
2 H2O 1.36 V 

½ Cl2(g) + e–  Cl– 1.36 V 
½ Cl2(aq) + e–  Cl– 1.40 V 
MnO4

– + 8H+ + 5e–  Mn2+ + 4H2O 1.51 V 
½ F2(g) + e–  F– 2.89 V 
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