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and in the space provided on the answer sheet for multiple-choice questions.
Unless otherwise indicated, the diagrams in this booklet are not drawn to scale.
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At the end of the examination
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Students are NOT permitted to bring mobile phones and/or any other unauthorised electronic 
devices into the examination room.
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SECTION A – MULTIPLE-CHOICE QUESTIONS

Question 1

In a redox reaction, an oxidising agent causes
A. oxidation and in the process is reduced. 
B. reduction and in the process is oxidised.
C. oxidation and in the process is oxidised.
D. reduction and in the process is reduced.

Question 2

Spectator ions
A. are always present in a redox reaction.
B. gain electrons in a chemical reaction.
C. lose a proton in an acid–base reaction.
D. are unchanged in a chemical reaction.

Question 3

In an experiment, 10 g each of water and cooking oil were heated separately from 20°C to 40°C. 

Which one of the following statements is correct?
A. The water and cooking oil required equal amounts of heat to reach 40°C.
B. Water required a greater amount of heat to reach 40°C because it has a higher specific heat capacity.
C. Water required a greater amount of heat to reach 40°C because it has a lower specific heat capacity.
D. From the information given, it is not possible to conclude the comparative amounts of heat required 

to heat the substances to 40°C.

Question 4

Which one of the following conversions cannot be achieved?
A. a concentrated weak acid to a dilute weak acid
B. a dilute strong acid to a concentrated strong acid
C. a concentrated strong acid to a dilute weak acid
D. a concentrated weak base to a dilute weak base

Instructions for Section A

Answer all questions in pencil on the answer sheet provided for multiple-choice questions. 

Choose the response that is correct or that best answers the question.

A correct answer scores 1; an incorrect answer scores 0. 

Marks will not be deducted for incorrect answers. 

No marks will be given if more than one answer is completed for any question.

Unless otherwise indicated, the diagrams in this booklet are not drawn to scale.
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Use the following information to answer Questions 5 and 6.

Ice was heated continuously in a beaker with constant stirring. The temperature of the beaker’s contents 
was recorded and the results were plotted as shown in the graph below. Five different sections of the graph 
are numbered.

Question 5  

Which sections of the graph relate to the latent heat properties of water?
A. 1 and 2
B. 2 and 3
C. 2 and 4
D. 3 and 5

Question 6

Which types of bonding are being disrupted in section 3 of the graph?
A. dispersion forces and hydrogen bonding only
B. dispersion forces and covalent bonds only
C. hydrogen bonding and covalent bonds only
D. hydrogen bonding, covalent bonds and dispersion forces

Question 7

The specific heat capacity of water is 4.18 J g–1 °C–1. Heat was added to 8.0 g of water to raise its 
temperature from 25°C to 60°C. 

If the same amount of heat was added to 40 g of lead, which has a specific heat capacity of 0.13 J g–1 °C–1, 
the expected temperature change in the metal would be closest to
A. 35°C 
B. 175°C
C. 225°C
D. 2250°C
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Use the following information to answer Questions 8–10.

Water samples taken from two different rivers were analysed by high-performance liquid chromatography 
(HPLC) using the same column under identical conditions. The recorded output is shown below. The peaks 
in one water sample are marked with the letters P, Q, R and S, representing the components of the sample 
that produce each peak.

Question 8

Which one of the following statements about water sample 1 is correct?
A. Component S has the strongest attraction to the mobile phase.
B. Component P will be removed from the column last.
C. Component P is twice the concentration of component S.
D. Component R has the lowest concentration of any component.

Question 9

Which of the components present in water sample 1 are not likely to be present in water sample 2?
A. P and Q only
B. R and S only
C. P, Q and R only
D. Q, R and S only
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Question 10

Which one of the following steps is not required to find the concentration of component S in water 
sample 1?
A. Construct a calibration curve of peak area of standard solutions of component S against concentration.
B. Record the absorbance at many different wavelengths of the standard solutions of component S as 

they elute from the HLPC column.
C. Make up standard solutions of component S and analyse these by HPLC.
D. Find the peak area of component S in water sample 1 from the HPLC output.

Question 11

A conjugate redox pair is
A. two chemical species that react with each other in a redox reaction.
B. two related chemical species where one is an oxidising agent and one is a reducing agent.
C. two related chemical species that differ from each other by one or more protons.
D. always present in redox reactions as well as in acid–base reactions.

Use the following information to answer Questions 12 and 13.

Sodium reacts with chlorine gas according to the following equation:

2Na(s) + Cl2(g)  2NaCl(s)

Question 12

The reduction half-equation for this reaction is

A. Na(s)  Na+(s) + e–

B. Na(s) + e–  Na+(s)

C. Cl2(g) + 2e–  2Cl–(s)

D. Cl2(g)  2Cl–(s) + 2e–

Question 13

If 55 g of sodium is reacted with 80 g of chlorine gas in a closed vessel, what chemicals will remain 
in the vessel after reaction is complete?

A. NaCl(s) only

B. Na(s) and NaCl(s) only

C. Cl2(g) and NaCl(s) only

D. Cl2(g), Na(s) and NaCl(s)

Question 14

At 25°C, the pH of solution X is 3 and the pH of solution Y is 6. 

Which one of the following statements about these solutions is correct?
A. Solution X has more than twice the hydrogen ion concentration of solution Y.
B. The hydroxide ion concentration in solution Y is lower than that in solution X.
C. Solution X is acidic and so has no hydroxide ions present.
D. Solution X must be a strong acid and solution Y must be a weak acid.
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Question 15

The reactivity series for metals M, N, O and P is as follows:

M < N < O < P

Which one of the following statements is a valid conclusion that can be drawn from this information?

A. P would displace any of the metals from a solution of their ions.

B. M would displace O from a solution of O2+ ions.

C. N would react readily with a solution of P2+ ions.

D. N2+ ions would react with M2+ ions to produce metal N. 

Use the following information to answer Questions 16 and 17.

The ionic product (Kw) of pure water varies with temperature as shown in the table below.

Question 16

The pH of pure water at 35°C is
A. 6.57
B. 6.83
C. 7.00
D. 7.17

Question 17

Which one of the following statements about pure water at different temperatures is correct?
A. As the temperature of pure water increases, the pH increases.

B. For pure water at 15°C, [OH–] is greater than [H3O+].

C. The hydrogen ion concentration of pure water is greater at 0°C than at 25°C.

D. Regardless of the temperature, pure water is always neutral.

Question 18

The concentration of an aqueous solution of ethanol (C2H5OH) was expressed using a number of 
different units. 

Which one of the following is not equivalent to the other stated concentrations of ethanol?

A. 0.246 mol L–1

B. 11.3 g L–1

C. 1.13% m/v

D. 1.13  103 ppm

Temperature (°C) 15 35 55

Kw (M
2) 4.51 × 10–15 2.09 × 10–14 7.29 × 10–14
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Question 19

20.0 mL of a 0.10 M solution of the weak base ammonia, NH3, is titrated with a 0.10 M solution 
of hydrochloric acid, HCl, using methyl red as an indicator. 

It would be expected that the endpoint would occur with a colour change of
A. yellow to red, and a titre of 20.0 mL.
B. yellow to red, and a titre of less than 20.0 mL.
C. red to yellow, and a titre of 20.0 mL.
D. red to yellow, and a titre of more than 20.0 mL.

Question 20

A water sample under analysis contains two substances, Q and R. The concentration of both substances 
is to be determined by UV-visible spectroscopy. The absorption spectra of Q and R are shown below.

Which wavelength should be used for the absorbance measurements to determine the concentration 
of substance R in the water sample?
A. 260 nm
B. 285 nm
C. 295 nm
D. 310 nm

END OF SECTION A

240 260 300 340280 320

wavelength (nm)

absorbance Q
R
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SECTION B

Question 1 (12 marks)

Sulfuric acid, H2SO4, is a strong acid and is one of the most widely manufactured chemicals in the world.

a. Sulfuric acid reacts with water in two stages. The first stage is represented by the 
following equation:

H2SO4(l) + H2O(l)  HSO4
–(aq) + H3O+(aq)

i. Write the equation for the second stage. 1 mark

______________________________________________________________________

ii. Why is sulfuric acid classed as a strong acid? 1 mark

______________________________________________________________________

______________________________________________________________________

b. When manufactured, sulfuric acid is a viscous liquid with a concentration of 
approximately 18 M.

What volume of 18 M sulfuric acid would be diluted to make 125 L of 1.5 M 
sulfuric acid? 2 marks

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

c. Sulfuric acid can be used to prepare the volatile hydrochloric acid, HCl. The reaction 
is shown by the following equation:

H2SO4(l) + NaCl(s)  HCl(g) + NaHSO4(s)

The pH of 1.0 M hydrochloric acid is 0, whereas the pH of 1.0 M sulfuric acid is less 
than 0.

Explain why the two acids have different pH values. 2 marks

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

Instructions for Section B

Answer all questions in the spaces provided. Write using blue or black pen.

Give simplified answers to all numerical questions, with an appropriate number of significant figures; 
unsimplified answers will not be given full marks.

Show all working in your answers to numerical questions; no marks will be given for an incorrect answer 
unless it is accompanied by details of the working.

Ensure chemical equations are balanced and that the formulas for individual substances include an 
indication of state, for example, H2(g), NaCl(s).

Unless otherwise indicated, the diagrams in this booklet are not drawn to scale.
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d. A number of chemical reactions involving dilute sulfuric acid are shown in the 
diagram below.

i. Name each of the substances shown in the table below. 3 marks

ii. Write a balanced equation for a possible chemical reaction of sulfuric acid with 
solid C. 2 marks

______________________________________________________________________

iii. Circle one of the terms below to identify the type of reaction that occurs when sulfuric 
acid reacts with zinc. 1 mark

acid–base          redox          precipitation

Solution A Gas B Solid D

solution A + gas B
copper(II) sulfate 

solution only

sodium sulfate 

solution + CO2

sulfuric acid

zinc solid C solid D
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Question 2 (8 marks)

The preparation of insoluble salts by precipitation is a standard laboratory procedure. To prepare a sample 
of the insoluble compound lead(II) sulfate, the steps below were followed.

1. Prepare 50 mL of 0.100 M K2SO4 solution and 50 mL of 0.100 M Pb(NO3)2 solution by dissolving 
the solids separately in water.

2. Mix the prepared aqueous solutions in a beaker.

3. Filter the contents of the beaker and, after washing the beaker with a small amount of water, pour the 
washings onto the filter paper.

4. Pour a small amount of cold distilled water onto the solid trapped on the filter paper.

5. Dry the filter paper and determine the mass of the solid.

a. Calculate the mass of solid potassium sulfate required to make the K2SO4 solution 
in step 1. 2 marks

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

b. Write a balanced ionic equation for the reaction in step 2. 1 mark

___________________________________________________________________________

c. What was the purpose of filtering the washings in step 3? 1 mark

___________________________________________________________________________

___________________________________________________________________________

d. In step 3, the filtrate is the material that passed through the filter paper. 

List the ions present in the filtrate. 1 mark

___________________________________________________________________________

e. One aim of the preparation of an insoluble salt is to maximise the yield of the salt.

i. If the yield was 100%, 1.52 g of lead(II) sulfate would have been produced in this 
preparation. The actual mass produced was 1.38 g. 

Calculate the percentage yield for this preparation of lead(II) sulfate. 1 mark

______________________________________________________________________

______________________________________________________________________

ii. Suggest two reasons why the yield was not 100%. 2 marks

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
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Question 3 (11 marks)

There is wide variation in the solubility of substances in water. 

a. The solubility of solid sodium sulfate, Na2SO4, in water (in grams of solute per 100 g of 
water) at various temperatures is shown in the table below.

i. What is unusual about the trend in the solubility of the solid shown in the table? 1 mark

______________________________________________________________________

______________________________________________________________________

ii. Describe how 50 mL of pure water at 30°C could be used to make a saturated 
solution of sodium sulfate. 2 marks

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

iii. How could it be easily shown that the solution described in part a.ii. is saturated? 1 mark

______________________________________________________________________

______________________________________________________________________

b. The variation in the solubility of oxygen gas in water is shown in the graph below.

With reference to the graph shown above, explain why environmental laws prevent 
industries from returning heated wastewater into natural waterways such as rivers. 2 marks

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

Solubility (g per 100 g) 58 56 52 50 47 45

Temperature (°C) 10 20 30 40 50 60

temperature (°C)

12

9

6

3

0
0 5 10 15 20 25 30

15

dissolved O2 
concentration 

(mg L
–1
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c. The solubility of two liquids, compound A and compound B, at 20°C is shown below.

Compound A is soluble in all proportions in water, while the solubility of compound B 
is 1.0 g per 100 g of water.

i. With the aid of an appropriate drawing of the molecular interactions and labelling
of relevant bond types, explain the solubility of compound A in water. 3 marks

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

ii. Why is the solubility of compound B so low in comparison to compound A? 2 marks

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
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Question 4 (11 marks)

Samples from the wastewater storage on an industrial site were taken and analysed by atomic absorption 
spectroscopy (AAS) to find the cadmium, Cd, concentration. 

a. i. When wastewater samples were taken, sampling protocols were followed to ensure 
that the analysis was accurate, reliable and valid. 

In the table below, describe the procedures that should be used in sampling to satisfy
each stated requirement. 2 marks

ii. In this situation, the cadmium could be classed as a chemical contaminant. 

Explain the meaning of the term ‘chemical contaminant’. 1 mark

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

Requirement for 
valid sampling

Procedure

Samples are representative 
of all the wastewater

Samples are kept securely 
and safely for transport and 

storage
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b. A set of standard solutions was prepared and the absorbance of each solution was measured 
using an appropriately set atomic absorption spectrophotometer. The calibration graph 
shown below was generated.

The samples of wastewater were diluted by a factor of five before the absorbance of each 
could be determined. 

i. Suggest why the dilution was necessary. 1 mark

______________________________________________________________________

______________________________________________________________________

ii. The absorbance of one diluted sample was 0.45. 

Determine the concentration, in ppm, of the undiluted sample. 2 marks

______________________________________________________________________

______________________________________________________________________

iii. Calculate the mass of cadmium, in kg, in 5000 litres of the wastewater. 2 marks

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

c. The concentration of cadmium in the wastewater could have also been determined using 
gravimetric analysis. 

i. Outline one advantage of using gravimetric analysis instead of AAS. 1 mark

______________________________________________________________________

______________________________________________________________________

ii. Outline two advantages of using AAS instead of gravimetric analysis. 2 marks

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

concentration of Cd standard (ppm)

0.8

0.6

0.4

0.2

0
0 2 4 6 8

absorbance 
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Question 5 (8 marks)

A large quantity of water that had been used in the extraction of minerals in mining was stored so that 
it could be treated before being released into the environment. One treatment involved the low pH of the 
water being returned to neutral. Samples of the water were taken and titrated with standardised sodium 
hydroxide, NaOH, solution. The following results were obtained:

Volume of water samples analysed: 20.00 mL

Concentration of NaOH solution: 0.127 M

Average titre of NaOH solution required to reach endpoint: 22.35 mL

Stoichiometric ratio between H+ ions and OH– ions: 1 : 1

a. i. Calculate the average number of moles of NaOH used in each titration. 1 mark

______________________________________________________________________

______________________________________________________________________

ii. Determine the number of moles of H+ ions in each 20.00 mL sample of the water. 1 mark

______________________________________________________________________

iii. Calculate the concentration of H+ ions, in mol L–1, in the stored water. 1 mark

______________________________________________________________________

______________________________________________________________________

iv. Calculate the pH of the stored water. 1 mark

______________________________________________________________________

b. Explain one reason why it is necessary to return the stored water to a close to neutral pH 
before it is released into local waterways or rivers. 2 marks

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

c. A standard solution of NaOH cannot be prepared by weighing a mass of solid NaOH and 
dissolving it in a set volume of water. 

Suggest one reason why this is the case. 2 marks

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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Question 6 (5 marks)

A number of contaminants may be found in water from wells. These include arsenic, As, a highly toxic 
species, and hydrogen sulfide gas, H2S, known as ‘rotten egg gas’. Various water treatment processes 
involving both acid–base and redox reactions are employed to remove these contaminants to produce 
drinkable water.

a. Arsenic may be removed by adsorption to solid iron compounds to create particles large 
enough to be filtered from the water. The following reaction occurs when iron(III) chloride 
solution is added to well water:

3H2O(l) + FeCl3(aq)  Fe(OH)3(s) + 3HCl(aq)

The Fe(OH)3(s) strongly adsorbs arsenic species, providing the pH is low.

i. Circle one of the terms below to identify how water is acting during the reaction 
between water and iron(III) chloride. 1 mark

acid        base        oxidising agent        reducing agent

ii. How does the reaction between water and iron(III) chloride ensure that the pH 
is low? 1 mark

______________________________________________________________________

______________________________________________________________________

b. A second water treatment removes hydrogen sulfide gas by reaction with manganese 

dioxide, MnO2, which is coated on to the surface of a filtering medium made from 

naturally occurring glauconite greensand. The hydrogen sulfide is oxidised to solid sulfur, 

which can be filtered from the water. The manganese dioxide is reduced to Mn2+(aq).

i. Write a balanced half-equation for the oxidation of hydrogen sulfide to sulfur. 1 mark

______________________________________________________________________

ii. Write a balanced half-equation for the reduction of MnO2(s) to Mn2+(aq). 1 mark

______________________________________________________________________

iii. In various situations MnO2 is able to act as an oxidising agent and a reducing agent.

Give the chemical symbol or formula for another species that can act as both an 
oxidising agent and a reducing agent. 1 mark

______________________________________________________________________

END OF QUESTION AND ANSWER BOOKLET
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2. Electrochemical series

Reaction
Standard electrode potential 

(E0) in volts at 25°C

F2(g) + 2e–  2F–(aq) +2.87

H2O2(aq) + 2H+(aq) + 2e–  2H2O(l) +1.77

Au+(aq) + e–  Au(s) +1.68

Cl2(g) + 2e–  2Cl–(aq) +1.36

O2(g) + 4H+(aq) + 4e–  2H2O(l) +1.23

Br2(l) + 2e–  2Br–(aq) +1.09

Ag+(aq) + e–  Ag(s) +0.80

Fe3+(aq) + e–  Fe2+(aq) +0.77

O2(g) + 2H+(aq) + 2e–  H2O2(aq) +0.68

I2(s) + 2e–  2I–(aq) +0.54

O2(g) + 2H2O(l) + 4e–  4OH–(aq) +0.40

Cu2+(aq) + 2e–  Cu(s) +0.34

Sn4+(aq) + 2e–  Sn2+(aq) +0.15

S(s) + 2H+(aq) + 2e–  H2S(g) +0.14

2H+(aq) + 2e–  H2(g) 0.00

Pb2+(aq) + 2e–  Pb(s) – 0.13

Sn2+(aq) + 2e–  Sn(s) – 0.14

Ni2+(aq) + 2e–  Ni(s) – 0.25

Co2+(aq) + 2e–  Co(s) – 0.28

Cd2+(aq) + 2e–  Cd(s) – 0.40

Fe2+(aq) + 2e–  Fe(s) – 0.44

Zn2+(aq) + 2e–  Zn(s) – 0.76

2H2O(l) + 2e–  H2(g) + 2OH–(aq) – 0.83

Mn2+(aq) + 2e–  Mn(s) –1.18

Al3+(aq) + 3e–  Al(s) –1.66

Mg2+(aq) + 2e–  Mg(s) –2.37

Na+(aq) + e–  Na(s) –2.71

Ca2+(aq) + 2e–  Ca(s) –2.87

K+(aq) + e–  K(s) –2.93

Li+(aq) + e–  Li(s) –3.04
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3.Chemical relationships

4. Physical constants and standard values

5. Unit conversions

6. Metric (including SI) prefixes

Name Formula

number of moles of a substance

Name Symbol Value

Avogadro constant NA or L 6.02 × 1023 mol–1

specific heat capacity of water c 4.18 kJ kg–1 K–1 or 4.18 J g–1 K–1

density of water at 25°C d 997 kg m–3 or 0.997 g mL–1

ionic product for water KW 1.00 × 10–14 mol2 L–2 at 298 K (self-ionisation constant)

Measured value Conversion

1 litre (L) 1 dm3 or 1 × 10–3 m3 or 1 × 103 cm3 or 1 × 103 mL

Metric (including 
SI) prefixes

Scientific notation Multiplying factor

giga (G) 109 1 000 000 000

mega (M) 106 1 000 000

kilo (k) 103 1000

deci (d) 10–1 0.1

centi (c) 10–2 0.01

milli (m) 10–3 0.001

micro () 10–6 0.000001

nano (n) 10–9 0.000000001

pico (p) 10–12 0.000000000001

n
m
M
-----    n; cV= =
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7. Acid–base indicators

8. Representations of organic molecules

The following table shows different representations of organic molecules, using butanoic acid 
as an example.

9. A solubility table

END OF DATA BOOKLET

Name pH range
Colour change from lower pH 

to higher pH in range

thymol blue (1st change) 1.2–2.8 red  yellow

methyl orange 3.1– 4.4 red  yellow

bromophenol blue 3.0– 4.6 yellow  blue

methyl red 4.4–6.2 red  yellow

bromothymol blue 6.0–7.6 yellow  blue

phenol red 6.8–8.4 yellow  red

thymol blue (2nd change) 8.0–9.6 yellow  blue

phenolphthalein 8.3–10.0 colourless  pink

Formula Representation

molecular formula C4H8O2

structural formula

semi-structural (condensed) formula CH3CH2CH2COOH  or  CH3(CH2)2COOH

skeletal structure

High solubility Low solubility

Compounds containing the following ions are 
soluble in water.

• Na+, K+, NH4
+, NO3

–, CH3COO–

• Cl–, Br–, I– (unless combined with Ag+ or Pb2+)

• SO4
2– (however PbSO4 and BaSO4 are not 

soluble, Ag2SO4 and CaSO4 are slightly soluble)

Compounds containing the following ions are 
generally insoluble, unless combined with Na+, K+ 
or NH4

+.

• CO3
2–, PO4

3–, S2–

• OH– (Ba(OH)2 and Sr(OH)2 are soluble; 
Ca(OH)2 is slightly soluble)

H C
O

C C C

H H H

H H H
O H

O

O H
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Use a pencil for all entries. If you make a mistake, erase the incorrect answer – do not cross it out.
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