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Introduction

The first HSC examination for the new Chemistry Stage 6 syllabus will be held in 2019. 

The syllabus and related assessment materials are available on the syllabus page of the 
NESA website. 

The Assessment and Reporting in Chemistry Stage 6 document provides the Chemistry 
HSC examination specifications. The Chemistry – Sample examination materials document 
indicates the layout and format of the HSC examination and provides examples of questions 
that may be found in HSC examinations, with annotations. 

This document, Chemistry – Additional sample examination questions, provides additional 
examples of questions that may be found in HSC examinations for Chemistry. The 
document comprises new questions, as well as questions that have been published in the 
sample examination materials and some questions that have been drawn from previous HSC 
examinations. 

The document has been developed to assist teachers to: 

•	 create sample HSC examination papers 
•	 prepare revision exercises
•	 model question design 
•	 consolidate understanding of the syllabus. 

The sample questions are arranged by module. Examples of both objective-response 
questions and short-answer questions for each of the modules, Equilibrium and Acid 
Reactions, Acid/base Reactions, Organic Chemistry and Applying Chemical Ideas, are 
provided. 

Each sample question has been mapped to show how the question relates to content, 
syllabus outcomes and bands. Questions may require candidates to integrate knowledge, 
understanding and skills from different content areas. Each question is mapped to the main 
content area(s) being assessed but may be relevant to one or more content areas. When 
a question has been mapped to multiple content areas, it has been placed under the topic 
deemed to be most relevant.

Answers for the objective-response questions and marking guidelines for the short-answer 
questions are also provided. The sample questions, sample answers and marking guidelines 
provide teachers and students with guidance as to the types of questions that may be included 
in the examination and how they may be marked. They are not meant to be prescriptive. 
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Note: 

•	 In this set of sample questions, some stimulus material is used in more than one question. 
This illustrates how the same content area can be examined in different ways. 

•	 The new Chemistry Stage 6 syllabus includes content areas that were also part of 
previous syllabuses. Where this occurs, teachers and students may still refer to past HSC 
examination papers for examples of other types of questions that are relevant. 

•	 In this document, ‘Bands’ means the performance bands targeted by the question.

•	 Preferred IUPAC nomenclature is the most current and widely recognised system of 
chemistry nomenclature, particularly for naming organic molecules.

	 In a small number of cases, especially for commonly used substances, the IUPAC 
rules prefer use of trivial names (eg, formic acid, acetic acid) over the equivalent, more 
systematic names (eg, methanoic acid, ethanoic acid).

	 IUPAC also recognises other, alternative systematic nomenclature. It does so only in 
cases where the name remains unambiguous. For example: 1-butanol, 1-butene, ammonia 
and acetylene.

	 It is important that compounds are given names that are unambiguous, that is, names that 
lead to only one structure.



– 5 –

Question List
* denotes a multiple-choice question

Module 5 Equilibrium and Acid Reactions

Question Marks Content Syllabus Outcomes Bands

Mod 5 – 1* 1 Mod 5 Static and Dynamic Equilibrium CH12−5, CH12−12 3−4

Mod 5 – 2* 1 Mod 5 Static and Dynamic Equilibrium CH12−6, CH12−12 3−4

Mod 5 – 3* 1 Mod 5 Factors that Affect Equilibrium CH12−5, CH12−12 4–5

Mod 5 – 4* 1 Mod 5 Factors that Affect Equilibrium CH12−5, CH12−12 5−6

Mod 5 – 5* 1 Mod 5 �Calculating the Equilibrium 
Constant (Keq) CH12−4, CH12−12 3−4

Mod 5 – 6* 1 Mod 5 �Calculating the Equilibrium 
Constant (Keq) CH12−4, CH12−12 3−4

Mod 5 – 7* 1 Mod 5 �Calculating the Equilibrium 
Constant (Keq) CH12−6, CH12−12 4–5

Mod 5 – 8* 1 Mod 5 �Calculating the Equilibrium 
Constant (Keq) CH12−4, CH12−12 4−5

Mod 5 – 9* 1 Mod 5 Solution Equilibria CH12−6, CH12−12 4−5

Mod 5 – 10 4 Mod 5 Static and Dynamic Equilibrium 
Mod 5 Solution Equilibria CH12−7, CH12−12 3−6

Mod 5 – 11 3 Mod 5 Static and Dynamic Equilibrium 
Mod 5 Solution Equilibria CH12−4, CH12−12 2−4

Mod 5 – 12 5 Mod 5 Factors that Affect Equilibrium CH12−5, CH12−6, 
CH12−12 2−6

Mod 5 – 13 3
Mod 5 �Calculating the Equilibrium 

Constant (Keq)
Mod 6 Quantitative Analysis

CH12−4, CH12−6, 
CH12−12 3–5

Mod 5 – 14 3
Mod 5 �Calculating the Equilibrium 

Constant (Keq)
Mod 5 Solution Equilibria   

CH12−5, CH12−6 
CH12−12 3−5

Mod 5 – 15 3 Mod 5 Solution Equilibria 
Mod 8 Analysis of Inorganic Substances

CH12−2, CH12−12, 
CH12–15 3–5

Mod 5 – 16 (a) 3 Mod 5 Solution Equilibria CH12−4, CH12−6, 
CH12−12 3−5

Mod 5 – 16 (b) 1 Mod 5 Solution Equilibria CH12−6, CH12−12 4−5

Mod 5 – 17 6 Mod 5 Solution Equilibria CH12–4, CH12–5, 
CH12–12 2–6
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Module 6 Acid/base Reactions

Question Marks Content Syllabus Outcomes Bands

Mod 6 – 1* 1 Mod 6 Properties of Acids and Bases 
Mod 8 Analysis of Organic Substances CH12−13, CH12−15 2−3

Mod 6 – 2* 1 Mod 6 Properties of Acids and Bases CH12−6, CH12−13 3−4

Mod 6 – 3* 1 Mod 6 Using Brønsted−Lowry Theory CH12−4, CH12−13 3−4

Mod 6 – 4* 1 Mod 6 Using Brønsted–Lowry Theory CH12−6, CH12−13 4−5

Mod 6 – 5* 1 Mod 6 Quantitative Analysis CH12−6, CH12−13 4−5

Mod 6 – 6* 1 Mod 6 Quantitative Analysis CH12−4, CH12−5, 
CH12−13 4–5

Mod 6 – 7* 1 Mod 6 Quantitative Analysis 
Mod 6 Using Brønsted−Lowry Theory

CH12−5, CH12−6, 
CH12−13 4–5

Mod 6 – 8* 1 Mod 6 Quantitative Analysis
Mod 6 Using Brønsted−Lowry Theory

CH12−5, CH12−6, 
CH12−13 5−6

Mod 6 – 9* 1 Mod 6 Quantitative Analysis CH12−4, CH12−13 5−6

Mod 6 – 10 (a) 2 Mod 6 Quantitative Analysis
Mod 6 Properties of Acids and Bases

CH12−2, CH12−6, 
CH12−13 3−4

Mod 6 – 10 (b) 4 Mod 6 Quantitative Analysis CH12−4, CH12−6, 
CH12−13 2−5

Mod 6 – 10 (c) 3 Mod 6 Quantitative Analysis CH12−4 CH12−6, 
CH12−13 3−5

Mod 6 – 11 3 Mod 6 Quantitative Analysis
Mod 6 Using Brønsted−Lowry Theory

CH12−5, CH12−6, 
CH12−13 4–6

Mod 6 – 12 (a) 3 Mod 6 Quantitative Analysis CH12−6, CH12−13 4−6

Mod 6 – 12 (b) 3 Mod 5 Factors that Affect Equilibrium 
Mod 6 Using Brønsted−Lowry Theory

CH12−6, CH12−12, 
CH12−13 2−5

Mod 6 – 13 (a) 3 Mod 6 Quantitative Analysis CH12−6, CH12−13 4−6

Mod 6 – 13 (b) 2 Mod 6 Quantitative Analysis CH12−6, CH12−13 4−5

Mod 6 – 14 8 Mod 6 Quantitative Analysis
CH12–2, CH12–3, 
CH12–4, CH12–6, 
CH12–13

2–6

Module 7 Organic Chemistry

Question Marks Content Syllabus Outcomes Bands

Mod 7 – 1* 1 Mod 7 Nomenclature CH12−7, CH12−14 2−3

Mod 7 – 2* 1 Mod 7 Nomenclature CH12−14 3−4

Mod 7 – 3* 1 Mod 7 Nomenclature CH12−6, CH12−14 3−4

Mod 7 – 4* 1 Mod 7 Nomenclature  
Mod 7 Hydrocarbons CH12−6, CH12−14 4−5

Mod 7 – 5* 1 Mod 7 Hydrocarbons CH12−14 2−3

Mod 7 – 6* 1 Mod 7 �Reactions of Organic Acids and 
Bases CH12−7, CH12−14 2−3
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Mod 7 – 7* 1 Mod 7 �Reactions of Organic Acids and 
Bases CH12−3, CH12−14 3−4

Mod 7 – 8 (a) 3 Mod 7 Hydrocarbons 
Mod 7 Nomenclature CH12−4, CH12−14 3−5

Mod 7 – 8 (b) 4 Mod 7 Hydrocarbons 
Mod 7 Alcohols

CH12−4, CH12−7, 
CH12−14 2−5

Mod 7 – 9 7 Mod 7 �Products of Reactions Involving 
Hydrocarbons

CH12−5, CH12–6, 
CH12−14 2−6

Mod 7 – 10 3 Mod 7 Alcohols CH12−5, CH12−6, 
CH12−14 3–5

Mod 7 – 11 (a) 4 Mod 7 �Reactions of Organic Acids and 
Bases CH12−2, CH12−14 2−5

Mod 7 – 11 (b) 2 Mod 7 �Reactions of Organic Acids and 
Bases CH12−2, CH12−14 3−4

Mod 7 – 12 8 Mod 7 �Reactions of Organic Acids and 
Bases

CH12−2, CH12−7, 
CH12−14 2–6

Mod 7 – 13 3 Mod 7 �Reactions of Organic Acids and 
Bases

CH12−4, CH12−7,  
CH12−14 2−4

Mod 7 – 14 7 Mod 7 Polymers CH12–7, CH12–14 2–6

Module 8 Applying Chemical Ideas	

Question Marks Content Syllabus Outcomes Bands

Mod 8 – 1* 1 Mod 8 Analysis of Inorganic Substances CH12−2, CH12−15 2−3

Mod 8 – 2* 1 Mod 8 Analysis of Inorganic Substances CH12−5, CH12−15 3−4

Mod 8 – 3* 1 Mod 8 Analysis of Inorganic Substances CH12−4, CH12−15 3−4

Mod 8 – 4* 1 Mod 8 Analysis of Inorganic Substances CH12−5, CH12−15 5−6

Mod 8 – 5* 1 Mod 8 Analysis of Inorganic Substances CH12−6, CH12−15 5−6

Mod 8 – 6* 1 Mod 8 Analysis of Organic Substances CH12−4, CH12−7, 
CH12−15 3−4

Mod 8 – 7* 1 Mod 8 Analysis of Organic Substances CH12−5, CH12−7, 
CH12−15 4−5

Mod 8 – 8* 1 Mod 8 Chemical Synthesis and Design 
Mod 5 Factors that Affect Equilibrium

CH12−5, CH12−6, 
CH12−15 4–5

Mod 8 – 9* 1 Mod 8 Chemical Synthesis and Design 
Mod 5 Factors that Affect Equilibrium

CH12−5, CH12−6, 
CH12−15 5−6

Mod 8 – 10 4
Mod 8 Chemical Synthesis and Design
Mod 8 Analysis of Inorganic Substances
Mod 6 Quantitative Analysis

CH12−4, CH12−6, 
CH12−13, CH12−15 2−5

Mod 8 – 11 9 Mod 8 Analysis of Inorganic Substances 
Mod 5 Factors that Affect Equilibrium

CH12−2, CH12–6, 
CH12–7, CH12−15 2−6

Mod 8 – 12 3 Mod 8 Analysis of Inorganic Substances CH12−5, CH12−7, 
CH12−15 3–5

Mod 8 – 13 (a) 3 Mod 8 Analysis of Inorganic Substances CH12−4, CH12−15 2−5

Mod 8 – 13 (b) 3 Mod 8 Analysis of Inorganic Substances CH12−5, CH12−6, 
CH12−15 4−6
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Mod 8 – 14 4 Mod 8 Analysis of Inorganic Substances CH12–2, CH12–4, 
CH12–15 2–5

Mod 8 – 15 3 Mod 8 Analysis of Organic Substances CH12−6, CH12−15 2−4

Mod 8 – 16 4 Mod 8 Analysis of Organic Substances CH12−4, CH12−7, 
CH12−15 2–5

Mod 8 – 17 (a) 2 Mod 8 Analysis of Organic Substances CH12−15 2–3

Mod 8 – 17 (b) 3 Mod 8 Analysis of Organic Substances CH12−15 2–4

Mod 8 – 18 3 Mod 8 Analysis of Organic Substances CH12−15 2–4
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Module 5 Equilibrium and Acid Reactions

Mod 5 – Question 1

Particle  reacts with particle  to form the molecule . The system comes to an 
equilibrium.

The diagram shows the initial reactants.

Dynamic

A.

Static

B.

C.

D.

Which combination of diagrams best represents the molecule in a dynamic equilibrium and a 
static equilibrium?

Dynamic

A.

Static

B.

C.

D.

Content Syllabus outcomes Bands Key
Mod 5 Static and Dynamic Equilibrium CH12–5, CH12–12 3–4 A
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Mod 5 – Question 2

The conversion of calcium carbonate to calcium oxide and carbon dioxide is a reversible 
reaction and will reach equilibrium under certain conditions.

In which diagram is the system most likely to have reached equilibrium?

CaOCaCO3

CaCO3

CO2

CaOCaCO3

CO2

CaO

CO2

lidD.no lidC.

lidB.no lidA.

Content Syllabus outcomes Bands Key
Mod 5 Static and Dynamic Equilibrium CH12–6, CH12–12 3–4 D
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Mod 5 – Question 3

Nitrogen dioxide (a brown gas) and dinitrogen tetroxide (a colourless gas) are both forms of 
oxides of nitrogen. They are in equilibrium according to the equation

2NO2(g)    N2O4(g) .

An equilibrium mixture of the two gases at room temperature is light brown but at higher 
temperatures the colour becomes a much deeper brown.

What conclusion can be drawn from this observation?

A.	 The reverse reaction in the equation is endothermic.

B.	 The forward reaction in the equation is endothermic.

C.	 The brown colour is due to the strong nitrogen–oxygen bonds in NO2.

D.	 The equilibrium concentration of N2O4 is not dependent on temperature.

Content Syllabus outcomes Bands Key
Mod 5 Factors that Affect Equilibrium CH12–5, CH12–12 4–5 A
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Mod 5 – Question 4

Three gases X, Y and Z were mixed in a closed container and allowed to reach equilibrium. 
A change was imposed at time T and the equilibrium was re-established. The concentration of 
each gas is plotted against time.

C
on

ce
nt

ra
tio

n
(m

ol
 L

–1
)

Time

T

X

Y

Z

0.02

0.04

0.06

0.12

0.10

0.08

Which reaction does the graph represent?

A.	 X(g)  +  Y(g)    2Z(g) 

B.	 2X(g)    Y(g)  +  Z(g) 

C.	 2X(g)    Y(g)  +  3Z(g)

D.	 X(g)    Y(g)  +  Z(g)

Content Syllabus outcomes Bands Key
Mod 5 Factors that Affect Equilibrium CH12–5, CH12–12 5–6 D
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Mod 5 – Question 5

Consider the following reaction.

2NOCl(g)    2NO(g)  +  Cl2(g)

What is the equilibrium expression for this reaction?

A.
2 NO[ ] Cl2⎡⎣ ⎤⎦

2 NOCl[ ]

B.
NO[ ]2 Cl2⎡⎣ ⎤⎦

NOCl[ ]2

C.
2 NOCl[ ]

2 NO[ ] Cl2⎡⎣ ⎤⎦

D.
NOCl[ ]2

2 NO[ ]2 Cl2⎡⎣ ⎤⎦

Content Syllabus outcomes Bands Key
Mod 5 Calculating the Equilibrium 
Constant (Keq)

CH12–4, CH12−12 3–4 B

Mod 5 – Question 6

Hydrogen gas reacts with iodine gas to form hydrogen iodide according to the following 
equation.

H2(g)  +  I2(g)    2HI(g)   at 700 k

At equilibrium, the concentrations for H2, I2 and HI are as follows: 0.214 mol L–1, 
0.214 mol L–1 and 1.57 mol L–1 respectively.

What is the value of the equilibrium constant for this reaction?

A.	 0.018

B.	 0.029

C.	 34.3

D.	 53.8

Content Syllabus outcomes Bands Key
Mod 5 Calculating the Equilibrium 
Constant (Keq)

CH12–4, CH12−12 3–4 D
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Mod 5 – Question 7

At a certain temperature, the Keq for the following reaction is 75.

2O3(g)    3O2(g)

0.3 mol of O3 and 1.5 mol of O2 were introduced to a 5 L reaction vessel.

Which row of the table correctly identifies the direction of the equilibrium shift and the reason 
for the shift?

Direction favoured Reason

A. Left Q > Keq

B. Left Q < Keq

C. Right Q > Keq

D. Right Q < Keq

Content Syllabus outcomes Bands Key
Mod 5 Calculating the Equilibrium 
Constant  (Keq)

CH12–6, CH12–12 4–5 D
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Mod 5 – Question 8

0.20 moles of phosphorus pentachloride were heated to 200°C in a 2 L container in the presence 
of a vanadium catalyst according to the following reaction.

PCl5(g)    PCl3(g)  +  Cl2(g)

At equilibrium, the mixture was found to contain 0.16 moles of chlorine. 

Which of the following is the equilibrium constant for this reaction at this temperature?

A.	 0.32

B.	 0.64

C.	 1.56

D.	 3.13

Content Syllabus outcomes Bands Key
Mod 5 Calculating the Equilibrium 
Constant  (Keq)

CH12–4, CH12−12 4–5 A

Mod 5 – Question 9

What will happen when sulfuric acid is added to a saturated solution of sparingly soluble 
calcium sulfate?

A.	 The concentration of calcium and sulfate ions will increase over time due to the presence 
of H+ ions.

B.	 The concentration of calcium and sulfate ions will decrease over time due to the presence 
of H+ ions.

C.	 The concentration of calcium and sulfate ions will increase over time due to the presence 
of SO4

2– ions.

D.	 The concentration of calcium and sulfate ions will decrease over time due to the presence 
of SO4

2– ions.

Content Syllabus outcomes Bands Key
Mod 5 Solution Equilibria CH12–6, CH12−12 4–5 D
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Mod 5 – Question 10 (4 marks)

Describe the changes that occur in both bonding and entropy when potassium chloride 
is dissolved in water. Support your answer with a labelled diagram.

Mapping grid:
Content Syllabus outcomes Bands
Mod 5 Static and Dynamic Equilibrium

Mod 5 Solution Equilibria

CH12–7, CH12–12 3–6

Marking guidelines:
Criteria Marks
•	 Provides a description of the changes in both bonding and entropy

•	 Supports answer with a labelled diagram
4

•	 Demonstrates some understanding of the changes that occur in bonding 
and/or entropy 2–3

•	 Demonstrates an understanding of bonding or entropy

OR

•	 Draws a labelled diagram

1

Sample answer:

Potassium chloride is an ionic compound soluble in water. Water is a polar molecule with 
hydrogen bonding between the molecules. The partially negatively charged oxygen in the 
water attracts the potassium ion and the partially positively charged hydrogen attracts 
the chloride ion, breaking the ionic bonds and forming ion‑dipole bonds. The entropy of 
the system is increased as the ordered lattice of the salt is broken and the ions disperse 
randomly throughout the solution.

4
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Mod 5 – Question 11 (3 marks)

Draw a labelled diagram to show the dissociation of sodium chloride in water.

Mapping grid:
Content Syllabus outcomes Bands
Mod 5 Static and Dynamic Equilibrium

Mod 5 Solution Equilibria

CH12–4, CH12−12 2–4

Marking guidelines:
Criteria Marks
•	 Draws a labelled diagram that clearly shows the dissociation of NaCl into 

ions, the dipole on water molecules and the formation of ion-dipole bonds 3

•	 Provides a substantially correct labelled diagram 2
•	 Provides some relevant information 1

Sample answer:

Ion-dipole forces

Negative dipole
attracted to positive

sodium ions

Positive dipole
attracted to negative

chloride ions

Na+

OH

H

O
H H

O H

H

d+

d+d+

d+

d+ d+

d–

d–

d–

Cl–

O

H
H

O
H

H

O

H

H

d+

d+

d+

d+

d+

d–

d–

d–

3
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Mod 5 – Question 12 (5 marks)

An industrial plant makes ammonia from nitrogen gas and hydrogen gas. The reaction 
is exothermic.

The graph shows the adjustments made to increase the yield of ammonia.

N2

t1 t2 t30 Time
(minutes)

Concentration
(mol L–1)

NH3

H2

Account for the changes in conditions that have shaped the graph during the time the 
system was observed. Include a relevant chemical equation in your answer.

Mapping grid:
Content Syllabus outcomes Bands
Mod 5 Factors that Affect Equilibrium CH12–5, CH12–6, 

CH12−12
2–6

Marking guidelines:
Criteria Marks
•	 Provides reasons for the changes in conditions for all intervals

•	 Relates changes to Le Chatelier’s principle

•	 Includes a relevant chemical equation

5

•	 Relates the specific changes in conditions for two intervals to  
Le Chatelier’s principle 

•	 Includes a relevant chemical equation
4

•	 Outlines the specific changes in conditions that result in changes at t1, t2 
and t3

3

•	 Outlines changes that occurred 

OR 

•	 Provides reason(s) for a change that occurred

2

•	 Provides some relevant information 1

Question 12 continues on page 19

5
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Question 12 (continued)

Sample answer:
N2(g)  +  3H2(g)   2NH3(g)    ΔH  =  –92 kJ mol–1

From t = 0 to t = t1, the system is at equilibrium. At t1 there is a sharp increase in the 
concentration of nitrogen which is likely to be due to more nitrogen being introduced to the 
system. According to Le Chatelier’s principle, when a system at equilibrium is disturbed, 
the equilibrium will shift in the direction that minimises the change. So the equilibrium will 
shift to the right to use up more nitrogen which will produce a greater yield of ammonia until 
equilibrium is re-established. 

At t2, the concentration of both reactants and products increases sharply, most likely due 
to a decrease in volume of the reaction vessel which will produce an increase in pressure 
on the system. In the above equation, it can be seen that there are 4 moles of gas on the 
left-hand side of the equation and 2 moles of gas on the right-hand side. An increase in 
pressure will cause the system to shift to counteract the change and thus move to the side 
with fewer moles of gas to reduce pressure. This increases the yield of ammonia as the 
forward reaction is favoured until equilibrium is re-established.

At t3 there is a change to the system that favours the reverse reaction. As the concentration 
of reactants and products does not change suddenly, this is most likely to be due to a 
change in temperature. As this reaction is exothermic, an increase in temperature is likely to 
have occurred which will favour the reaction that absorbs heat. Thus the reverse reaction is 
favoured, lowering the yield of ammonia until equilibrium is re‑established.

End of Question 12
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Mod 5 – Question 13 (3 marks)

Butanoic acid is a natural product and a component of human sweat.

Calculate the value of Ka for butanoic acid if a 0.10 mol L–1 solution has a pH of 2.9 
at 298 K.

Mapping grid:
Content Syllabus outcomes Bands
Mod 5 Calculating the Equilibrium Constant (Keq)

Mod 6 Quantitative Analysis

CH12–4, CH12−6, 
CH12−12

3–5

Marking guidelines:
Criteria Marks

•	 Correctly calculates Ka 3

•	 Provides the main steps of the calculation 2
•	 Provides some relevant information 1

Sample answer:

C3H7COOH(aq)! C3H7COO
− (aq) +H+ (aq) Ka =

C3H7COO
−⎡

⎣⎢
⎤
⎦⎥ H

+⎡
⎣⎢

⎤
⎦⎥

C3H7COOH⎡⎣ ⎤⎦

pH = 2.9 = − log H+⎡
⎣⎢

⎤
⎦⎥

H+⎡
⎣⎢

⎤
⎦⎥ = 1.26 × 10

−3 mol L−1 = C3H7COO
−⎡

⎣⎢
⎤
⎦⎥

C3H7COO⎡⎣ ⎤⎦ = 0.10 − 1.26 × 10
−3 = 0.0987mol L−1

Ka =
1.26 × 10−3( )2
0.0987

= 1.6 × 10−5

3
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Mod 5 – Question 14 (3 marks)

When a sample of solid silver chloride is added to a 1.00 × 10−2 mol L−1 sodium 
chloride solution, only some of the silver chloride dissolves.

Calculate the equilibrium concentration of silver ions in the resulting solution, given 
that the Ksp of silver chloride is 1.80 × 10−10.

Mapping grid:
Content Syllabus outcomes Bands
Mod 5 Calculating the Equilibrium Constant (Keq)

Mod 5 Solution Equilibria

CH12–5, CH12–6, 
CH12–12

3–5

Marking guidelines:
Criteria Marks

•	 Correctly calculates  Ag+   and includes appropriate units 3

•	 Provides the main steps of the calculation 2
•	 Provides some relevant information 1

Sample answer:

Let  Ag+   = x mol L–1

Then, the concentration (in mol L–1) of Ag+ and Cl– in the various stages will be:

AgCl(s)


Ag+(aq) + Cl–(aq)

Initial 0 1.00 × 10–2

Change x x

At equilibrium x 1.00 × 10–2 + x

Ksp =  Ag+     Cl–   = 1.80 × 10–10 

x   1.00 × 10–2 + x   = 1.80 × 10–10 

Assuming that x is small compared to initial  Cl–   ,  1.00 × 10–2 + x   ≈ 1.00 × 10–2

	x   1.00 × 10–2  ≈ 1.80 × 10–10 

	 x ≈ 1.80 × 10–8 

	  Ag+   ≈ 1.80 × 10–8 mol L–1

3
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Mod 5 – Question 15 (3 marks)

The diagrams represent equipment used in an investigation to determine the chloride 
ion concentration in a water sample.

Water
sample

Sintered
glass filter

Water
sample

Precipitate

Vacuum
pump

Filtrate

AgNO3
solution

Figure 1 Figure 2

Describe how the chloride ion concentration in a water sample can be determined 
using the equipment in the diagrams. Include a relevant chemical equation.

Mapping grid:
Content Syllabus outcomes Bands
Mod 5 Solution Equilibria

Mod 8 Analysis of Inorganic Substances

CH12–2, CH12–12, 
CH12–15

3–5

Question 15 continues on page 23

3
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Question 15 (continued)

Marking guidelines:
Criteria Marks
•	 Describes how the chloride ion concentration in a water sample can be 

determined

•	 Recognises that AgNO3 is added in excess to the water sample

•	 Shows how AgCl precipitate can be used to calculate mass of Cl

•	 Writes correct balanced equation

3

•	 Outlines some steps in determining the concentration of chloride ions in 
a water sample 2

•	 Provides some relevant information 1

Sample answer:

The set-up shown allows Cl– to form a precipitate with Ag+, Cl–(aq) + Ag+(aq)  AgCl(s). 
To ensure that all chloride ions are precipitated, excess silver nitrate is dropped into the 
solution.

The sintered glass filter together with the vacuum pump could filter the AgCl(s) within an 
effective time frame. The precipitate should be weighed once it is dry to determine its mass.

We can determine the moles of AgCl(s) using the mass. Since the ratio of Ag+ and Cl– 
is 1 : 1, the moles can be used to determine the mass of the Cl– ions and therefore its 
concentration if we know the mass of the water sample.

End of Question 15
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Mod 5 – Question 16 (4 marks)

A 100 mL saturated solution of calcium hydroxide at 25°C contains 0.173 g of 
calcium hydroxide.

(a)	 Calculate the solubility product (Ksp) of this salt at 25°C.

(b)	 Explain why the undissolved solid is not included in the expression for the 
solubility product constant.                                                                                                                     

Mapping grid (a):
Content Syllabus outcomes Bands
Mod 5 Solution Equilibria CH12–4, CH12–6, 

CH12–12
3–5

Marking guidelines (a):
Criteria Marks
•	 Correctly calculates Ksp  for calcium hydroxide at 25°C 3
•	 Provides the main steps of the calculation 2
•	 Provides some relevant information 1

Sample answer:

Ca(OH)2(s)  →  Ca2+(aq)  +  2OH–(aq)

Ksp = [Ca2+] [OH–]2

Concentration of Ca(OH)2 = 0.173 g/100 mL

Formula mass of calcium hydroxide = 74.093 g

n = m/M = 0.173/74.093 = 0.00233  moles in 100 mL

Concentration in mol L–1 = 0.0233 mol L–1

Concentration of Ca2+ = 0.0233 mol L–1 and concentration of OH– = 0.0466 mol L–1

Ksp = 0.0233 × (0.0466)2

	 = 5.06 × 10–5

Question 16 continues on page 25

3

1
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Question 16 (continued)

Mapping grid (b):
Content Syllabus outcomes Bands
Mod 5 Solution Equilibria CH12–6, CH12–12 4–5

Marking guidelines (b):
Criteria Marks
•	 Correctly explains why the undissolved solid is not included in the Ksp 

expression 1

Sample answer:

The amount of undissolved solid is not included in the Ksp expression because it remains 
constant. There is no change in concentration.

End of Question 16
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Mod 5 – Question 17 (6 marks)

The information in the table shows how the solubility of lead chloride is affected by 
temperature.

Temperature (°C) Solubility (g/100 g water)

0 0.25

20 0.35

40 0.55

60 0.90

80 1.75

100 3.20

Using a graph, calculate the solubility product (Ksp) of the dissolution of lead chloride 
at 50°C. Include a fully labelled graph and a relevant chemical equation in your 
answer.

Question 17 continues on page 27

6
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Question 17 (continued)

Mapping grid:
Content Syllabus outcomes Bands
Mod 5 Solution Equilibria CH12−4, CH12−5, 

CH12−12
2–6

Marking guidelines:
Criteria Marks
•	 Correctly calculates Ksp

•	 Provides a fully labelled graph showing correct scale and line of best fit

•	 Includes a relevant chemical equation

6

•	 Applies correct process to calculate Ksp

•	 Provides a fully labelled graph showing correct scale and line of best fit

•	 Includes a relevant chemical equation

5

•	 Provides some steps to calculate Ksp

•	 Provides a labelled graph showing scale and line of best fit

•	 Includes a relevant chemical equation

4

•	 Provides a substantially correct graph showing scale and line of best fit

OR

•	 Plots some correct points and includes a relevant chemical equation 

2–3

•	 Provides some basic features of the graph 1

Question 17 continues on page 28
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Question 17 (continued)

Sample answer:

Solubility of Lead Chloride

Temperature (°C)

S
ol

ub
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ty
 (g

/1
00

 g
 w

at
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)

0
0

0.5

1

1.5

2

2.5

3

3.5

20 40 60 80 100 120

PbCl2(s)→ Pb2+ (aq) + 2Cl− (aq)

At 50°C, solubility is 0.7g/100 mL, so it is 7 g/L.

Convert this to mol L–1

	 n	= 
m
M

	 n	= 
7

278.1
	

		 = 0.0252

∴ 0.0252 mol L–1

Ksp		= x × (2x)2

Ksp		= 4x3

Ksp		= 4(0.0252)3 = 4 × 1.6 × 10–5

		 = 6 × 10–5

End of Question 17
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Module 6 Acid/base Reactions

Mod 6 – Question 1

The structure of an organic compound is shown.

H

H

C

H

C

H

C

H

C

H

C C

O

O

H

H

Which row of the table correctly shows how this compound reacts with bromine water and 
with blue litmus?

Bromine water Blue litmus

A. No reaction No reaction

B. No reaction Turns red

C. Decolourises No reaction

D. Decolourises Turns red

Content Syllabus outcomes Bands Key
Mod 6 Properties of Acids and Bases

Mod 8 Analysis of Organic Substances

CH12–13, CH12–15 2–3 D

Mod 6 – Question 2

Which of the following is NOT a Brønsted–Lowry reaction?

A.	 NH4
+  +  NH2

–    2NH3 

B.	 CO2  +  OH–    HCO3
– 

C.	 HClO4  +  CH3COOH    CH3COOH2
+  +  ClO4

–

D.	 CH3CH2O– +  CH3NH3
+    CH3CH2OH  +  CH3NH2

Content Syllabus outcomes Bands Key
Mod 6 Properties of Acids and Bases CH12–6, CH12–13 3–4 B
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Mod 6 – Question 3

Which beaker contains a concentrated strong acid?

A B C D

Content Syllabus outcomes Bands Key
Mod 6 Using Brønsted–Lowry Theory CH12–4, CH12–13 3–4 D

Mod 6 – Question 4

Which of the following is the conjugate base of the dihydrogen phosphate ion (H2PO4
–1)?

A.	 H3PO4

B.	 HPO4
–2

C.	 PO4
–3

D.	 OH–1

Content Syllabus outcomes Bands Key
Mod 6 Using Brønsted-Lowry Theory CH12–6, CH12−13 4–5 B
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Mod 6 – Question 5

The pKa of trichloroacetic acid is 0.70 and the pKa of acetic acid is 4.8. 

Which of the following identifies the acid with the higher pH and explain why?

A.	 Acetic acid as it is less likely to lose a hydrogen ion

B.	 Acetic acid as it is more likely to lose a hydrogen ion

C.	 Trichloroacetic acid as it is less likely to lose a hydrogen ion

D.	 Trichloroacetic acid as it is more likely to lose a hydrogen ion

Content Syllabus outcomes Bands Key
Mod 6 Quantitative Analysis CH12–6, CH12−13 4–5 A

Mod 6 – Question 6

Equal volumes of four different acids are titrated with the same base at 25°C.

Information about these acids is given in the table.

Acid Concentration 
(mol L–1)

pH

HCl 0.1 1.0

H3PO4 0.1 1.6

CH3COOH 0.1 2.9

HCN 0.1 5.1

Which acid requires the greatest volume of base for complete reaction?

A.	 HCl 

B.	 H3PO4 

C.	 CH3COOH 

D.	 HCN 

Content Syllabus outcomes Bands Key
Mod 6 Quantitative Analysis CH12–4, CH12–5, 

CH12–13
4–5 B
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Mod 6 – Question 7

A solution containing potassium dihydrogen phosphate and potassium hydrogen phosphate is 
a common laboratory buffer with a pH close to 7.

Which row of the table correctly identifies the chemistry of this buffer?

Buffer equation

Equilibrium shift

Acid is added 
to the solution

Alkali is added 
to the solution

A. HPO4
2−  +  H2O    PO4

3−  +  H3O+ Right Left

B. HPO4
2−  +  H2O    PO4

3−  +  H3O+ Left Right

C. H2PO4
−  +  H2O    HPO4

2−  +  H3O+ Right Left

D. H2PO4
−  +  H2O    HPO4

2−  +  H3O+ Left Right

Content Syllabus outcomes Bands Key
Mod 6 Quantitative Analysis

Mod 6 Using Brønsted–Lowry Theory

CH12–5, CH12–6, 
CH12–13

4–5 D

Mod 6 – Question 8

Chlorous acid (HClO2) has a pKa of 1.96 . Nitrous acid (HNO2) has a pKa of 3.39 .

Which of the following solutions has the highest pH?

A.	 0.1 M HNO2 

B.	 0.1 M HClO2 

C.	 0.1 M NaNO2 

D.	 0.1 M NaClO2

Content Syllabus outcomes Bands Key
Mod 6 Quantitative Analysis

Mod 6 Using Brønsted–Lowry Theory

CH12–5, CH12–6, 
CH12–13 

5–6 C
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Mod 6 – Question 9

A neutralisation reaction takes place between 50 mL of 0.1 mol L–1 sulfuric acid and 75 mL of 
0.15 mol L–1 sodium hydroxide.

What is the pH of the solution after the reaction has occurred?

A.	 pH 2

B.	 pH 7

C.	 pH 12

D.	 pH 13

Content Syllabus outcomes Bands Key
Mod 6 Quantitative Analysis CH12–4, CH12–13 5–6 C
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Mod 6 – Question 10 (9 marks)

A titration is carried out to determine the citric acid content of 1 L of orange juice. 
Citric acid, C6H8O7, has the following structural formula and is a triprotic weak acid.

O OOH

HO OH

OHO

 
First, a solution of sodium hydroxide was standardised by titration against potassium 
hydrogen phthalate (a weak acid) and found to have a concentration of exactly 
0.0540 mol L–1.

Next, the orange juice was diluted by taking 10 mL of juice and making it up to 50 mL 
with distilled water. 25 mL samples of the diluted orange juice were placed in clean 
conical flasks and titrated against the standardised sodium hydroxide. The average 
amount of sodium hydroxide needed to reach equivalence was 17.3 mL.

(a)	 Identify a suitable indicator for this titration and justify your answer.

Question 10 continues on page 35

2



– 35 –

Question 10 (continued)	

(b)	 Complete the graphs to show the change in pH and the change in conductivity 
during the titration. Indicate the equivalence point on each graph.
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Question 10 continues on page 36

4
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Question 10 (continued)

(c)	 Calculate the number of grams of citric acid present in 1 L of undiluted orange 
juice.

Mapping grid (a):
Content Syllabus outcomes Bands
Mod 6 Quantitative Analysis

Mod 6 Properties of Acids and Bases

CH12–2, CH12–6, 
CH12–13

3–4

Marking guidelines (a):
Criteria Marks
•	 Identifies a suitable indicator 

•	 Provides a justification for the choice
2

•	 Identifies a suitable indicator 

OR

•	 Provides a justification for the use of an indicator

1

Sample answer:

As the equivalence point will be about pH 8, an indicator that changes colour at this point 
would be required. Thus phenolphthalein would be a suitable indicator.

Mapping grid (b):
Content Syllabus outcomes Bands
Mod 6 Quantitative Analysis CH12–4, CH12–6, 

CH12–13 
2–5

Marking guidelines (b):
Criteria Marks
•	 Provides TWO correct graphs with equivalence point indicated for each 4
•	 Provides TWO substantially correct graphs with an equivalence point 

indicated 

OR

•	 Provides TWO correct graphs

3

•	 Provides a substantially correct graph with an equivalence point indicated

OR

•	 Provides TWO substantially correct graphs

2

•	 Provides some relevant information 1

Question 10 continues on page 37

3
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Question 10 (continued)

Sample answer:

Titration of a weak acid with a strong base

after equivalence

equivalence point

before equivalence

initial
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Question 10 continues on page 38
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Question 10 (continued)

Mapping grid (c):
Content Syllabus outcomes Bands
Mod 6 Quantitative Analysis CH12–4, CH12–6, 

CH12–13
3–5

Marking guidelines (c):
Criteria Marks
•	 Correctly calculates grams of citric acid present in 1 L of orange juice 3
•	 Provides some steps of the calculation 2
•	 Provides some relevant information 1

Sample answer:

C6H8O7  +  3NaOH    C6H8O6Na3  +  3H2O

Average volume used was 17.3 mL of 0.0540 mol L–1 sodium hydroxide.

n = cV 

	 = 0.0540 × 0.0173 

	 = 9.342 × 10–4 moles

Number of moles in 25 mL diluted orange juice = 3.12 × 10–4 moles. 

As this was a 1 in 5 dilution

•	 1.56 × 10–3 moles citric acid in 25 mL of undiluted juice

•	 0.0624 moles citric acid in 1 L of undiluted juice 

Molecular weight of citric acid = 192.124 g 

∴ mass of citric acid in 1 L of orange juice 

= 0.0624 × 192.124

= 12 g

End of Question 10
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Mod 6 – Question 11 (3 marks)

The graph shows changes in pH for the titrations of equal volumes of solutions of two 
monoprotic acids, Acid 1 and Acid 2.

Volume of KOH(aq) (mL)

pH

2

0
0 10 20 30 40 50 60

4

6

8
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12

14

Acid 1

Acid 2

Explain the differences between Acid 1 and Acid 2 in terms of their relative strengths 
and concentrations.

Mapping grid:
Content Syllabus outcomes Bands
Mod 6 Quantitative Analysis

Mod 6 Using Brønsted–Lowry Theory

CH12–5, CH12–6, 
CH12–13

4–6

Marking guidelines:
Criteria Marks
•	 Explains the differences between Acid 1 and Acid 2 in terms of strength 

and concentration

•	 Relates pH of equivalence point to the nature of each acid

•	 Relates concentration to amount of base used

3

•	 Explains the difference between Acid 1 and Acid 2 in terms of strength or 
concentration

OR

•	 Describes the strengths and concentrations of Acid 1 and Acid 2 using 
information from the graph

2

•	 Provides some relevant information 1

Sample answer:

Acid 1 is a strong acid as equivalence point is at pH = 7 and initial pH is at 1. Acid 2 is 
a weaker acid as pH at equivalence point is >7 and initial pH is >1. Acid 2 has a higher 
concentration than Acid 1 as it doesn’t take that much more KOH to neutralise it.

3
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Mod 6 – Question 12 (6 marks)

(a)	 The pH of a 0.30 M aqueous propanoic acid solution was measured to be 2.7 . 
The dissociation of propanoic acid is represented below.

CH3CH2COOH(aq)  +  H2O(l)    CH3CH2COO−(aq)  +  H3O+(aq) 

	 Calculate the Ka of the solution.

(b)	 Explain how the pH of the propanoic acid solution would change if it was 
diluted.

Mapping grid (a):
Content Syllabus outcomes Bands
Mod 6 Quantitative Analysis CH12–6, CH12–13 4–6

Marking guidelines (a):
Criteria Marks
•	 Correctly calculates Ka 3
•	 Provides the main steps of the calculation 2
•	 Provides some relevant information 1

Sample answer:

pH = –log10 H3O+⎡
⎣⎢

⎤
⎦⎥ = 2.7

∴ H3O+⎡
⎣⎢

⎤
⎦⎥ = CH3CH2COO–⎡

⎣⎢
⎤
⎦⎥ = 10–2.7 = 1.995 × 10–3  mol L–1

Ka =
H3O+⎡
⎣⎢

⎤
⎦⎥ CH3CH2COO–⎡
⎣⎢

⎤
⎦⎥

CH3CH2COOH⎡⎣ ⎤⎦

Ka =
1.995 × 10–3( ) 1.995 × 10–3( )

0.30 – 1.995 × 10–3( )
Ka = 1.3 × 10–5

Question 12 continues on page 41

3

3
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Question 12 (continued)

Answers could include:

Concentration (mol L–1) CH3CH2COOH H3O+ CH3CH2COO–

Initial 0.30 0 0

Change – x + x + x

At equilibrium (0.30 – x) x x

x = H3O+⎡
⎣⎢

⎤
⎦⎥

pH = − log10 H3O+⎡
⎣⎢

⎤
⎦⎥ = 2.7

x = H3O+⎡
⎣⎢

⎤
⎦⎥ = 10−2.7 = 1.995 × 10−3  mol L−1

Ka =
H3O+⎡
⎣⎢

⎤
⎦⎥ CH3CH2COO−⎡
⎣⎢

⎤
⎦⎥

CH3CH2COOH⎡⎣ ⎤⎦

= x2

0.30 − x( )

=
1.995 × 10−3( )2

0.30 − 1.995 × 10−3( )
= 1.3 × 10−5

Question 12 continues on page 42
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Question 12 (continued)

Mapping grid (b):
Content Syllabus outcomes Bands
Mod 5 Factors that Affect Equilibrium

Mod 6 Using Brønsted–Lowry Theory

CH12–6, CH12–12, 
CH12–13

2–5

Marking guidelines (b):
Criteria Marks
•	 Provides an explanation of how the pH would change 3
•	 Demonstrates some understanding of the relationship between pH and 

dilution 2

•	 Provides some relevant information 1

Sample answer:

Propanoic acid is a weak acid and thus will only partially ionise in solution.

CH3CH2COOH(aq) + H2O(l )  CH3CH2COO–(aq) + H3O+(aq)

When the acid is diluted, the concentration of all species (including the hydronium ion) 
decreases. However, the effect of the decreasing concentrations of dissolved species 
causes the equilibrium to shift to the right (according to Le Chatelier). While there is 
an increase in ionisation, this is not sufficient to counter the decrease in hydronium 
ion concentration caused by the addition of water (dilution effect). The net effect is the 
hydronium ion concentration decreases and the pH increases.

End of Question 12
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Mod 6 – Question 13 (5 marks)

(a)	 Explain why a mixture of acetic acid (1 M) and sodium acetate (1 M) can act as 
a buffer while a mixture of hydrochloric acid (1 M) and sodium chloride (1 M) 
cannot.

(b)	 What determines the pH of a buffer solution?

Mapping grid (a):
Content Syllabus outcomes Bands
Mod 6 Quantitative Analysis CH12–6, CH12–13 4–6

Marking guidelines (a):
Criteria Marks
•	 Explains why a mixture of acetic acid and sodium acetate can act as a 

buffer while a mixture of hydrochloric acid and sodium chloride cannot 3

•	 Explains why a mixture of acetic acid and sodium acetate can act as a 
buffer

OR

•	 Explains why a mixture of hydrochloric acid and sodium chloride cannot 
act as a buffer

2

•	 Provides some relevant information 1

Sample answer:

A mixture of acetic acid and sodium acetate is a mixture of a weak acid and the salt of 
its conjugate base. As the conjugate base of a weak acid is a moderately strong base, 
CH3COO– will have a tendency to react with H+ ions in solution according to the following 
equation:

CH3COOH(aq)   CH3COO– (aq)  +  H+(aq).

Any addition of H+ ions will drive the equilibrium to the left absorbing H+ ions and minimising 
any change in pH. Any addition of OH– ions will remove H+ ions from the above equation 
and thus drive the reaction in the forward direction generating more H+ ions and keeping the 
pH more or less constant.

The conjugate base of a strong acid is a weak base and thus Cl– ions will have no tendency 
to react with H+ ions. Any additional H+ ions or OH– ions will simply change the pH.

Question 13 continues on page 44

3

2
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Question 13 (continued)

Mapping grid (b):
Content Syllabus outcomes Bands
Mod 6 Quantitative Analysis CH12–6, CH12–13 4–5

Marking guidelines (b):
Criteria Marks
•	 Correctly identifies what determines the pH of a buffer solution 2
•	 Provides some relevant information 1

Sample answer:

The pH of the buffer depends on the pKa of the acid and the relative concentrations of the 
acid and its conjugate base.

End of Question 13
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Mod 6 – Question 14 (8 marks)

The flowchart shown outlines the sequence of steps used to determine the concentration 
of an unknown hydrochloric acid solution.

Preparation of
500 mL 0.100 mol L−1 sodium

carbonate standard solution

Titration

Concentration of
hydrochloric acid solution

Unknown
hydrochloric acid

solution

25.0 mL used

Average titration
volume of acid 21.4 mL

Describe steps A, B and C including correct techniques, equipment and appropriate 
calculations. Determine the concentration of the hydrochloric acid.

Mapping grid:
Content Syllabus outcomes Bands
Mod 6 Quantitative Analysis CH12–2, CH12–3, 

CH12–4, CH12–6, 
CH12–13

2–6

Question 14 continues on page 46
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Question 14 (continued)

Marking guidelines:
Criteria Marks
•	 Demonstrates a comprehensive understanding of all THREE steps by 

describing features of steps with appropriate reference to techniques and 
equipment used

•	 Determines concentration of HCl correctly with correct equation

7–8

•	 Demonstrates a sound understanding of all THREE steps by outlining 
features of steps with appropriate reference to some techniques and 
equipment used

•	 Provides ONE correct calculation and correct equation

5–6

•	 Demonstrates some understanding of all THREE steps. Refers to some 
techniques and equipment used

•	 Calculates moles or mass of Na2CO3 or correct equation
3–4

•	 Demonstrates a basic understanding of some steps or refers to some 
techniques or equipment used

OR 

•	 Calculates formula mass of Na2CO3, or titrated moles or mass of Na2CO3 
with some outline of procedure

OR

•	 Calculates correct concentration of HCl

OR

•	 Provides correct equation and refers to some techniques or equipment 
used

1–2

Question 14 continues on page 47



– 47 –

Question 14 (continued)

Sample answer:

1.	 Na2CO3 should be initially dried and stored in a dessicator.

2.	 Weigh out accurately 5.30 g of dried Na2CO3.
	 Mass of Na2CO3 = 0.1× 0.5 × 105.99

3.	 Clean and rinse a 500 mL volumetric flask with distilled water.

4.	 Add the weighted Na2CO3 to the volumetric flask using a funnel and wash using 
distilled water. Add distilled water to the flask to the bottom of the meniscus.

5.	 Clean, rinse, and fill a 50 mL burette with the unknown acid and place on a retort 
stand.

6.	 Clean a 250 mL conical flask and rinse with distilled water.

7.	 Clean a 25 mL pipette and rinse with 0.1 M Na2CO3 solution. Fill pipette with Na2CO3 
solution to bottom of meniscus.

8.	 Add pipette volume into conical flask. Add suitable indicator to the conical flask. Place 
a white tile under the conical flask.

9.	 Slowly add acid solution from the burette into the conical flask. When indicator 
changes colour record the final volume. This initial titration should be taken as a rough 
test. Three more titrations should be performed with the average titration being used 
for calculations.

10.	 Calculate the concentration of HCl

	 2H+ (aq) + CO3
2– (aq)→ H2CO3(aq)→ H2O(l) + CO2(g)

	

moles of Na2CO3 = 0.1× 0.025

= 2.5 × 10−3

	

moles of HCl = 2 × moles of Na2CO3

= 5 × 10−3

	

Concentration of HCl = moles of HCl
vol of HCl

= 5 × 10−3

21.4 × 10−3

= 0.234 mol L−1

End of Question 14
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Module 7 Organic Chemistry

Mod 7 – Question 1

The formula for a compound is shown.

C

CH3CH3

CH2

CH3

CH3CH3 CH2 CH CH2

What is the name of this compound?

A.	 3,3,5-trimethylheptane

B.	 3,5,5-trimethylheptane

C.	 3,4-dimethyl-5-ethylhexane

D.	 2-ethyl-2,4-dimethylhexane

Content Syllabus outcomes Bands Key
Mod 7 Nomenclature CH12–7, CH12–14 2–3 A
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Mod 7 – Question 2

How many chain isomers does pentane have?

A.	 1

B.	 2

C.	 3

D.	 4

Content Syllabus outcomes Bands Key
Mod 7 Nomenclature CH12–14 3–4 C

Mod 7 – Question 3

In which of the following pairs are the substances isomers of each other?

A.	 Pent-1-ene and 2-methylbut-1-ene

B.	 Pentane and 2,3-dimethylbutane

C.	 Pentanal and penan-1-ol

D.	 Dichloromethane and trichloromethane

Content Syllabus outcomes Bands Key
Mod 7 Nomenclature CH12–6, CH12–14 3–4 A

Mod 7 – Question 4

Which of the following isomeric alkanes has the lowest boiling temperature?

A.	 2-methylpentane

B.	 2,2-dimethylbutane

C.	 3-methylpentane

D.	 Hexane

Content Syllabus outcomes Bands Key
Mod 7 Nomenclature

Mod 7 Hydrocarbons

CH12–6, CH12−14 4–5 B
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Mod 7 – Question 5

Within a homologous series such as the alkanes, boiling points

A.	 are all approximately the same.

B.	 increase as the molar masses increase.

C.	 are independent of intermolecular forces.

D.	 decrease as the molecules become larger.

Content Syllabus outcomes Bands Key
Mod 7 Hydrocarbons CH12–14 2–3 B

Mod 7 – Question 6

The formula for an ester is shown.

C O

O

CH3 CH2 CH2

CH2 CH3

Which alkanol and alkanoic acid were used to make this ester?

A.	 Ethanol and butanoic acid

B.	 Pentanol and ethanoic acid

C.	 Butanol and propanoic acid

D.	 Pentanol and pentanoic acid

Content Syllabus outcomes Bands Key
Mod 7 Reactions of Organic Acids and 
Bases

CH12–7, CH12–14 2–3 A
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Mod 7 – Question 7

An esterification reaction is to be performed.

Which of the following substances, when added, would increase the yield of the product?

A.	 Water

B.	 Boiling chips

C.	 More alkanol

D.	 Dilute sulfuric acid

Content Syllabus outcomes Bands Key
Mod 7 Reactions of Organic Acids and 
Bases

CH12–3, CH12–14 3–4 C
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Mod 7 – Question 8 (7 marks)

(a)	 Draw the structural formulae and name all possible isomers of hexane.

(b)	 Primary, unbranched alcohols and alkanes of the same carbon length have quite 
different boiling points. 

	 Explain the difference in boiling point of these organic compounds, showing all 
intermolecular forces. Support your answer with diagrams.	   

Mapping grid (a):
Content Syllabus outcomes Bands
Mod 7 Hydrocarbons

Mod 7 Nomenclature

CH12–4, CH12–14 3–5

Marking guidelines (a):
Criteria Marks
•	 Correctly draws and names structural formulae for all 5 isomers 3
•	 Correctly draws and names some isomers 2
•	 Provides some relevant information 1

Sample answer:
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H

H
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H
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Hexane 2-methylpentane

H

H
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H
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H
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C HH

2,2-dimethylbutane

CH3H3C

H

H

C

H

C C

H

H

C

H

HH

2,3-dimethylbutane

3-methylpentane

Question 8 continues on page 53
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Question 8 (continued)

Mapping grid (b):
Content Syllabus outcomes Bands
Mod 7 Hydrocarbons

Mod 7 Alcohols

CH12–4, CH12–7, 
CH12–14

2–5

Marking guidelines (b):
Criteria Marks
•	 Explains the difference in boiling point of the organic compounds

•	 Supports answer with diagrams showing all intermolecular forces
4

•	 Explains the difference in boiling point of the organic compounds

•	 Supports answer with a diagram showing all intermolecular forces

OR

•	 Draws annotated diagrams to explain the difference in boiling point of the 
organic compounds

3

•	 Links bonding to boiling points of the organic compounds

OR 

•	 Links bonding to boiling point of one of the organic compounds and 
supports answer

2

•	 Provides some relevant information 1

Sample answer:

Alkanes are saturated hydrocarbons consisting of carbon and hydrogen atoms only. All 
atoms are joined together by single covalent bonds and these bonds are non-polar. The only 
intermolecular forces holding alkane molecules together are weak dispersion forces (Van 
der Waals) so alkanes have low boiling points.

Question 8 continues on page 54
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Question 8 (continued)

d+ d– d+ d–

Unequal distribution
of electrons Attractive force

Temporary dipoles

In contrast, alcohols have an OH functional group and the OH bond is polar thus the 
molecule has a dipole where the oxygen atom is slightly negatively charged and the 
hydrogen is slightly positively charged. The hydrogen atom on one molecule will form an 
electrostatic bond with the oxygen atom on another atom thus forming a hydrogen bond.

d–

d–d+

d+0CCH

H

H

H

H H

Hydrogen bond

H H

H H

H

0 C C H

As hydrogen bonds are much stronger intermolecular forces than dispersion forces, the 
boiling points of alcohols are much higher than their corresponding alkanes.

End of Question 8
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Mod 7 – Question 9 (7 marks)

This flow chart shows reactions involving six different organic compounds (A to F).

A
C5H10

A
C5H10

E
C5H10

F
C5H10

B
C5H12O

D No
reaction

KMnO4 ∕ H2SO4
(strong oxidant)

KMnO4 ∕ H2SO4
(strong oxidant)

C
C5H12O

Heating with
concentrated

H2SO4

Heating with
concentrated

H2SO4

Reacting with
dilute H2SO4

Draw the structures of compounds A to F, justifying your diagrams with reference to 
the information provided.

Mapping grid:
Content Syllabus outcomes Bands
Mod 7 Products of Reactions Involving 
Hydrocarbons

CH12–5, CH12–6, 
CH12–14

2–6

Marking guidelines:
Criteria Marks
•	 Correctly draws the structures of the six compounds and provides a 

justification for each compound 7

•	 Correctly draws most of the structures with relevant justifications 6
•	 Correctly draws some of the structures with relevant justifications 4–5
•	 Identifies some characteristics of the compound(s) 2–3
•	 Provides some relevant information 1

Question 9 continues on page 56

7
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Question 9 (continued)

Sample answer:

A undergoes an addition reaction with water to form two alkanols, B and C. C must be a 
tertiary alcohol since it does not undergo oxidation.

The only tertiary alcohol with a formula of C5H10O is:

CH3 CH2

CH3

C CH3

OH

  which is C.

B is another alcohol formed by addition of water to A. Given the structure of C, B could be 
either 2-methylbutan-1-ol:

HOCH2

CH3

C

H

C CH3

H H

       

OR 3-methylbutan-2-ol:

  

CH3

CH3

C

H

C CH3

H OH

	

B gives two products when dehydrated with concentrated H2SO4: A and E. 
2-methylbutan-1-ol only gives one dehydration product, whereas 3-methylbutan-2-ol gives 
two. This means that B must be 3-methylbutan-2-ol: 

CH3

CH3

C

H

C CH3

H OH

B is a secondary alkanol. Oxidation produces a ketone D.  CH3

CH3

C C CH3

H O

Question 9 continues on page 57
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Question 9 (continued)

A can be formed by the dehydration of both B and C using concentrated H2SO4.

Therefore A is  CH3 C

CH3 H

C CH3

B dehydrates to either A or E. So E is  CH3

CH3

C

H

C CH2

H

C dehydrates to either A or F. So F is  CH2 CH2

CH3

C CH3

End of Question 9
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Mod 7 – Question 10 (3 marks)

Calculate the mass of methanol that must be burnt to increase the temperature of 250 g 
of water by 65°C, if exactly half of the heat released by this combustion is lost to the 
surroundings.

The heat of combustion of methanol is 726 kJ mol–1.

Mapping grid:
Content Syllabus outcomes Bands
Mod 7 Alcohols CH12–5, CH12–6,  

CH12–14
3–5

Marking guidelines:
Criteria Marks
•	 Correctly calculates initial mass of methanol 3
•	 Provides the main steps of the calculation 2
•	 Provides some relevant information 1

Sample answer:

q = mcDT

q = 250 × 10–3 × 4.18 × 103 × 65

67 925 J = 67.925 kJ

1 mole = 726 kJ

nmethanol = 
67.925

726
 

mmethanol = 
67.925

726
 × 32.042

Since 50% of heat has been lost

Initial mass methanol = 2 × 
67.925

726
 × 32.042

 initial mass methanol	 = 5.996

	 = 6.0 g

3
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Mod 7 – Question 11 (6 marks)

(a)	 Design a procedure that can be used to produce the ester, ethyl ethanoate, in a                                 
school laboratory.

(b)	 Describe a safety precaution in the production of an ester in a school laboratory.              

Mapping grid (a):
Content Syllabus outcomes Bands
Mod 7 Reactions of Organic Acids and Bases CH12–2, CH12–14 2–5

Marking guidelines (a):
Criteria Marks
•	 Provides a suitable procedure for making ethyl ethanoate 4
•	 Provides a suitable procedure for making an ester 3
•	 Identifies some steps for making an ester 2
•	 Provides some relevant information 1

Sample answer:

1.	 Set up a mantle or hot plate and reflux equipment. 

2.	 Pour 10 mL ethanol into a round bottom flask and add 20 mL of glacial acetic acid.

3.	 Add 1 mL of concentrated sulfuric acid to the mixture and boiling chips and heat under 
reflux for 45 minutes. 

4.	 Allow to cool and then transfer contents of the round bottom flask to a separating funnel.

5.	 Wash with plenty of distilled water to remove any excess alcohol and acetic acid. The 
ester layer will float on top of the aqueous layer so expel the lower aqueous layer in the 
separating funnel.

6.	 Finally, add a solution of 1 mol L–1 sodium carbonate to remove any final traces of acid. 
Once again, the ester will float on top of the aqueous layer which can be let out of the 
bottom of the separating funnel.

Question 11 continues on page 60

4

2
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Question 11 (continued)

Mapping grid (b):
Content Syllabus outcomes Bands
Mod 7 Reactions of Organic Acids and Bases CH12–2, CH12–14 3–4

Marking guidelines (b):
Criteria Marks
•	 Describes a relevant safety precaution 2
•	 Provides some relevant information 1

Sample answer:

Ethanol is flammable. Use a heating mantle/hot plate rather than a naked flame to heat the 
solution to prevent fires.

End of Question 11
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Mod 7 – Question 12 (8 marks)

Design a procedure that can be used to produce an ester in a school laboratory. Include 
a scientific diagram of the set-up and justify safety precautions.

Mapping grid:
Content Syllabus outcomes Bands
Mod 7 Reactions of Organic Acids and Bases CH12–2, CH12–7, 

CH12–14
2–6

Marking guidelines:
Criteria Marks
•	 Provides a suitable procedure specifying chemicals for making an ester 

including the catalyst

•	 Provides a scientific diagram showing the necessary equipment and the 
refluxing process 

•	 Justifies safety precautions

8

•	 Provides a suitable procedure for making an ester 

•	 Provides a scientific diagram showing the necessary equipment and the 
refluxing process 

•	 Includes safety precautions and justifies one of them

7

•	 Provides a procedure for making an ester 

•	 Provides a scientific diagram showing the equipment and the refluxing 
process 

•	 Includes safety precautions

6

•	 Provides a procedure for making an ester 

•	 Provides a diagram showing the equipment and the refluxing process 

•	 Includes one safety precaution

5

•	 Provides some steps for making an ester 

•	 Provides a relevant diagram and/or includes safety precaution(s)
3–4

•	 Provides some relevant information 1–2

Question 12 continues on page 62

8
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Question 12 (continued)

Sample answer:

Water out

Water in

Mixture of alkanol
and alkanoic acid

Condenser

Round bottom flask

Heating mantle

Procedure:

1.	 Set up a mantle or hot plate and reflux equipment.

2.	 Pour 10 mL ethanol into a round bottom flask and add 20 mL of glacial acetic acid.

3.	 Add 1 mL of concentrated sulfuric acid to the mixture and boiling chips and heat under 
reflux for 45 minutes.

4.	 Allow to cool and then transfer contents of the round bottom flask to a separating funnel.

5.	 Wash with plenty of distilled water to remove any excess alcohol and acetic acid. The 
ester layer will float on top of the aqueous layer so expel the lower aqueous layer in the 
separating funnel.

6.	 Finally, add a solution of 1 mol L–1 sodium carbonate to remove any final traces of acid. 
Once again, the ester will float on top of the aqueous layer which can be let out of the 
bottom of the separating funnel.

Safety precautions:

Ethanol is flammable. Use a heating mantle/hot plate rather than a naked flame to heat the 
solution to prevent fires. 

Since there will be a strong unpleasant smell, windows should be opened to ventilate the 
area. A fume cupboard should be used if available.

End of Question 12
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Mod 7 – Question 13 (3 marks)

Explain how soap can be used to remove grease from clothing. Support your answer 
with a labelled diagram.

Mapping grid:
Content Syllabus outcomes Bands
Mod 7 Reactions of Organic Acids and Bases CH12–4, CH12–7, 

CH12–14
2–4

Marking guidelines:
Criteria Marks
•	 Explains how soap can be used to remove grease

•	 Supports answer with a labelled diagram
3

•	 Outlines how soap can be used to remove grease 2
•	 Provides some relevant information 1

Sample answer:

Soap particles

Grease on
surface

Grease

Water
Water

Water

Soap molecules consist of two parts: a hydrophobic ‘tail’ consisting of fatty acids; and a 
hydrophilic, charged ‘head’. The grease on dirty clothes will attract the hydrophobic tails 
which will embed themselves in the grease particle. The hydrophilic heads will be attracted 
to the water and will lift the grease off the clothes and suspend it in the water as shown in 
the diagram.

3
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Mod 7 – Question 14 (7 marks)

Contrast ONE addition polymer and ONE condensation polymer in terms of their 
structures, properties and uses. Include structural formulae in your answers.  

Mapping grid:
Content Syllabus outcomes Bands
Mod 7 Polymers CH12–7, CH12–14 2–6

Marking guidelines:
Criteria Marks
•	 Shows differences between an addition and a condensation polymer in 

terms of their structures, properties and uses

•	 Includes a structural formula for each  
7

•	 Shows differences between an addition and a condensation polymer in 
terms of their structures, properties and uses

•	 Includes a structural formula 
6

•	 Shows differences between an addition and a condensation polymer in 
terms of at least two of these: structures, properties or uses 4–5

•	 Outlines features of an addition and/or a condensation polymer 2–3
•	 Identifies an addition or a condensation polymer 1

Answers could include:

•	 Polyethylene is an addition polymer made by the addition of ethylene monomers with the 

following structural formula. 
H

C

H

O

C (CH2)4 NH(CH2)6 NH

O

C

H

C

H n

n

  

•	 Nylon is a condensation polymer made from 1,6-diaminohexane and adipic acid by 
splitting out water molecules, with the following structural formula.

	

H

C

H

O

C (CH2)4 NH(CH2)6 NH

O

C

H

C

H n

n  

•	 Polyethylene is weatherproof, low cost, and has good chemical resistance.

•	 There are two main types of polyethylene: low density polyethylene (LDPE) which is 
semi-rigid and is used to produce plastic sauce bottles, flexible water pipe, cling wrap; 
and high density polyethylene (HDPE) which is fluid and is used to produce shopping 
bags and plastic drums.

•	 Nylon is strong, relatively resistant to abrasions and moisture absorptivity, long lasting, 
resistant to chemicals and is used to make nylon fibre. Nylon is used for a variety 
of applications including clothing, reinforcement in rubber material like car tyres, for 
use as a rope or thread, and for a number of injection-moulded parts for vehicles and 
mechanical equipment.

7
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Module 8 Applying Chemical Ideas

Mod 8 – Question 1

What is the best way to identify whether a solution contains barium ions or calcium ions?

A.	 Add chloride ions to the solution: barium will precipitate but calcium will not

B.	 Add carbonate ions to the solution: barium will precipitate but calcium will not

C.	 Do a flame test: barium produces a scarlet flame and calcium a blue/green flame 

D.	 Do a flame test: barium produces a pale green flame and calcium a brick red flame

Content Syllabus outcomes Bands Key
Mod 8 Analysis of Inorganic Substances CH12–2, CH12−15 2–3 D

Mod 8 – Question 2

It is suspected that a stream is contaminated with metal ions. A sample of water from the 
stream was analysed.

The results of some tests on the sample are recorded in the table.

Test Result

Add dilute HCl No change

Add Na2SO4 solution White precipitate formed

Flame test Pale green colour

What is the most likely contaminant in the water?

A.	 Ba2+ 

B.	 Ca2+ 

C.	 Cu2+ 

D.	 Fe3+ 

Content Syllabus outcomes Bands Key
Mod 8 Analysis of Inorganic Substances CH12–5, CH12–15 3–4 A
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Mod 8 – Question 3

A diagram of an atomic absorption spectrophotometer is shown.

Monochromator

Hollow
cathode lamp

Flame

Nebuliser

Photomultiplier

Test solution

Computer

What is the purpose of the hollow cathode lamp?

A.	 To excite the sample

B.	 To atomise the sample

C.	 To produce white light

D.	 To produce light of specific wavelengths

Content Syllabus outcomes Bands Key
Mod 8 Analysis of Inorganic Substances CH12–4, CH12−15 3–4 D
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Mod 8 – Question 4 

A section of the emission spectrum of a mercury lamp is shown.

wavelength (nm)650 600

623.4 615.2

Light at 623.4 nm and 615.2 nm from the mercury lamp was passed through a sample of water 
containing mercury, and the intensities were then measured by a detector.

I (x nm)	 = Intensity of light at a wavelength of x nm from the lamp

Id (x nm) = Intensity of light at a wavelength of x nm at the detector

Which of the following pairs of intensities can be used in the determination of the amount of 
mercury in the water sample using atomic absorption spectroscopy (AAS)?

A.	 I (615.2 nm) and Id (615.2 nm)

B.	 I (615.2 nm) and Id (623.4 nm)

C.	 I (615.2 nm) and I (623.4 nm)

D.	 Id (615.2 nm) and Id (623.4 nm)

Content Syllabus outcomes Bands Key
Mod 8 Analysis of Inorganic Substances CH12–5, CH12–15 5–6 A
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Mod 8 – Question 5

All the lead ions present in a 50.0 mL solution were precipitated by reaction with excess 
chloride ions. The mass of the dried precipitate was 0.595 g.

What was the concentration of lead in the original solution?

A.	 8.87 g L–1

B.	 10.2 g L–1

C.	 11.9 g L–1

D.	 16.0 g L–1

Content Syllabus outcomes Bands Key
Mod 8 Analysis of Inorganic Substances CH12–6, CH12–15 5–6 A

Mod 8 – Question 6

The diagram shows the infrared spectrum of a compound.
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Which compound was analysed?

A.	 Butane

B.	 Propanol

C.	 Propanal

D.	 Butanoic acid

Content Syllabus outcomes Bands Key
Mod 8 Analysis of Organic Substances CH12−4, CH12−7, 

CH12−15
3–4 B



– 69 –

Mod 8 – Question 7

A colorimeter was used to calculate the percentage of iron in a 0.200 gram tablet. The tablet 
was dissolved and oxidised, then reacted with thiosulfate according to the equation

Fe3+(aq)  +  SCN–(aq)    [FeSCN]2+
(aq) .

The resulting solution was made up to 200 mL with distilled water. The absorbance of the final 
solution was measured to be 0.6105 .

The calibration curve shows the absorbance of various concentrations of Fe3+.
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0.800
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How much iron was in the tablet?

A.	 1.10 × 10–5 g

B.	 5.50 × 10–5 g

C.	 6.14 × 10–4 g

D.	 3.07 × 10–3 g

Content Syllabus outcomes Bands Key
Mod 8 Analysis of Organic Substances CH12−5, CH12−7, 

CH12−15
4–5 C
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Mod 8 – Question 8

Phosgene is prepared from the reaction of carbon monoxide and chlorine in the presence of a 
catalyst.

CO(g)  +  Cl2(g)    COCl2(g)      DH = – 9.93 kJ mol–1

Which set of conditions would produce the highest yield of phosgene?

A.	 Low temperature, low pressure

B.	 Low temperature, high pressure

C.	 High temperature, low pressure

D.	 High temperature, high pressure

Content Syllabus outcomes Bands Key
Mod 8 Chemical Synthesis and Design

Mod 5 Factors that Affect Equilibrium

CH12–5, CH12–6 
CH12–15 

4–5 B
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Mod 8 – Question 9

The graph represents the yield of an equilibrium reaction, Z, at different temperature and 
pressure conditions inside a reaction vessel.
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Which reaction could produce the trends shown in the graph?

A.	 X(g)  +  Y(g)    3Z(g)	 DH = +100 kJ

B.	 X(g)  +  Y(g)    2Z(g)	 DH = –100 kJ

C.	 2X(g)  +  2Y(g)    Z(g)	 DH = +100 kJ

D.	 4X(g)  +  2Y(g)    3Z(g)	 DH = –100 kJ

Content Syllabus outcomes Bands Key
Mod 8 Chemical Synthesis and Design

Mod 5 Factors that Affect Equilibrium

CH12–5, CH12–6, 
CH12–15

5–6 D
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Mod 8 – Question 10 (4 marks)

A common antacid tablet contains aluminium hydroxide to neutralise stomach acid. 
In order for the antacid to be effective, each 500 mg tablet must contain a minimum 
of 200 mg of aluminium hydroxide.

Two antacid tablets were crushed and reacted with 70 mL of 0.60 mol L–1 hydrochloric 
acid. After the antacid had reacted with the acid, the remaining hydrochloric acid 
was titrated against 0.60 mol L–1 sodium hydroxide. The average volume of sodium 
hydroxide used was 35 mL. 

Calculate the amount of aluminium hydroxide present in each tablet and justify 
whether the tablets will be effective as an antacid.

Mapping grid:
Content Syllabus outcomes Bands
Mod 8 Chemical Synthesis and Design

Mod 8 Analysis of Inorganic Substances 

Mod 6 Quantitative Analysis

CH12–4, CH12–6, 
CH12–13, CH12–15

2–5

		

Marking guidelines:
Criteria Marks
•	 Calculates the amount of aluminium hydroxide in each tablet 

•	 Justifies why the tablets will be effective as an antacid
4

•	 Applies the correct process to calculate the amount of aluminium 
hydroxide in each tablet and draws a relevant conclusion

OR

•	 Correctly calculates the amount of aluminium hydroxide in each tablet

3

•	 Provides some steps of the calculation 2
•	 Provides some relevant information 1

Question 10 continues on page 73

4
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Question 10 (continued)

Sample answer:

Number of moles of hydrochloric acid in 70 mL     n = cV
	 = 0.60  ×  0.070
	 = 0.042 moles

35 mL of the sodium hydroxide contains 0.60 × 0.035 = 0.021 moles. Thus 0.021 moles of 
hydrochloric acid remaining. Therefore 0.021 moles must have reacted with the antacid in 
the tablets.

3HCl(aq)  +  Al(OH)3(aq)    AlCl3(s)  +  3H2O(l)

As the mole ratio is 3 : 1 there must be 0.021 / 3 moles of aluminium hydroxide in the 
tablets. This = 0.007 moles in 2 tablets.

Formula weight of aluminium hydroxide = 78 g. The mass of aluminium hydroxide in  
2 tablets = 0.007  ×  78 = 0.546 g thus each 500 mg tablet would contain 273 mg of 
aluminium hydroxide. The tablets are effective as 273 mg is more than the required  
200 mg.

End of Question 10
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Mod 8 – Question 11 (9 marks)

Limestone (CaCO3) contributes to the hardness of water by releasing Ca2+ ions. The 
following chemical equation represents this reaction.

CaCO3(s)  +  H2O(l)  +  CO2(g)    Ca2+(aq)  +  2HCO3
−(aq)    (DH < 0)

It has been suggested that heating water reduces its hardness.

Explain how this suggestion can be tested accurately, validly and reliably.

Mapping grid:
Content Syllabus outcomes Bands
Mod 8 Analysis of Inorganic Substances

Mod 5 Factors that Affect Equilibrium

CH12–2, CH12–6,  
CH12–7, CH12–15

2–6

Marking guidelines:
Criteria Marks
•	 Explains how the suggestion can be tested

•	 Includes measures to ensure accuracy, validity and reliability of data
9

•	 Describes a process for testing the suggestion

•	 Addresses at least two of these areas: accuracy, validity, reliability
7–8

•	 Outlines relevant steps for testing the suggestion

•	 Shows some understanding of accuracy, validity or reliability
5–6

•	 Outlines relevant step(s) for testing the suggestion

AND/OR

•	 Shows some understanding of accuracy, validity or reliability

3–4

•	 Identifies relevant step(s) for testing the suggestion

AND/OR

•	 Shows a basic understanding of accuracy, validity or reliability

1–2

Question 11 continues on page 75

9
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Question 11 (continued)

Sample answer:

Atomic absorption spectroscopy (AAS), which is used to detect concentrations of metal 
ions in solutions, can be used to test the suggestion. AAS can be used to determine the 
concentration of Ca2+ in both heated and non-heated samples of water. If heating water can 
reduce its hardness, the concentration of Ca2+ should be less for the heated sample.

To do this, prepare a series of standard solutions of known concentrations of Ca2+ and 
measure their absorbance. Plot the concentrations and absorbance of the standard solutions 
and draw a line of best fit (the calibration curve). Next, measure the absorbance of two 
water samples – one before heating and one after. Using the absorbance and the calibration 
curve, calculate the concentration of Ca2+ in each sample and compare the concentrations 
between the heated and unheated samples.

AAS when calibrated correctly is very accurate. Concentrations of calcium ions at the parts 
per million level (ppm) can be easily measured. To ensure that AAS is correctly calibrated, 
the standard solutions need to be accurately prepared. Solids should be carefully weighed 
and solutions can be transported using a pipette or a similar tool to ensure accuracy. Tap 
water is usually full of ions such as Na+ and Ca2+, so deionised water should be used. 
To enhance reliability, ensure that sufficient calibration samples are used and that the 
measurement of absorbance is repeated and averaged. It is possible to produce reliable 
results that fall closely to the line of best fit of the calibration curve with only a very small 
margin of error.

To further improve reliability, many samples of heated and non-heated water can be used 
to make sure that the concentrations of Ca2+ in the heated water samples are consistently 
lower than the concentrations of Ca2+ in the unheated water samples.

AAS also allows the suggestion to be validly tested. When a specific lamp for calcium is 
shone through the solution, only calcium ions will absorb the specific frequency as each 
element has its own unique fingerprint. This enables the experiment to measure what is 
intended so that an accurate and valid conclusion can be made.

Answers could include:

Use of gravimetric analysis or other chemical analysis.

End of Question 11
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Mod 8 – Question 12 (3 marks)

A colorimeter was used to calculate the percentage of iron in a 0.200 gram tablet. 
The tablet was dissolved and oxidised, then reacted with thiosulfate according to the 
equation

Fe3+(aq)  +  SCN –(aq)    [FeSCN]2+
(aq) .

The resulting solution was made up to 200 mL with distilled water. The absorbance 
of the final solution was measured to be 0.6105 .

The calibration curve shows the absorbance of various concentrations of Fe3+.
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Calculate the percentage of iron in the tablet.

Mapping grid:
Content Syllabus outcomes Bands
Mod 8 Analysis of Inorganic Substances CH12–5, CH12–7, 

CH12–15
3–5

Question 12 continues on page 77
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Question 12 (continued)

Marking guidelines:
Criteria Marks
•	 Correctly calculates the percentage of iron showing appropriate working 3
•	 Provides the main steps of the calculation 2
•	 Provides some relevant information 1

Sample answer:

From graph, absorbance of 0.615  initial  Fe3+   = 5.5 × 10–5 mol L–1 in 200 mL solution.

To calculate moles of Fe3+:	 n = cV

	 = 5.5 × 10–5 mol L–1 × 0.2 L

	 = 1.1 × 10–5 mol

Mass of iron	 = 55.85 g mol–1 × 1.1 × 10–5 mol

	 = 6.14 × 10–4 g

Percentage of iron	= 6.14 × 10–4

0.200
 × 100

	 = 0.307%

End of Question 12
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Mod 8 – Question 13 (6 marks)

Fe2+ and X react to form an ionic compound according to the general equation

a Fe2+  +  b X    [Fea(X)b]2a+
 

where a and b are numbers representing the ratio in which Fe2+ and X combine.

Spectrophotometry was used to determine the stoichiometric ratio between Fe2+ and 
X. To do this, eight 10 mL samples were prepared by reacting solutions of Fe2+ with 
solutions of X in varying ratios. All Fe2+ and X solutions had the same concentration. 
The absorbance of the samples is tabulated below.

Samples

Volume of Fe2+ 
solution (mL)

0.00 1.00 2.00 3.00 4.00 5.00 6.00 10.00

Volume of X solution 
(mL)

10.00 9.00 8.00 7.00 6.00 5.00 4.00 0.00

Absorbance at 
508 nm

0.00 0.42 0.84 0.98 0.84 0.70 0.56 0.00

(a)	 On the grid, construct a graph of absorbance against volume of Fe2+ solution 
from 0.00 mL to 6.00 mL, and draw TWO lines of best fit.

Question 13 continues on page 79
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Question 13 (continued)

(b)	 The reaction proceeds according to the general equation

a Fe2+  +  b X    [Fea(X)b]2a+
 .

	 Find the values of a and b. Justify your answer with reference to the data given 
and the graph in part (a).

Mapping grid (a):
Content Syllabus outcomes Bands
Mod 8 Analysis of Inorganic Substances CH12–4, CH12–15 2–5

Marking guidelines (a):
Criteria Marks
•	 Uses appropriate scale
•	 Labels axes correctly with units
•	 Plots points accurately
•	 Draws lines of best fit

3

•	 Provides a substantially correct graph 2
•	 Provides some basic features of the graph 1

Sample answer:

0 1 2 3

Volume of Fe2+ solution (mL)

A
bs

or
ba

nc
e

4 5 6
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

Question 13 continues on page 80
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Question 13 (continued)

Mapping grid (b):
Content Syllabus outcomes Bands
Mod 8 Analysis of Inorganic Substances CH12–5, CH12–6, 

CH12–15
4–6

Marking guidelines (b):
Criteria Marks
•	 Finds the values of a and b

•	 Justifies answer with reference to the data given and the graph
3

•	 Finds the values of a and b with some justification

OR

•	 Provides some explanation of the reactions with reference to the data 
given and/or the graph

2

•	 Provides some relevant information 1

Sample answer:

The graph shows an increase in Fe2+ ions as the amount of compound X decreases, 
indicating an excess of Fe2+ ions limiting the products. It reaches a maximum when the 
correct stoichiometric ratio for the equation is obtained. This occurs when 2.5 mL Fe2+ to 
7.5 mL compound X are reacted. As the concentrations of the initial solutions are equal, 
equal volumes produce equal moles. Hence a = 1 and b = 3. The curve then decreases as 
there is less Fe2+. 

End of Question 13
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Mod 8 – Question 14 (4 marks)

A bottle of solution is missing its label. It is either Pb(NO3)2, Ba(NO3)2 or Fe(NO3)2.

Using only HCl, NaOH and H2SO4 solutions, outline a sequence of steps that could be 
followed to confirm the identity of the solution in the bottle. Include observed results 
and ionic equations in your answer.

Mapping grid:
Content Syllabus outcomes Bands
Mod 8 Analysis of Inorganic Substances CH12–2, CH12–4, 

CH12–15
2–5

Marking guidelines:
Criteria Marks
•	 Provides clear logical sequence of steps to identify the solution

•	 Provides observations and conclusions

•	 Provides correct ionic equations

4

•	 Provides a sequence of steps that could identify the solution

•	 Provides some observations

•	 Provides ONE ionic equation

3

•	 Provides a step to identify the solution

•	 Includes ONE observation or equation
2

•	 Provides some relevant information 1

Sample answer:

White precipitate
Therefore

Pb(NO3)2 present

White precipitate
Therefore

Ba(NO3)2 present

Green precipitate
Therefore

Fe(NO3)2 present

Sample

No precipitate

No precipitate

Add HCl

Add H2SO4

Add NaOH

Fe2+(aq) + 2OH–(aq) →  Fe(OH)2(s)

Ba2+(aq) + SO4
2–(aq) → BaSO4(s)

Pb2+(aq) + 2Cl–(aq) →  PbCl2(s)

4
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Mod 8 – Question 15 (3 marks)

The diagram shows the deflection paths of different ions through a mass spectrometer.

Deflection paths

Account for the different deflection paths.

Mapping grid:
Content Syllabus outcomes Bands
Mod 8 Analysis of Organic Substances CH12–6, CH12–15 2–4

Marking guidelines:
Criteria Marks
•	 Provides reasons for the different paths 3
•	 Outlines a reason for the different paths 2
•	 Provides some relevant information 1

Sample answer:

The positively charged ions are accelerated through an electric field before passing into 
a magnetic field. This causes the ions to travel in a curved path where the curvature 
is dependent upon the mass to charge ratio and the speed at which the ions enter the 
magnetic field. Lighter ions have less momentum and are deflected more strongly than 
heavier ions.

3
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Mod 8 – Question 16 (4 marks)

The diagram shows the infrared spectrum of a compound.

4000 3500 3000 2500 2000
Wave number (cm–1)

T
ra

ns
m

itt
an

ce

1800 1600 1400 1200 1000 800

30

40

50

60

70

80

The molecular weight of the compound analysed is approximately 60 g mol−1. Suggest 
TWO possible compounds that could fit this spectrum and justify your selection.

Mapping grid:
Content Syllabus outcomes Bands
Mod 8 Analysis of Organic Substances CH12–4, CH12–7, 

CH12–15 
2–5

Question 16 continues on page 84
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Question 16 (continued)

Marking guidelines:
Criteria Marks
•	 Suggests two possible compounds with justification 4
•	 Suggests at least one possible compound and shows a sound 

understanding of infrared spectra and functional groups 3

•	 Suggests possible compound(s) and/or shows some understanding of 
infrared spectra and/or functional groups 2

•	 Provides some relevant information 1

Sample answer:

The first set of absorbance forms a broad trough maximising at around 3400 cm–1 and 
spread from around 3100−3600 cm–1. Based on the infrared absorption data provided, this 
suggests that a hydroxyl group is likely to be present. The second trough occurs between 
2700 and 3100 cm–1 and the intensity trough is not broad, which closely matches the data 
for the C––H bond. There is little absorbance between 2500−1500 cm–1, suggesting the 
lack of a C==0 group. Therefore, neither a carboxylic acid nor ketone is being analysed. The 
peak for the C––O bond occurs at 1250−1050 cm–1, suggesting it is present.

The structural formula for propanol is

H

H

C

H

C

H

C OH

H H H

and contains bonds as shown.

The molecular weight of propanol is 60.01 g mol–1, again consistent with the data. There are 
2 isomers of propanol. The spectrum could therefore be of either propan‑1-ol or propan‑2‑ol. 
Each would give a similar spectrum.

End of Question 16
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Mod 8 – Question 17 (5 marks)

The diagram is a schematic representation of a mass spectrometer.

A

(a)	 Name and outline the function of the part labelled A in the diagram.

(b)	 Outline the advantages of using mass spectrometry for analysis of a compound.

Mapping grid (a):
Content Syllabus outcomes Bands
Mod 8 Analysis of Organic Substances CH12–15 2–3

Marking guidelines (a):
Criteria Marks
•	 Correctly identifies the part labelled A

•	 Outlines the function of the part labelled A
2

•	 Provides some relevant information 1

Sample answer:

A is a magnet. It is required to separate/bend the stream of charged particles.

Question 17 continues on page 86
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3
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Question 17 (continued)

Mapping grid (b):
Content Syllabus outcomes Bands
Mod 8 Analysis of Organic Substances CH12–15 2–4

Marking guidelines (b):
Criteria Marks
•	 Outlines advantages of using mass spectrometry for analysis of a 

compound 3

•	 Identifies some advantages of mass spectrometry 

OR 

•	 Outlines an advantage

2

•	 Provides some relevant information 1

Sample answer:

The mass spectrometer is able to quickly identify components of a mixture or components 
in a compound by their mass/charge ratio. Mass spectrometers are able to identify different 
isotopes of elements in a compound which allows the compound to be matched to a sample. 
Mass spectrometry is both qualitative and quantitative, requires only small quantities and is 
accurate, fast and sensitive.

End of Question 17
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Mod 8 – Question 18 (3 marks)

Explain how infrared spectroscopy is used in the analysis and identification of organic 
substances.

Mapping grid:
Content Syllabus outcomes Bands
Mod 8 Analysis of Organic Substances CH12–15 2–4

Marking guidelines:
Criteria Marks
•	 Explains how infrared spectroscopy is used to analyse and identify 

chemicals 3

•	 Outlines how infrared spectroscopy is used to analyse and/or identify 
chemicals 2

•	 Provides some relevant information 1

Sample answer:

Bonds between certain atoms in a molecule will absorb specific wavelengths of IR radiation 
depending on the length of the bond. Therefore, using the complete IR spectrum, the 
particular bonds in a molecule can be identified. The relative number of each specific bond 
can be determined by the degree of absorption.

An organic substance will have a characteristic spectrum that can be used for its 
identification, by comparison with published data.

End of sample questions
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Aylward and Findlay, SI Chemical Data (5th Edition) is the principal source of data for 
the standard potentials. Some data may have been modified for examination purposes.
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