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This book is designed to help you to build your knowledge and understanding of essential scientific concepts. It will 
also enable you to appreciate the application of Chemistry in your everyday life and in the world around you. This 
Student’s Book is part of the Marshall Cavendish Education suite of resources that will support you as you follow the 
Cambridge IGCSETM Chemistry (0620/0971) syllabuses and prepare for your examinations.

Note:
•  Features indicated as ‘Option’ provide additional content and context to help enhance and enrich your learning, 

including some contexts that extend beyond the requirements of the syllabus. You can decide to skip 'Option' content 
and still fulfi l the syllabus requirements.

• Content in some features within the book includes elements that are beyond the syllabus. This is indicated by an asterisk (*).

Measuring between 25 to 50 metres tall, the Supertrees at Gardens by 
the Bay in Singapore come alive at night with a beautiful light show. 
Some of the coloured lights come about due to the element neon. 
Neon is found in Group VIII, a group of elements that is known as the 
noble gases. Noble gases exist as individual atoms. Why are there very 
few elements that exist as individual atoms?

47

CHEM WATCH

Scan this page to watch a clip on the 
properties of different substances.

What are your thoughts about what you have 
seen or heard?

QUESTIONS

• What are the gases that produce different 
coloured lights in decorative lighting called 
‘neon lighting’?

• How many outer shell electrons are there in 
the outer shell of a neon atom?

• Noble gases do not readily react with other 
elements to form compounds. Why?

CHAPTER 

4
Ionic, Covalent and 
Metallic Bonding

6.1  Relative Atomic Mass, Relative 
Molecular Mass and Relative 
Formula Mass

In this section, you will learn the following:
• Describe relative atomic mass (Ar).
• Define relative molecular mass (Mr).

WORD ALERT

Relative: compared

How can we measure the mass of an atom?
Atoms have very small masses. It is not practical to use the actual masses of atoms in calculations. 
Instead, scientists compare masses of different atoms relative to one standard atom. 
● The 12C atom (an isotope of carbon) is chosen as the standard atom. 

● The masses of all other atoms are compared with 1
12

of the mass of one atom of 12C.

What is relative atomic mass?
The relative atomic mass (Ar) is the average mass of the isotopes of an element compared to 1

12of the mass of an atom of 12C.

For example, the average mass of the isotopes of oxygen is 16 times as heavy as 1
12

of an atom of 12C.

Thus, oxygen has a relative atomic mass of 16. Relative atomic mass is a ratio and therefore has no 
unit. Figure 6.1 shows the comparison of the masses of some atoms. The relative atomic masses of 
elements are given in the Periodic Table at the front of this book.

What is relative molecular mass?
Many elements and compounds, such as chlorine and nitrogen dioxide, exist as molecules. The mass 
of a molecular substance is measured in terms of its relative molecular mass. The symbol for relative 
molecular mass is Mr. The relative molecular mass (Mr) of a molecular substance is the sum of the 
relative atomic masses of its constituent elements.

Like relative atomic mass, relative molecular mass is a ratio and therefore has no unit.

ENRICHMENT
INFO

Mass of an Atom

The actual mass of a 
single carbon atom is 
about 0.000 000 000 000 
000 000 000 02 g or 
2 × 10–23 g!

HELPFUL NOTES

The relative atomic mass 
measures the average 
mass of the isotopes of an 

element relative to  1
12 of 

one 12C atom. It is not 
the actual mass of the 
isotope of an element.

One magnesium atom is 1.5 times as 
heavy as one oxygen atom.

One carbon atom is 12 times as 
heavy as one hydrogen atom.

One sulfur atom is twice as heavy as one 
oxygen atom.

Carbon-12 atom: 
Used as a standard for 
relative atomic mass in 
the Periodic Table

OC
H

Mg S

1 12 16 24 32
Ar

Figure 6.1 Comparing the masses of different atoms relative to one another, using Ar values

84 The Mole

Chapter 6

CHEM WATCH* [Option]

provides multimedia resources, such 
as videos, animations and simulations, 
making learning ‘come alive’. The resources 
can be launched from a smartphone or a 
tablet by scanning a page using the 
MCE Cambridge IGCSE App. Please 
refer to www.mceapps.com for user guide 
and further information.

QUESTIONS [Option]

assesses your prior knowledge on the 
topic. 

Headings are often posed as 
questions so that information 
is always directed towards 
helping you to answer 
essential questions about 
the topic.

Learning aims help you 
identify areas of focus and 
serve as a checklist.

Chapter opener page [Option]
introduces the topic and links 
concepts to real-life examples.

supports your learning 
by providing tips, such 
as mnemonics, and 
highlighting important 
notes that you need to be 
aware of.

HELPFUL NOTES

FPO

How to Use This Book

WORD ALERT

provides information on 
words or explains words in 
a simpler way to help you 
understand their meanings 
in context. This also helps 
you to be more familiar with 
the words and be confi dent 
in using them. 
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Objective

To prepare barium sulfate by precipitation 

Procedure

Let’s Investigate 12C

1 Name the salt formed, if any, in each of the following reactions. State whether the salt 
formed is soluble in water.

 (a) Zinc and nitric acid

 (b)  Magnesium oxide and hydrochloric acid

 (c)  Lead(II) nitrate and sodium sulfate

 (d) Sodium hydroxide and sulfuric acid

2 Identify substances A to F in the following reactions:
 calcium oxide + A  calcium nitrate + B
 C + D  zinc sulfate + hydrogen
 E + sodium carbonate  sodium chloride + F + water

3 Mind Map Construct your own mind map for the concepts that you have learnt in these sections.

Let’s Practise 12.6 and 12.7

barium 
sulfate
(impure)

distilled water

wash bottle

measuring cylinder

aqueous sodium sulfate

aqueous 
barium 
nitrate 

glass rod

filter paper

barium sulfate (pure)

barium sulfate (impure)

aqueous sodium 
nitrate + excess 
aqueous sodium 
sulfate

1 2

43

LINKPWB

Practical 12D

LINKTWB

Exercises 12E–12F

Exercise 12G Let's Reflect

 Pour about 50 cm3 of aqueous barium 
nitrate into a small beaker. Add aqueous 
sodium sulfate (in excess) and stir until no 
more precipitate forms.

 Filter to collect the precipitate.

 Wash the precipitate with a little distilled 
water to remove impurities.

Allow the precipitate to dry 
on a piece of filter paper. 

215Acids, Bases and Salts
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How does electrolysis work? 

The process of electrolysis involves three things. They are the external circuit, the reactions within the 
electrolyte, and the reactions at the surface of the electrodes (Figure 7.2).

In the external circuit:

During electrolysis, electrons flow from the positive 
terminal to the negative terminal of the battery.

Figure 7.2 Movement of ions and electrons during electrolysis

At the cathode:

During electrolysis, 
• cations (positive ions) 

move to the cathode; 
• cations gain electrons at 

the cathode; 
• reduction occurs at the 

cathode.

At the anode:

During electrolysis, 
• anions (negative ions) 

move to the anode; 
• anions lose electrons at 

the anode; 
• oxidation occurs at the 

anode.

Within the electrolyte:

During electrolysis, the flow of ions towards the electrodes 
causes the flow of electric current through the electrolyte.

LINK

You will learn more about 
oxidation and reduction in 
Chapter 11.

HELPFUL NOTES

Use the following 
mnemonic to help you 
remember whether 
oxidation or reduction 
occurs at each electrode:
	● An ox — Anode 

oxidation
	● Red cat — Reduction 

cathode

Electrical energy is converted into chemical energy as chemical reactions take place at the electrodes.

What happens to the ions at the electrodes?
Look at Figure 7.2.
• Cations (positive ions) gain electrons at the negatively-charged cathode. This is reduction. 
• Anions (negative ions) lose electrons at the positively-charged anode. This is oxidation.

When the cations or anions gain or lose electrons at the electrodes, they form atoms or molecules. 
We say that the cations or anions are discharged.

1 Define electrolysis.

2 Figure 7.3 shows a set-up in which molten  
sodium chloride is electrolysed.

 State

 (a) direction of the electron flow;

 (b)  movement of sodium ions and  
chloride ions;

 (c)  electrodes where oxidation and  
reduction take place.

3 Mind Map Construct your own mind map for the concepts that you have learnt in this section.

Let’s Practise 7.1

ENRICHMENT     
ACTIVITY

Michael Faraday, a 
scientist, introduced 
the terms ‘anode’ and 
‘cathode’ after discovering 
the movement of 
electrons during 
electrolysis.

The term 'anode' 
comes from the Latin 
term anodos. The term 
'cathode' comes from the 
Latin term kathodos. 

Use the Internet to find 
out the meanings of 
the terms anodos and 
kathodos. In groups, 
discuss why the two 
terms, anode and 
cathode, were introduced 
by Michael Faraday.

carbon 
anode molten 

NaCl(l)

carbon 
cathode

+ –

LINKTWB

Exercise 7A
Figure 7.3

115Electrochemistry

Chapter 7

In this section, you will learn the following:
• State the composition of clean dry, air.

15.5  Composition of Air

The air surrounding Earth is called the atmosphere. The atmosphere acts as a blanket to protect 
Earth from the excessive radiation of the Sun and keeps Earth warm.

Air is a mixture of several gases. It contains elements and compounds that are needed by all living 
things. Table 15.2 shows the composition by volume of gases in a sample of clean, dry air.

Table 15.2 Composition by volume of clean, dry air

Gas Composition by volume / %

Nitrogen 78

Oxygen 21

Other gases:
• noble gases (mostly argon)
• carbon dioxide

1
0.97
0.03

The main gases in air are nitrogen and oxygen. The rest are the noble gases (mostly argon), carbon 
dioxide and water vapour. The amount of water vapour in air can vary widely around the world, from 
almost 0% in a desert to about 5% in a tropical forest.

200 cm3 of clean, dry air in syringe A was made to pass through heated copper until the reaction 
was complete. 

The gas in syringe B was then allowed to cool to its original temperature. 

What is the volume of gas collected in syringe B?

Solution

Since oxygen makes up 21% of air, the maximum volume of oxygen that will react

= 21
100

× 200 

= 42 cm3

Therefore, volume of gas collected in syringe B

= 200 – 42  
= 158 cm3

Worked Example 15A

heat

copper

syringe A syringe B

  ENRICHMENT
INFO

Atmospheres of Other 
Planets

The atmospheres of 
other planets in the solar 
system are very different 
from that of Earth. 
Mars has an atmosphere 
of mainly carbon dioxide 
(95%) while Uranus has 
an atmosphere of mainly 
hydrogen (83%).

QUICK CHECK

The percentage of carbon 
dioxide in clean, dry air is 
about 0.3%.

True or false?

LINK PWB

Practical 15A

266 Chemistry of the Environment

Chapter 15

LINKPWB

leads you to practicals in the 
Practical Workbook. 

Worked Example
demonstrates how 
to solve problems by 
applying concepts learnt.

Let’s Investigate introduces 
experimental skills and 
techniques, and allows you to 
see how concepts are formed 
and tested.

off ers snippets of information to 
supplement your general knowledge 
and provide additional context related 
to the topic. 

[Option] ENRICHMENT
INFO

Supplement content is 
clearly marked for those 
studying the extended 
syllabus. 

Let’s Practise provides 
formative assessment questions 
at the end of sections to test 
your ability to recall and apply 
concepts learnt.

serves as a checkpoint to check your 
understanding of concepts by posing 
a short question. Rate your confi dence 
level in your answer by drawing a 
pointer on the confi dence meter. 
Relating your answer and confi dence 
level to the correct answer helps you 
to detect any lack of knowledge or 
potential misconceptions. For example, 
high confi dence in an incorrect answer 
could suggest a misconception and low 
confi dence in a correct answer could 
suggest a lack of knowledge.

[Option] QUICK CHECK

provides individual and group 
activities that encourage deeper 
thought to help reinforce 
your learning.

ENRICHMENT [Option]
ACTIVITY

helps you make connections 
between sections or chapters.

LINK

LINKTWB

leads you to the revision exercises 
in the Theory Workbook.

LINKTWB

leads you to the revision exercises 
in the Theory Workbook.

LINKTWB

leads you to the revision exercises 
in the Theory Workbook.

LINKTWB

leads you to the revision exercises 
in the Theory Workbook.

LINKTWB

leads you to the revision exercises 
in the Theory Workbook.

LINKTWB

leads you to the revision exercises in 
the Theory Workbook.

How to Use This Book
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Let’s Map It

ORGANIC 
COMPOUNDS

are grouped into

examples of 
homologous series

are

is separated by fractional distillation into fractions like

• General formula: CnH2n+2

• No functional group

Alkanes

Petrol (gasoline)
• Fuel used in cars

Diesel oil (gas oil)
• Fuel used in diesel engines

Bitumen
• Making roads

Hydrocarbons

• General formula: CnH2n

• Contain the C=C bond 

Alkenes
• General formula: CnH2n+1OH 
• Contain the –OH group

Alcohols
• General formula: CnH2n+1COOH
• Contain the –COOH group

Carboxylic acids

Structural isomers
• Compounds with the 

same molecular formula 
but di� erent structural 
formulae

• Contain carbon
• Each compound can 

be represented by a 
displayed formula

Homologous series
• Same functional group
• Same general formula
• Similar chemical properties
• Physical properties show a gradual change 
• Di� er from one member to the next by a –CH2– unit

• contains a mixture 
of hydrocarbons

Petroleum

H

C C

C

H

H H

H

H
H

H

H

H
H

H H

H

H H

C C

C C

H
H

H

HH

H

C

C

O

O

O

H

H H

H
C

C

Kerosene (para�  n)
• Jet fuel 

Re� nery gas
• Gas used in heating and 

cooking

Naphtha
• Chemical feedstock

Lubricating oil 
• Lubricants, waxes 

and polishes

Fuel oil
• Fuel used in ships and 

home heating systems

299An Introduction to Organic Chemistry
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Chapter 16

(b) After 30 minutes

potassium
manganate(VII) 

distilled water

(a) At the start of the experiment

(c) After a few hours

Figure 1.22 Diffusion of potassium manganate(VII) in water.

Diffusion of liquids
Diffusion also takes place in liquids. When coffee or tea is added in water, a homogeneous mixture is 
formed eventually. This is because the coffee or tea particles have diffused into the spaces between 
the water particles. 

We can demonstrate diffusion in liquids by putting a small crystal of potassium manganate(VII) in 
a beaker of water. The crystal dissolves to form a deep purple solution at the bottom of the beaker. 
Diffusion takes place slowly until the solution becomes uniformly purple (Figure 1.22).

ENRICHMENT
THINK

Why do liquids diffuse 
slower than gases? 
Explain your answer using 
the kinetic particle theory.

The rate of diffusion in liquids is much slower than that in gases.

1 Give two examples from our daily lives to show how important It is for gases to diffuse quickly.

2 Table 1.6 shows the relative molecular masses of some gases.

Table 1.6

Gas Chlorine Nitrogen Sulfur dioxide Carbon dioxide

Relative molecular mass 71 28 64 44

Arrange the gas according to their rates of diffusion (from slowest to fastest).

3 Mind Map Construct your own mind map for the concepts that you have learnt in this section.

Let’s Practise 1.5

When you stir a lump of sugar in water, the sugar dissolves and disappears. Explain the process 
of dissolving in terms of the movement of particles (i.e. the kinetic particle theory).

Solution
The particles of sugar move from a region of higher concentration (sugar lump) to a region of lower 
concentration (water). The particles of sugar diffuse (slowly move to fill up any available space) 
between the water particles. This happens until the particles of sugar and water are evenly mixed.

Worked Example 1B

LINKTWB

Exercises 1D–1E

Exercise 1F Let's Reflect

15States of Matter

Chapter 1

Let’s Review

Section A: Multiple-choice Questions
1 Which diagram represents the structure of an alloy?

A B – + – +

– + – +
–+ –+

–+ –+

C D

2 Which metal reacts with dilute hydrochloric acid?
A Copper
B Gold
C Magnesium
D Silver

3  The following shows the observations of the 
experiments involving metals P, Q, R and S and their 
salt solutions.

I S displaces P from the salt solution of P.

II P displaces Q from the salt solution of Q.

III Q displaces R from the salt solution of R.
What is the order of reactivity of these metals from the most 
reactive to the least reactive? 
A P, Q, R, S
B Q, P, R, S
C R, P, Q, S
D S, P, Q, R

4  Two strips of metal M were placed separately into 
aqueous silver nitrate and aqueous zinc nitrate. A metal 
deposit was formed. What is metal M?
A Copper
B Gold
C Iron
D Magnesium

5  Which metal forms ions most readily?
A Aluminium
B Calcium
C Iron
D Potassium

6 Metal M is used as a sacrificial metal to stop the ship’s 
iron body from rusting (Figure 14.23).

Figure 14.23

  A suitable metal M is .
A copper  B gold
C magnesium D sodium

7  The following shows four metals in order of decreasing 
reactivity (from most reactive to least reactive). 

Barium, aluminium, iron, tin

  The four metals occur naturally in the form of oxides. 
Which metals can be extracted by reducing their oxides 
with carbon?
A Aluminium and barium 
B Aluminium and iron
C Barium and tin
D Iron and tin

8 Which substance is used to remove impurities from iron 
ore in the blast furnace?
A Carbon
B Carbon monoxide
C Limestone
D Silica

9 In the extraction of aluminium, sodium hydroxide is 
added to bauxite. Sodium hydroxide dissolves aluminium 
oxide so that aluminium oxide can be separated from 
insoluble metal oxides. Sodium hydroxide is used as 
aluminium oxide is a/an . 
A acidic oxide
B amphoteric oxide
C basic oxide
D neutral oxide

Let’s Map It

have these 
general 
properties

structure

structure

are mixed with other 
element(s) to form

are arranged from 
most reactive to least 
reactive 

the higher the 
position, the greater 
its tendency to form    

is unreactive 
due to  

requires both 
oxygen and 
water for 

can be prevented by 

some metals react 

are obtained 
as follows

e.g. to extract aluminium

e.g. to 
extract 
iron

• High melting and boiling points
• Ductile and malleable
• Good thermal conductivity
• Good electrical conductivity  

Reactivity series
• Potassium
• Sodium
• Calcium
• Magnesium
• Aluminium
• Zinc
• Iron
• Copper
• Silver
• Gold

 Oxide layer

From ores using 
electricity

From ores by 
reduction with 
carbon

Found uncombined

• Barrier methods
•  Sacri� cial protection 

• With water to produce 
a metal hydroxide and 
hydrogen

• With steam to 
produce a metal oxide 
and hydrogen

• With dilute 
hydrochloric acid to 
produce a salt and 
hydrogen 

Raw material:

Bauxite (Al2O3 + impurities)  

Raw materials:

Coke (C) + limestone (CaCO3) + 
hematite (Fe2O3 and impurities)

Products:

Molten iron (Fe) + waste gases 
(N2, CO, CO2) + slag (CaSiO3)

Products:

Molten aluminium (Al) + carbon 
dioxide (CO2) + impurities 

Reactions in the blast furnace:
1 Carbon dioxide is produced.

C(s) + O2(g) → CO2(g)
2 Carbon monoxide is produced. 

C(s) + CO2(g) → 2CO(g)
3 Hematite is reduced to iron.

Fe2O3(s ) + 3CO(g) 
→ 2Fe(l) + 3CO2(g)

4 Impurities are removed. 
CaCO3(s) → CaO(s) + CO2(g)
CaO(s) + SiO2(s) → CaSiO3(l)

Reactions:
1  Aluminium oxide is obtained 

from bauxite. 

2  Pure aluminium is obtained 
through electrolysis.

At the cathode: 

Aluminium ions are reduced to 
aluminium. 

Al3+(l) + 3e– → Al(l) 

At the anode:

Oxide ions are oxidised to 
oxygen gas.

2O2–(l) → O2(g) + 4e–

Carbon electrodes react with 
oxygen to form carbon dioxide.

C(s) + O2(g) → CO2(g)   

METALS

Positive ions 

Alloys

Rusting

H

Cl

Chapter 14

xxxxx xxxxxxxxxxxxxxx
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metal M

The following are also included at the end of the book:

• Notes to Chemistry Practical Work – provides 
information on laboratory safety, some common 
experimental contexts in practical work and 
the practical skills involved in the planning of 
experiments and investigations

• Quick Revision Guide – lists each chapter's key 
concepts and formulae for easy revision

poses challenging questions that 
encourage you to apply the concepts 
learnt to various contexts and 
prompts higher-level critical thinking.

ENRICHMENT [Option]
THINK

Let’s Map It provides 
a visual summary of 
the concepts covered 
to help you integrate 
your learning and form 
connections between 
different concepts. 

Let’s Review offers summative 
assessment questions to test your 
understanding and gives you 
practice in answering exam-style 
questions. 

• Answers – provided for questions in Quick Check, 
Let's Practise and Let's Review (only numerical and 
short answers are included) 

• Index – provided to help you search for key terms 
and phrases in the book
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Have you ever seen a geyser? It is a hot spring which shoots out jets of 
hot water and steam from a hole in the ground. There are about 1000 
geysers in the world. The water and steam from the Lady Knox Geyser in 
New Zealand can rise to a great height of 10 to 20 metres. Water is in the 
liquid state, while steam is water in the gaseous state. The white fumes 
from the geyser are actually tiny water droplets that are formed when 
steam comes into contact with the cooler surrounding air. Why does 
steam change into water droplets when it comes into contact with the 
cooler air? 

1

CHAPTER 

1

CHEM WATCH

Scan this page to take a short quiz on states 
of matter.

QUESTIONS

• Imagine that you are close to a geyser. 
What would you feel when the geyser 
erupts?

Name two other forms of water.

• What are two other everyday examples of 
changes of state?

States of Matter
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In this section, you will learn the following:
• State the properties of solids, liquids and gases.

In this section, you will learn the following:
• Describe the structures of solids, liquids and gases.

1.1  States of Matter 

1. 2  Kinetic Particle Theory 

Matter is a substance that has mass and occupies space. All living and non-living things are matter.

Matter can exist as a solid, a liquid or a gas. These three forms of matter are called the states of 
matter. The three states of matter have very different properties (Table 1.1).

Table 1.1 Properties of solids, liquids and gases

Property Solid Liquid Gas

Shape Fixed Not fixed Not fixed

Volume Fixed Fixed Not fixed

Compressibility Cannot be compressed Cannot be compressed Can be compressed

Substances can exist in different states of matter under different temperature and pressure 
conditions. Changes in temperature and pressure can change the states of matter. For example, 
on freezing, water becomes ice; on boiling, water becomes steam. We will learn more about the 
changes of state of matter in Section 1.3.

Other States of Matter

Besides solids, liquids 
and gases, there are 
two other states of 
matter — plasma and 
the Bose–Einstein 
condensate. Plasma 
is made of particles 
that are electrically 
charged. A Bose–Einstein 
condensate is a state of 
matter that has been 
cooled to a very low 
temperature.

QUICK CHECK

Gases do not have mass. 

True or false?

The differences in the properties of the states of matter can be explained based on the kinetic 
particle theory. The kinetic particle theory states that all matter is made up of tiny particles that are 
in constant random motion.

The word ‘kinetic’ refers to motion. Moving particles have kinetic energy, hence the name ‘kinetic 
particle theory’. The kinetic particle theory 
• describes the states of matter;
• explains the diff erences in the properties of solids, liquids and gases;
• explains the changes of state of matter.

Why does a solid have a fixed shape? 
According to the kinetic particle theory, the particles of a solid
• are closely packed in an orderly manner (Figure 1.1); 
• are held together by very strong forces of attraction; 
• have enough kinetic energy to vibrate and rotate about their fi xed 

positions only;
• cannot move about freely.

Hence, a solid has a fixed shape.

Why does a solid have a fixed volume?
A solid cannot be compressed since its particles are already very close to one another. 
Thus, a solid has a fixed volume.

WORD ALERT

Compressed: squeezed 
into a smaller space

Figure 1.1 Particles are 
closely packed together in 
a solid.

  ENRICHMENT
INFO

2 States of Matter
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Why does a liquid not have a fixed shape? 
Compare the arrangement of the particles of a liquid (Figure 1.2) with that 
of a solid (Figure 1.1). In a liquid, there is more space between the particles.

According to the kinetic particle theory, the particles of a liquid
• are arranged in a disorderly manner; 
• have weaker forces of attraction than the particles of a solid;
• have more kinetic energy than particles of a solid, and are not 

held in fi xed positions;
• move freely throughout the liquid.

This is why a liquid has no fixed shape.

Why does a liquid have a fixed volume? 
The particles of a liquid are further away from one another than the particles 
of a solid. However, the liquid particles are still packed quite closely together. 
Thus, a liquid cannot be compressed and has a fixed volume.

Why does a gas not have a fixed shape? 
According to the kinetic particle theory, the particles of a gas
• are spread far apart from one another (Figure 1.3);
• have weaker forces of attraction than the particles of a liquid;
• have more kinetic energy than the particles of a liquid, and are not held 

in fi xed positions; 
• can move about rapidly in any direction.

Thus, a gas has no fixed shape.

Why does a gas not have a fixed volume? 
The particles of a gas have a lot more space between them compared to the particles of a liquid or 
a solid (Figure 1.4(a)). The large space between the particles allows the gas to be easily compressed 
when pressure is applied (Figure 1.4(b)). In other words, the particles of a gas can be forced to move 
closer together. Since a gas can be compressed, it has no fixed volume. 

Figure 1.2 Particles of a 
liquid are not held in fixed 
positions.

In which state of matter 
do the particles have the 
greatest kinetic energy?

QUICK CHECK

ENRICHMENT    

ACTIVITY
Use the Internet to search 
for an animation of the 
kinetic particle model.

LINK

You will learn more about 
the eff ect of pressure on 
the volume of a gas in 
Section 1.4 of this chapter. 

Figure 1.3 Particles of a 
gas are not held in fixed 
positions. They move 
rapidly in all directions.

seal

plunger

gas syringeparticles of a gas

seal

pressure is applied

particles of a gas

Figure 1.4(a) Particles of a gas are far apart.

Figure 1.4(b) Particles of a gas become closer together when compressed.

3States of Matter
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mercury oil water vapour common salt

At 20°C, which of the substances above

(a) does not have a fixed shape and volume, and can be compressed;

(b) contains the most orderly arrangement of particles? 

Solution
(a) Water vapour

(b) Common salt

Worked Example 1A

1 State whether each of the following substances is a solid, a liquid or a gas at room temperature.

 (a) Air  (b) Carbon dioxide (c) Coal  (d) Cooking oil 

 (e) Oxygen  (f) Petrol   (g) Rock  (h) Steel   (i) Water

2 (a) In which state of matter can the particles move most freely?

 (b) In which state of matter are the particles closest together?

 (c) Sketch a simple diagram to compare the arrangements of the particles in (a) and (b).

3 Mind Map Construct your own mind map for the concepts that you have learnt in these sections.

Let’s Practise 1.1 and 1.2

In this section, you will learn the following:
• Describe changes of state in terms of melting, boiling, evaporating, freezing and condensing.
• Explain changes of state in terms of the kinetic particle theory.

1.3   Changes of State of Matter and the 
Kinetic Particle Theory 

What are the changes of state?
Have you ever wondered why water droplets form on a cold surface and why water changes to ice in 
a freezer? These changes happen due to a change of state of water. 

Matter can change from one state to another when it is heated or cooled. When you lick a popsicle, 
it changes from a solid to a liquid. Heat from your tongue is transferred to the popsicle, causing it to 
melt. Changes of state are reversible (Figure 1.5). There is no gain or loss of matter when there is a 
change of state.

WORD ALERT

Reversible: change back 
to the original form

Figure 1.5 Changes of state of water

upon heating

upon cooling

upon heating

upon cooling

solid liquid gas

LINK TWB

Exercise 1A

4 States of Matter
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Table 1.2 shows the processes that involved a change of state. 

Table 1.2 Changes of state

Process Change of state

Melting Solid to liquid

Freezing Liquid to solid

Boiling Liquid to gas

Evaporation Liquid to gas

Condensation Gas to liquid

The temperature at which 
• a solid melts is called its melting point; 
• a liquid freezes is called its freezing point;
• a liquid boils is called its boiling point.

Differences between boiling and evaporation
Both boiling and evaporation involve a liquid changing to a gas. However, these processes are 
not the same. 

Boiling takes place only at the boiling point. When a liquid boils, bubbles of gas are seen 
(Figure 1.6). These bubbles are formed when the liquid changes to a gas. They also consist of 
other gases dissolved in the liquid. The bubbles rise to the surface and escape into the air. 
Evaporation takes place if the liquid changes to a gas below its boiling point.

Table 1.3 shows the differences between boiling and evaporation.

Table 1.3 Differences between boiling and evaporation

Boiling Evaporation

Occurs only at boiling point Occurs at temperatures below boiling point

Occurs throughout the liquid Occurs only at the surface of the liquid

Occurs rapidly Occurs slowly

Determining the state of a substance at a particular temperature
Different substances have different melting points and boiling points (Table 1.4).
Table 1.4 Melting and boiling points of oxygen, ethanol, water and iron

Substance Oxygen Ethanol Water Iron

Melting point / °C –219 –114 0 1535

Boiling point / °C –183 78 100 2750

Pure substances have fixed melting and boiling points. If we know the melting and boiling points 
of a substance, we can determine whether a substance is a solid, liquid or gas at a particular 
temperature. The temperature ranges for which a substance exists as a solid, liquid or gas are shown 
in Figure 1.7. 

HELPFUL NOTES

The melting point of a 
pure substance is the 
same as its freezing point. 

HELPFUL NOTES

At room temperature, 
a substance exists as a 
gas if its boiling point 
is lower than the room 
temperature. A substance 
can also exist as a gas 
at a temperature below 
its boiling point when it 
evaporates. It is called a 
vapour. For instance, water 
evaporates at temperatures 
below 100°C, and exists as 
water vapour.

Figure 1.6 Bubbles containing 
water vapour are seen when 
water boils.

LINK

How can the melting 
and boiling points of a 
substance be used to 
determine the purity of 
the substance? Find out in 
Chapter 20.

melting point boiling point Temperature / °C

solid liquid gas

Figure 1.7 Line showing the temperature ranges for which a substance is a solid, liquid or gas
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liquidsolid

How can we determine the states of oxygen, ethanol, water and iron at 20°C? First, we can draw lines 
and mark out the melting and boiling points of each substance (Figure 1.8). 

20

–183–219

–114

0

78

100

1535 2750

Temperature / °C

Oxygen

Water

Iron

Ethanol

(Diagram not drawn to scale)
Figure 1.8 Determining the state of oxygen, ethanol, water and iron at 20°C

QUICK CHECK

When a solid is heated, its 
particles vibrate faster.

True or false?

Based on Figure 1.8, we can determine that oxygen is a gas, ethanol is a liquid, water is a liquid and 
iron is a solid at 20°C.

How does the kinetic particle theory explain the 
changes of state?
What happens to the particles when a substance changes from one state to another? 

According to the kinetic particle theory, particles of matter are in constant motion — they have 
kinetic energy. When matter is heated or cooled, heat is taken in or given out. This causes the kinetic 
energy of the particles to change. As a result, there is a change of state. Let us look at what happens 
to the particles, and how the temperature of a substance changes during a change of state. 

Melting
Figure 1.9 shows what happens to the particles of a solid that is heated until it melts.

1 2 3•  When the 
temperature is high 
enough, the vibrations 
of the particles 
become sufficient to 
overcome the forces 
of attraction between 
them.

•  The particles begin to 
break away from their 
fixed positions.

•  Heat is absorbed by 
the particles of the 
solid.

•  The particles start to 
vibrate faster about 
their fixed positions. 
There is an increase in 
their kinetic energy.

•  The particles are no 
longer in their fixed 
positions.

•  The substance is now 
a liquid.

•  The particles can move 
freely throughout the 
liquid.

Increasing temperature

Figure 1.9 Effect of heat on the particles of a solid
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We can study how temperature changes when a solid, e.g. naphthalene, melts by plotting a graph 
of temperature against time (Figure 1.10). This graph is known as the heating curve. A heating curve
shows how the temperature of a solid changes as the solid is heated to its melting point (and beyond).

C–D: Liquid heats up.
• At point C, all the solid 

naphthalene has melted.
• The temperature of liquid 

naphthalene rises as heating 
continues.

A–B: Solid heats up.
•  The temperature of solid naphthalene 

increases until it reaches its melting 
point (point B). 

•  At point B, solid naphthalene starts 
to melt.

B–C: Solid melts.
•  During melting, the temperature of naphthalene does not 

rise even though heating continues.
•  Heat taken in by the particles of the solid is used to 

overcome the forces of attraction holding the particles in 
fixed positions.

• A mixture of solid and liquid naphthalene exists at this stage.

B

Temperature / °C

Time / min
Figure 1.10 Heating curve of naphthalene

A

D

80°C
(melting
point of 
naphthalene)

C

Freezing
Figure 1.11 shows what happens to the particles of a liquid that is cooled until it freezes.

solidliquid

•  All the particles have 
settled into fixed 
positions.

•  The substance is now 
a solid.

•  The particles can only 
vibrate about their fixed 
positions.

Figure 1.11 Effect of cooling on the particles of a liquid

•  When the temperature 
is low enough, the 
particles no longer 
have enough energy 
to move freely. 

•  The particles start 
to settle into fixed 
positions.

2•  Energy is given out 
by the particles of 
the liquid.

•  The particles lose 
kinetic energy and 
begin to move more 
slowly.

1

Decreasing temperature

3
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We can use liquid naphthalene to study how temperature changes when a liquid freezes. When a 
graph of temperature against time is plotted, Figure 1.12 is obtained. This graph is known as the cooling 
curve. A cooling curve shows how the temperature of a pure liquid changes as it is cooled to its 
freezing point (and beyond).

S

R–S: Solid cools.
• At point R, all the liquid 

naphthalene has solidified.
• The temperature of solid 

naphthalene drops as 
cooling continues.

80°C
(freezing 
point of 
naphthalene) 

Q

P

R

Time / min
Figure 1.12 Cooling curve of naphthalene

Q–R: Liquid freezes.
• During freezing, the temperature of naphthalene remains 

the same even though cooling continues. 
• Heat is released as the particles of the liquid are attracted 

to each other to form a solid. This heat is given out to the 
surroundings.

•  A mixture of solid and liquid naphthalene exists at this stage.

Temperature / °C P–Q: Liquid cools.
• The temperature of naphthalene 

drops until it reaches its freezing 
point (point Q).

• At point Q, liquid naphthalene starts 
to freeze.

Boiling
Figure 1.13 shows what happens to the particles of a liquid that is heated until it boils.

gasliquid

1 2 3• When the temperature 
is high enough, 
the particles have 
enough energy to 
overcome the forces 
of attraction holding 
them together.

• Heat is absorbed 
by the particles of 
the liquid.

• The particles start to 
move faster as the 
temperature rises. 
There is an increase in 
their kinetic energy.

•  The particles are now 
spread far apart.

• The substance is now 
a gas.

• The particles can 
move about in any 
direction.

Increasing temperature

Figure 1.13 Effect of heat on the particles of a liquid
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If we record the changes in temperature as a liquid is heated until it boils, we can plot a graph like 
the one shown in Figure 1.14. Tetrachloromethane, a colourless and non-flammable liquid, is being 
studied here.

Temperature / °C

Time / min
Figure 1.14 Heating curve of tetrachloromethane

X–Y: Liquid boils.
• During boiling, the temperature remains the 

same even though heating continues.
• Heat taken in by the particles of the liquid is used 

to overcome the forces of attraction between the 
particles.

• A mixture of liquid and gaseous 
tetrachloromethane exists at this stage.

W–X: Liquid heats up.
• The temperature of 

tetrachloromethane 
increases until it reaches 
its boiling point (point X).

• At point X, liquid 
tetrachloromethane 
starts to boil.

W

X Y

Z

77°C
(boiling point
of tetrachloro-
methane)

Y–Z: Gas heats up.
• At point Y, all the liquid has 

boiled. 
• The temperature of gaseous 

tetrachloromethane rises as 
heating continues.

Evaporation
Evaporation occurs because some particles have enough energy to escape as a gas from the surface 
of a liquid. The liquid particles left behind have less kinetic energy. The average kinetic energy of the 
liquid particles decreases and so the average temperature of the liquid decreases.

At a higher temperature, the liquid particles have more energy. More particles have enough energy 
to escape as a gas from the surface of the liquid. Hence, evaporation occurs more quickly at a higher 
temperature (Figure 1.15). 

Liquids that evaporate quickly at room temperature are called volatile liquids. They usually have 
boiling points just above room temperature. Petrol and perfumes are examples of volatile liquids.

QUICK CHECK

Water can evaporate only 
when the air is dry. 

True or false?

Only we are energetic 
enough to escape!

Figure 1.15 Clothes dry faster on a hot day.

LINKPWB

Practical 1A
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Condensation
When water vapour touches a cold surface, condensation occurs and liquid water is obtained (Figure 1.16). When water vapour touches a cold surface, condensation occurs and liquid water is obtained (Figure 1.16). 

Figure 1.16 Water vapour condenses on a cold surface.

ENRICHMENT
ACTIVITY

We cannot live without 
water. If we were lost in 
a desert, we could use 
condensation to help us 
survive! In groups, design 
your own apparatus 
for obtaining water. 
Use some or all of the 
following materials:
●  One large container
●  One plastic sheet
●  One collecting vessel
●  One small plant
●  Some sand
●  Some stones

Explain how your 
apparatus helps you 
obtain water.

1 What process is taking place in each of the following observations?

 (a) Water changes to steam at 100°C.

 (b) Water changes to ice in the freezer.

 (c) Molten metal solidifies in a mould.

 (d) A small puddle of water gradually dries up in warm weather.

 (e) Bubbles of ethanol vapour form in liquid ethanol. 

 (f) Water droplets form on a surface near some boiling water.

2 Stearic acid is used for making soap. The melting and boiling points of stearic acid are 70°C 
and 287°C respectively. Sketch a graph to show the changes in temperature when molten 
stearic acid is cooled to room temperature.

3 Mind Map Construct your own mind map for the concepts that you have learnt in this section.

Let’s Practise 1.3

During condensation, heat is given out by the gas particles. As the temperature drops, the particles 
lose energy and move more slowly. Eventually, the movement of the particles becomes slow enough 
for the gas to change to a liquid.

LINK TWB

Exercise 1B

It's cool to 
condense!
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In this section, you will learn the following:
• Describe in terms of kinetic particle theory the effects of temperature and pressure on the 

volume of a gas.
• Explain in terms of kinetic particle theory the effects of temperature and pressure on the 

volume of a gas.

1.4   Effects of Temperature and Pressure 
on the Volume of a Gas 

We learnt that the particles of a gas have a lot more space between them as compared to the particles 
of a liquid or solid. What will happen to the volume of a gas when it is heated or compressed?

What is the effect of temperature 
on the volume of a gas?
When a gas is heated, its temperature increases. 
The particles have more energy and the space 
between the particles increases (Figure 1.17). 
The volume of the gas thus increases.

How does the kinetic particle theory explain the 
effect of temperature on the volume of a gas?
When a gas is heated, the particles have more kinetic energy. The particles 
• collide with one another and with the wall of the container more often and at a greater force;
• move further apart from one another. 

The higher the temperature, the faster the particles move and the greater the volume of the gas.

What is the effect of pressure on 
the volume of a gas? 
When pressure is applied to a gas, the particles 
move closer to one another (Figure 1.18). 
The volume of the gas decreases.

Figure 1.17 The gas particles have more energy 
and move further apart when heated.

Figure 1.18 The gas particles are closer together 
when compressed.

piston 
free to 
move

gas particle

pressure exerted on piston

gas particle
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How does the kinetic particle theory explain the 
effect of pressure on the volume of a gas?
The particles of a gas are spread far apart from one another. When we exert pressure on the gas by 
pushing in the piston of the container in Figure 1.18 on page 11, the particles 
 • collide with one another and with the wall of the container more often;
 • move closer together.

Thus, when pressure is exerted on the gas, its volume decreases. If the gas particles are close enough, 
the forces of attraction between them become stronger and the gas will change into a liquid. 

1 Butane is a gas used for cooking. It is stored in a gas cylinder as a liquid under a high 
pressure. When the pressure is released, butane changes to a gas and escapes from the 
cylinder. Describe the changes in the arrangement and motion of the butane particles 
when the pressure is released.

2  Explain, in terms of the kinetic particle theory, why a gas at constant pressure increases 
greatly in volume when it is gently heated, but a solid does not. 

3 Mind Map Construct your own mind map for the concepts that you have learnt in this section.

Let’s Practise 1.4

In this section, you will learn the following:
• Describe and explain diffusion in terms of kinetic particle theory. 
•  Describe and explain the effect of relative molecular mass on the rate of diffusion of gases.

1.5  Diffusion 

What is diffusion? 
When a bottle of perfume is left open for some 
time, the scent of the perfume soon spreads 
throughout the entire room. Similarly, if 
someone is cooking curry in the kitchen, 
we will soon be able to detect the smell of 
spices in every room.

Gas particles escape from the surface 
of perfume and spices. These particles 
move at random into the spaces 
between the air particles. They eventually 
spread throughout the entire room. The 
process by which particles move freely to 
fill up any available space is called diffusion. 

Diffusion is the movement of particles from 
a region of higher concentration to a region of 
lower concentration.

 Will the smell of curry spread in 
the house if there is no wind?

CHEM WATCH

Scan this page to watch a 
clip on diffusion.

What can you conclude? 

LINK TWB

Exercise 1C
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Diffusion of gases
Diffusion provides evidence for the kinetic particle theory. We can demonstrate diffusion in the 
laboratory using the set-up in Figure 1.19.

Figure 1.19  Diffusion of bromine

(b) At the end of the experiment

air + bromine

(a) At the start of the experiment

cover

after cover is 
removed 

air

gas jar

A few minutes after the 
cover is removed, the colour 
of the gas in both gas jars 
looks the same throughout. 
We say that a homogeneous
mixture of air and bromine is 
formed. 

This happens because 
both air and bromine are 
made up of tiny particles 
moving at random. The 
bromine particles diff use 
into the spaces between 
the air particles while the 
air particles diff use into 
the spaces between the 
bromine particles.

A gas jar of air 
(colourless) is 
inverted on top of 
a gas jar of bromine 
vapour (red-brown). 
A cover is used to 
separate the gas jars.

bromine and 
air particles

air + bromine

bromine
particle

air particle

bromine

Effect of relative molecular mass on the rate of diffusion of gases 
The rate at which a gas diffuses depends upon its relative molecular mass. The molecular mass of 
a gas refers to the mass of the particles of the gas. Table 1.5 shows the relative molecular masses of 
some gases.

Table 1.5 Relative molecular masses of some gases

Gas Relative
molecular mass

Hydrogen 2

Helium 4

Methane 16

Ammonia 17

Carbon monoxide 28

Gas Relative
molecular mass

Nitrogen 28

Oxygen 32

Hydrogen chloride 36.5

Carbon dioxide 44

Chlorine 71

LINK

How is the relative 
molecular mass of a 
substance calculated? 
Find out in Chapter 6.

ENRICHMENT    

THINK
What other factor do you 
think aff ect the rate of 
diff usion? Explain how 
this factor aff ects the rate 
of diff usion.

WORD ALERT

Homogeneous: become 
the same throughout
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Let’s Investigate 10A
Objective
To compare the rates of diffusion of two gases with different molecular masses 

Procedure
1 Soak one piece of cotton wool in concentrated aqueous ammonia and another piece of 

cotton wool in concentrated hydrochloric acid using tweezers.

2 Place the piece of cotton wool soaked in hydrochloric acid in one end of the tube and place 
the cotton wool soaked in ammonia in the other end of the tube. 

3 Immediately after step 2, close both ends of the tube with rubber stoppers.

4 Set up apparatus as shown in Figure 1.20. Ensure that the glass tubing is horizontal.

5 Observe where a white ring is formed in the tube (Figure 1.21). Record the distances of the 
white ring from the end with ammonia and from the end with hydrochloric acid.

Let’s Investigate 1A

We can demonstrate the difference in the rates of diffusion of ammonia and hydrogen chloride 
using the experiment shown in Let’s Investigate 1A.

rubber
stopper

glass
tube

cotton wool
soaked in
concentrated
hydrochloric
acid

cotton wool
soaked in
concentrated
aqueous ammonia 

rubber
stopper

white ring of
ammonium
chloride

indicates
direction of
diffusion of
gases

cotton wool
soaked in
concentrated
hydrochloric acid

cotton wool
soaked in
concentrated
aqueous ammonia 

Figure 1.20 Experimental set-up to compare the rates of diffusion 
of two gases

Figure 1.21 Formation of a white ring due to the reaction between 
ammonia gas and hydrogen chloride gas

ENRICHMENT 
THINK

Refer to Figure 1.21.

1  Why must the tube 
be horizontal and 
stoppered?

2  Why does the white 
ring not appear 
immediately?

QUICK CHECK

The greater the molecular 
mass of a gas, the slower 
its rate of diffusion. 

True or false?
When ammonia gas (from concentrated aqueous ammonia) and hydrogen chloride gas (from 
concentrated hydrochloric acid) react, a white ring of ammonium chloride is formed. Since the white 
ring is formed nearer to the end with hydrogen chloride, it means that the ammonia particles move 
faster than the hydrogen chloride particles.

Ammonia gas diffuses faster than hydrogen chloride gas because ammonia has a lower molecular 
mass than hydrogen chloride. Gases with lower molecular masses diffuse faster than those with 
higher molecular masses.

LINK PWB

Practical 1B
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(b) After 30 minutes

potassium
manganate(VII) 

distilled water

(a)  At the start of the experiment

(c) After a few hours

Figure 1.22 Diffusion of potassium manganate(VII) in water.

Diffusion of liquids
Diffusion also takes place in liquids. When coffee or tea is added in water, a homogeneous mixture is 
formed eventually. This is because the coffee or tea particles have diffused into the spaces between 
the water particles. 

We can demonstrate diffusion in liquids by putting a small crystal of potassium manganate(VII) in 
a beaker of water. The crystal dissolves to form a deep purple solution at the bottom of the beaker. 
Diffusion takes place slowly until the solution becomes uniformly purple (Figure 1.22).

ENRICHMENT
THINK

Why do liquids diff use 
slower than gases? 
Explain your answer using 
the kinetic particle theory.

The rate of diffusion in liquids is much slower than that in gases.

1 Give two examples from our daily lives to show how important It is for gases to diffuse quickly.

2 Table 1.6 shows the relative molecular masses of some gases.

Table 1.6

Gas Chlorine Nitrogen Sulfur dioxide Carbon dioxide

Relative molecular mass 71 28 64 44

Arrange the gas according to their rates of diffusion (from slowest to fastest).

3 Mind Map Construct your own mind map for the concepts that you have learnt in this section.

Let’s Practise 1.5

When you stir a lump of sugar in water, the sugar dissolves and disappears. Explain the process 
of dissolving in terms of the movement of particles (i.e. the kinetic particle theory).

Solution
The particles of sugar move from a region of higher concentration (sugar lump) to a region of lower 
concentration (water). The particles of sugar diffuse (slowly move to fill up any available space) 
between the water particles. This happens until the particles of sugar and water are evenly mixed.

Worked Example 1B

LINKTWB

Exercises 1D–1E

Exercise 1F Let's Refl ect
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Lower molecular mass

Let’s Map It

KINETIC 
PARTICLE 
THEORY

States of matter

Di� usion

GAS
evaporation/boiling

rate increases with

freezing condensation

describes the

melting

which are

can be used to explain

LIQUIDSOLID

• Fixed shape
• Fixed volume 
• Cannot be compressed
• Particles are closely packed and 

vibrate about � xed positions

Properties
• No � xed shape
• Fixed volume 
• Cannot be compressed
• Particles are less closely packed 

than in a solid and can move freely 
throughout the liquid

Properties
• No � xed shape
• No � xed volume 
• Can be compressed
• Particles are far apart and move 

about rapidly in any direction

Properties

Examples
• Spread of aromas 

(e.g. from perfumes, cooking)
• Spread of colour in a solution 

(e.g. when dissolving co� ee 
powder in water)
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Let’s Review

Section A: Multiple-choice Questions 
1 Figure 1.23 shows the particles of a substance in three 

states, R, S and T.

 Which of the following statements is true?
A The change of the substance from state R to S is called 

diffusion.
B The change of the substance from state T to R is called 

melting.
C The particles do not move in state T.
D The substance has a fixed volume in state S.

2 Hydraulic brakes in cars are filled with liquids and not 
gases. This is because gases are easily compressed but 
liquids cannot be compressed. 

 Which statement supports this explanation?
A The forces of attraction between the gas particles are 

stronger than that between the liquid particles.
B The gas particles are smaller than the liquid particles.
C The gas particles are spaced further apart than the liquid 

particles. 
D The gas particles have less energy than the liquid particles.

3 Condensation occurs when __________.
A a liquid turns into a solid
B a liquid turns into a vapour
C a solid turns into a liquid
D a vapour turns into a liquid 

4 When bubbles of gas form in a liquid, which physical 
change is taking place?
A Boiling  B Condensing
C Evaporating D Melting

5 A boiling tube containing a colourless liquid W was 
placed in a beaker of boiling water. Liquid W started to 
boil. The boiling point of W is __________.
A lower than 0°C
B between 0°C and room temperature
C between room temperature and 100°C
D above 100°C

State R State S State T
Figure 1.23

6  Jason, Siti and Megan were discussing the kinetic 
particle theory. Jason said that in a solid, the particles 
are close together. Megan said that the particles of a 
substance in different states move at a constant speed. 
Siti said that the higher the temperature, the faster the 
particles move. 

 Who are correct?
A Jason and Megan only
B Jason and Siti only
C Megan and Siti only
D Jason, Megan and Siti

7 Which two statements are correct?
1 The volume of a gas decreases when temperature increases.
2 The volume of a gas increases when temperature increases.
3 The volume of a gas decreases when pressure is exerted.
4 The volume of a gas increases when pressure is exerted.
A 1 and 3  B 1 and 4
C 2 and 3  D 2 and 4

8 A teacher was demonstrating diffusion using nitrogen 
dioxide, which is a brown gas that is denser than air. She 
inverted a gas jar of nitrogen dioxide on top of a gas 
jar containing air. Which option correctly describes the 
colours inside the gas jars after a long period of time?

Top jar Bottom jar

A Brown Brown

B Colourless Dark brown

C Dark brown Light brown 

D Light brown Dark brown

9  Table 1.7 shows the relative molecular mass of  
four gases. 

Table 1.7

Gas
Carbon 
dioxide

Carbon 
monoxide

Methane Oxygen 

Relative 
molecular 
mass

44 28 16 32

 Which gas will diffuse the fastest?
A Carbon dioxide B Carbon monoxide
C Methane  D Oxygen
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Let’s Review

Section B: Short-answer and Structured 
Questions 
1 State the process in which the change of state is 

opposite to that in
(a) boiling; [1]
(b) freezing. [1]

2 Figure 1.24 represents particles of a substance at room 
temperature.

(a) At room temperature (30°C), state which element(s) 
exist(s) as

 (i) a solid; [1]
 (ii) a liquid; [1]
 (iii) a gas. [1]

 (b)   Describe what will happen to the particles of 
element C when it is cooled from 80°C to −10°C. [6]

6  A liquid, X, was allowed to cool in air. The temperature 
was measured every five seconds. Figure 1.25 represents 
the cooling curve of X.

Figure 1.24

Figure 1.25

 What is the state of the substance at room temperature? 
Explain your answer. [1]

3 Table 1.8 shows the melting and boiling points of three 
substances.

Table 1.8

Substance Sodium Chlorine
Sodium 
chloride

Melting  
point / °C 98 –101 801

Boiling  
point / °C 883 –34 1465

(a)  State the temperature at which sodium will change from 
a solid to a liquid. [1]

(b) Deduce the state of each substance at 100°C. [3]

4  Zara left a glass of water in her room. Five days later, 
all the water disappeared.
(a) Describe what happened to the water in the glass. [2]
(b) On another occasion, Zara left the same volume of water 

in the same glass in her room. The water disappeared 
after three days. 

  Explain why the water disappeared more quickly on this 
occasion. [2]

5 The melting and boiling points of five elements, A to E, 
are shown in Table 1.9.

Table 1.9

Element Melting point / °C Boiling point / °C

A −219 −186

B −189 −183

C −7 58

D 29 222

E 666 2450

Time / s 

60

40

20

A

B C

D

30

50

70

E

10
5 10 15 20 25 300

 

Temperature / °C

(a) State the melting point of X. [1]
(b) What is the room temperature? Explain your answer. [1]
(c) State the parts of the graph where energy is being given 

out to the surroundings. [3]
(d) X has a boiling point of 128°C. Explain, in terms of the 

kinetic particle theory, what happens to the particles of X 
as it is heated from 100°C to 150°C. [4]

(e) Sketch a graph of temperature against time for X when it 
is heated from 30°C to 140°C. [5]

7 When a person wearing perfume enters a room, the 
fragrance is soon smelt in other parts of the room. 
Explain why. [3]
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