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■ Develop scientific and mathematical skills and knowledge with an 
enquiry-based approach that is suitable for the international classroom.

■ Build assessment confidence with extensive exam-style practice and  
full coverage of the 5 required practicals.

■ Build investigative and experimental skills to support the step up to  
A Level study.

■ Support those students who don't speak English as a first language
with clear language, an extensive glossary and highlighted key terms. 

Tests for negative ions

Learning objectives

Chemical analysis

After this topic, you should
know:

OO how to identify different
negative ions, in particular:
– carbonates
– halides
– sulfates.

6.5 Tests for negative ions

You can also do chemical tests to identify some negative ions in ionic compounds.

Carbonates

If you add a dilute acid to a carbonate, it fizzes and produces carbon dioxide 
gas. This is a good test to see if an unknown substance is a carbonate.

Acid

Carbonate

Limewater

Figure 1 The test for a carbonate

If the carbonate is sodium carbonate, the reaction you get is:

Na2CO3(s) + 2HCl(aq) → 2NaCl(aq) + H2O(l) + CO2(g)

You can represent the reaction by just showing the ions that change in the 
reaction in an ionic equation:

2H+(aq) + CO3
2–(s) → CO2(g) + H2O(l)

acid carbonate ion

In limewater, the carbon dioxide reacts with calcium hydroxide. It forms a white 
precipitate of calcium carbonate which turns the limewater cloudy white.

Halide ions (chlorides, bromides, and iodides)

A very simple test shows whether chloride, bromide, or iodide ions are present 
in a compound. First you add dilute nitric acid, and then add silver nitrate 
solution. If a precipitate forms, there are halide ions present. 

(You add the nitric acid to dissolve the compound and to remove any carbonate
ions as they would also form a precipitate with the silver ions, and so interfere 
with the test.)

The colour of the precipitate tells us which halide ion is present:
OO Chloride ions (Cl–) give a white precipitate of silver chloride.
OO Bromide ions (Br–) give a cream precipitate of silver bromide.
OO Iodide ions (I–) give a yellow precipitate of silver iodide.

If the unknown halide was sodium chloride, the precipitation reaction would be:

NaCl(aq) + AgNO3(aq) → NaNO3(aq) + AgCl(s)

Here is the ionic equation, where X– is the halide ion:

Ag+(aq) + X–(aq) → AgX(s)

 links
For more information on 
carbonates, look back to 4.5  
‘Metal carbonates’.

In the test for a halide ion: add
dilute nitric acid before the
silver nitrate. Do not add any
other acid as they will produce
precipitates with silver nitrate
solution.

Study tip

Figure 2 One simple test with silver 
nitrate solution can tell us if an unknown 
substance contains chloride, bromide, or 
iodide ions

1 List the reagents you would need to assemble in a lab to test a sample of 
an unknown substance for carbonate, halide, and sulfate ions.

2 An unknown compound is a white solid which dissolves in water to 
produce a colourless solution. When this solution is acidified with 
nitric acid and then silver nitrate is added, a yellow precipitate is 
produced. A flame test on the unknown compound produces a lilac 
flame. Deduce the name of the unknown compound and give your 
reasoning.

3 Write a word equation and a balanced symbol equation, including state 
symbols, for the following reactions:
a magnesium chloride solution + silver nitrate solution
b potassium carbonate powder + hydrochloric acid
c aluminium sulfate solution + barium chloride solution

4 Write ionic equations, including state symbols, to summarise the 
reactions that help identify:
a bromide ions
b sulfate ions
c carbonate ions.

5 In the test for halide ions, explain why nitric acid (rather than other acids) 
is added to a sample before you add silver nitrate solution.

Summary questions

Key points

OO You identify carbonates by
adding dilute acid, which
produces carbon dioxide 
gas. The gas turns limewater
cloudy.

OO You identify halides by adding
nitric acid, then silver nitrate
solution. This produces a
precipitate of silver halide
(chloride = white, 
bromide = cream,
iodide = yellow).

OO You identify sulfates by
adding hydrochloric acid, 
then barium chloride 
solution. This produces a
white precipitate of barium
sulfate.

Sulfates

You can test for sulfate ions by adding dilute hydrochloric acid, followed by 
barium chloride solution. (Add the dilute hydrochloric acid first to remove 
carbonate ions that would form a precipitate with the barium ions.) A white 
precipitate tells us sulfate ions are present. The white precipitate is the 
insoluble salt barium sulfate, BaSO4.

If the unknown compound was potassium sulfate, then the equation for the 
precipitation reaction would be:

K2SO4(aq) + BaCl2(aq) → 2KCl(aq) + BaSO4(s)

Here is the ionic equation for this reaction:

Ba2+(aq) + SO4
2–(aq) → BaSO4(s)

Figure 3 The white precipitate of barium 
sulfate forming 

In the test for the sulfate ion:
add hydrochloric acid before
the barium chloride. Do not
add sulfuric acid – it contains
sulfate ions!

Study tip

Silver compounds are sensitive to light. If a silver halide precipitate is left for
a few minutes in bright sunlight it slowly darkens as silver metal is formed.

Did you know … ?

Practical

Identifying unknown ionic compounds
Now you know the tests for some positive and negative ions, you can try to 
identify some unknown compounds.

Safety: Wear chemical splashproof eye protection. 
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Key points

At the end of each topic are 
the important points that you 
must remember. They can be 
used to help with revision and 
summarising your knowledge.

1

This book has been written for you by experienced teachers and subject 
experts. It covers the information you need to know for your exams and is 
packed full of features to help you achieve the very best that you can. 

Hints that give you important 
advice on things to remember 
and what to watch out for.

Study tip

These questions give you the chance to test whether you have learned and 
understood everything in the topic. If you get any wrong, go back and have 
another look. They are designed to be increasingly challenging.

Summary questions

 links
Links will tell you where you can 
find more information about what 
you are learning and how different 
topics link up.

Required practical

This feature helps you become familiar with key practicals. It may be 
a simple introduction, a reminder or the basis for a practical in the 
laboratory.

Activity

An activity is linked to a 
main lesson and could be a 
discussion or task in pairs, 
groups or by yourself.

And at the end of each chapter you will find …

Chapter summary questions
These will test you on what you have learned throughout the whole chapter, 
helping you to work out what you have understood and where you need to go 
back and revise.

Learning objectives

Each topic begins with key 
statements that you should 
know by the end of the lesson. Figure 1 Many diagrams are as important for you to learn as the text, so make sure you 

revise them carefully

Key words are highlighted in the text. You can look them up in the glossary at 
the back of the book if you are not sure what they mean.

Practice questions
These questions are examples of the types of questions you may encounter in 
your exam, so you can get lots of practice during your course.

There are lots of interesting 
and often strange facts about 
science. This feature tells you 
about many of them. 

Did you know … ?

  How to use this book
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States of matter

Learning objectives

Chapter 1 Atomic structure

After this topic, you should 
know:

 O there are three states of 
matter

 O the arrangement and motion 
of the particles in each state 
of matter

 O the names of the processes 
and energy changes involved 
in changing state.

1.1

You can classify the majority of substances as solids, liquids, or gases. These 
are called the three states of matter. 

Solids have a fixed shape and volume. They cannot be compressed. Liquids 
have a fixed volume, but they can flow and change their shape. Liquids occupy 
just slightly more space than when solid (water and ice are exceptions). Gases 
have no fixed shape or volume. They can be compressed easily.

To explain the properties of solids, liquids, and gases you use the kinetic 
theory of matter. It is based on the fact that all matter is made up of tiny 
particles and describes:

 O the movement of the particles, and
 O the average distance between particles

within each state of matter.

Look at the diagrams to the left that represent the three states of matter.

Each particle in a solid is touching its nearest neighbours and they remain in 
this fixed arrangement. They cannot move around, but they do vibrate 
constantly. 

The particles in a liquid are also very close together but they can move past 
each other. This results in a constantly changing, random arrangement of 
particles. 

The particles in a gas have much more space, on average, between them. 
They can move around at high speeds and in any direction. This means the 
particles have a random arrangement. The hotter the gas is, the faster the 
particles move. The pressure of a gas is caused by the particles colliding 
with the sides of the container. The more frequent and energetic the collisions 
are, the higher the pressure of the gas. So, in a sealed container, the pressure 
of the gas increases with temperature.

Changing state
If a solid is heated and changes directly to a gas without melting, that is, it does 
not pass through the liquid phase, the change of state is called sublimation.

Look at the changes of state that occur when water is heated and cooled:

States of matter

Particles move
very quickly in all
directions – as the
particles bash
against the walls
of the container,
they exert a force
that causes
pressure

Particles vibrate
Solid

Liquid

Gas

Particles slip and
slide over each other

Figure 1 The particles in the three states 
of matter

Solid
Melts

Increasing energy

Boils

Freezes

(Solidifies)

Decreasing energy

Condenses

Liquid

Gas

Figure 2 The changes of state in water

The hotter a solid is, the faster its particles vibrate. Eventually, the vibrations will 
be so strong that the particles begin to break free from their neighbours. At this 
point the solid starts to melt and become a liquid. 

 links
To find out how to indicate a 
substance’s state in a balanced 
symbol equation, see Topic 8.1 
‘Chemical equations’.

4

837589_chemistry_1.indd   4 09/06/2016   08:37

Sam
ple

 M
ate

ria
l



States of matter

States of matter

1 Draw a table to summarise the general properties of solids, liquids, and 
gases, as well as the average distance, arrangement, and movement of 
their particles.

2 Describe the changes that occur to the particles as a gas is cooled down 
to a temperature below its freezing point.

3 Name the following changes:
a liquid → solid b gas → liquid c solid → liquid
d liquid → gas e solid → gas (in a single step)

4 Using the kinetic theory of matter, predict how temperature and pressure 
affect the density of a fixed mass of gas.

5 Explain why substances have different melting points in terms of their 
particles.

6 Evaporation is the change of state that occurs when a liquid changes to 
a gas below its boiling point. You can investigate the factors that affect 
the rate of evaporation using a wet paper towel on a high resolution 
electronic balance. 

 Plan an investigation into one factor that might affect the rate of 
evaporation of water from the paper towel, writing a brief method.

Summary questions

Key points

 O The three states of matter are 
solids, liquids, and gases.

 O The particles in a solid are 
packed closely together, 
fixed in their positions and 
vibrate.

 O The particles in a liquid are 
also close together but can 
slip and slide over each other 
in random motion.

 O The particles in a gas have, 
on average, lots of space 
between them and zoom 
around randomly.

 O Melting and boiling take in 
energy from the surroundings 
as they take place, whereas 
freezing and condensing 
transfer energy to the 
surroundings when they occur.

The hotter a liquid is, the faster its particles move around. As the temperature 
rises, more and more particles gain enough energy to escape from the surface 
of the liquid. Its rate of evaporation increases. Eventually, the liquid boils and 
bubbles of gas rise and escape from within the liquid. 

Each change of state is reversible. They are examples of physical changes. No 
new substances are formed in changes of state. For example, water molecules 
(H2O) are the same in ice as they are in liquid water or in water vapour.

Energy changes during changes of state

When you monitor the temperature of a solid as you heat it to beyond its melting 
point, the results are surprising. The temperature stops rising at the solid’s 
melting point. It remains constant until all the solid has melted, and only then 
starts to rise again. 

At its melting point, the energy 
provided in heating the solid is 
being absorbed to break the 
forces between the particles in 
the solid. Once all the solid 
has melted, the energy from 
the heat source raises the 
temperature of the liquid as 
expected.

Changes of state which involve 
particles becoming closer 
together, that is, condensing 
and freezing (solidifying), 
transfer energy to the 
surroundings as stronger 
forces form between particles.

Practical

Cooling curve
Heat a test tube of stearic acid 
clamped in a water bath until 
its temperature reaches about 
75 °C. Then remove the test 
tube from the hot water and 
monitor the temperature as it 
falls. Plot or print off a graph of 
the results.

Interface

Temperature sensor

Clamp stand

Stearic acid
cooling down

 O What is the melting point of 
stearic acid?

 O Explain the shape of the line 
on your graph.

Safety: Wear eye protection.

time / min

So
lid

Liq
uid

Solid melts

te
m

pe
ra

tu
re

 / 
°C

Energy is being used
here to separate
particles from their
neighbours

Melting
(or freezing)
point

Figure 3 The heating curve of a solid

5
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Practice questionsChapter summary questions

Atomic structure

1 Arsenic (As) is a solid element that sublimes at 613 °C.

a What is sublimation?

b Assuming arsenic exists as atoms, draw a diagram to 
show the arrangement of some of its particles in boxes 
like the ones below:

 

613 °C

c Which of these processes take in energy from the 
surroundings?

 boiling  melting  freezing  condensation  sublimation

2 Look at the experiment below:

Cotton wool
soaked in sulfur
dioxide solution

Cotton wool soaked
in aqueous
hydrogen sulfide

Rubber
stopper

X Y

Glass
tube

Yellow
powder

 Hydrogen sulfide gas is released from the cotton wool at 
X and sulfur dioxide gas from the cotton wool at Y.

a The yellow powder inside the glass tube forms after 
10 minutes. Explain how the yellow powder forms 
using the kinetic theory of matter.

b Name the physical process that this experiment 
demonstrates.

c Why is the yellow powder formed nearer to end Y of 
the tube?

d Draw a long tube and show the possible path of a 
hydrogen sulfide particle (molecule) travelling down  
the tube.

e The original experiment was carried out at 18 °C. 
Predict any difference you might notice if the 
experiment was repeated at 25 °C.

3 Look at the data in the table below:

Chemical 
element

Melting 
point (°C)

Boiling 
point (°C)

Density 
(g/cm3)

Bromine –7 59 3.12

Caesium 29 669 1.88

Fluorine –220 –188 0.00158

Strontium 769 1384 2.6

Xenon –112 –108 0.0055

a What is the physical state of each element in the table 
at 25 °C?

b Which element exists as a liquid over the widest range 
of temperature?

c Explain the large differences in the densities of the 
elements in the table using the kinetic theory of matter.

d What is the chemical symbol for atoms of each element 
in the table? 

e Classify each element in the table as a metal or a 
non-metal.

4 a i Which sub-atomic particles are found in the 
nucleus?

ii What is the maximum number of electrons that can 
occupy each of the first two energy levels or shells?

b i Explain the overall charge on any atom.
ii Define ‘atomic number’ and ‘mass number’.

5 This question is about some of the elements in the 
periodic table.

 You will need to use the periodic table to help you answer 
some parts of the question. See page 41.

a Neon (Ne) is the 10th element in the periodic table.
i Is neon a metal or a non-metal?
ii Are there more metals or non-metals in the 

periodic table?
iii How many protons does an neon atom contain?
iv The mass number of a neon atom is 20. How 

many neutrons does it contain?
v State the name and number of the group to which 

neon belongs.
vi Name two other elements in the same group as 

neon.
vii Write the electronic structure of a neon atom.
viii What is special about the electronic structure of 

neon and the other elements in its group?

b The element radium (Ra) has 88 electrons.
i How many protons are in the nucleus of each 

radium atom?
ii How many electrons does a radium atom have in its 

highest energy level (outermost shell)? How did you 
decide on your answer?

iii Is radium a metal or a non-metal?
iv Calcium is in the same group as radium. Its atomic 

number is 20. Write down its electronic structure.
v All the isotopes of radium are radioactive. Give one 

medical and one industrial use of radioactive 
isotopes.

18
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1 Use words from the list to complete the table to show the 
state of matter described.

gas liquid solid

Description State

(3)

particles close together but not moving 
around

particles very far apart

particles close together but continuously 
moving around

2 a Explain the difference between an element and a 
compound. (2)

b Why is ammonia classified as a compound but air is 
classified as a mixture? (2)

c Name the change of state in each of these processes.
i H2O(g) → H2O(l) (1)
ii H2O(l) → H2O(g) (1)
iii I2(s) → I2(g) (1)

3 A crystal of copper(ii) sulfate is placed at the bottom of a 
beaker of water and left for a few days.

a Describe the appearance of the liquid in the beaker 
after a few days. (2)

b How does the appearance of the crystal change during 
the experiment? (1)

c Name two processes that occur during the  
experiment. (2)

4 The diagram shows the apparatus used in a teacher 
demonstration.

Cotton wool soaked in
ammonia solution (concentrated)

Cotton wool soaked in
hydrochloric acid (concentrated)

a Describe the observations you would make after a few 
minutes. (2)

b Use state symbols to complete the symbol equation 
for the reaction that occurs.

NH3( ) + HCl( ) → NH4Cl( ) (1)

c Explain how this experiment shows that ammonia 
molecules have a smaller mass than hydrogen chloride 
molecules. (1)

5 The atoms in a sample of neon can be represented as  
20

   10  Ne and  22
   10  Ne.

These atoms are isotopes.

a Explain the term ‘isotopes’. (2)

b Explain why isotopes have identical chemical 
properties. (1)

c Copy these statements and use numbers to  
complete them.
i The number of protons in an atom of  20

   10  Ne 
is  . (1)

ii The number of electrons in an atom of  22
   10  Ne 

is   . (1)
iii The number of neutrons in an atom of  20

   10  Ne 
is   . (1)

iv The mass number of  22
   10  Ne is  . (1)

d The relative atomic mass of neon is 20.2.

Which of the two isotopes is more abundant? (1)

6 Electrons in atoms are arranged in energy levels (or 
shells) at different distances from the nucleus. Copy 
these statements and use numbers to complete them.

a The maximum number of electrons in the first shell is 
 . (1)

b The maximum number of electrons in the second 
shell is  . (1)

c Atoms of sodium have electrons in  shells. (1)

d The number of electrons in the third shell of an atom 
of phosphorus is  . (1)

e The atomic number of an atom with the electronic 
structure 2,8,6 is  . (1)

Practice questions

19
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