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 5 Reversible changes

■➜ Changes of state
You have already learnt that different materials have different 
properties. One of these properties is the way that the material 
behaves when it is heated or cooled. Often heating or cooling 
results in a change of state. Can you remember the names of the 
changes of state? Look carefully at the pictures below and discuss 
with your partner or group what name is given to the change of 
state being shown.

■■ An ice lolly will turn from a solid to a liquid as it 
warms up

■■ The water in these wet clothes will turn into a 
gas if it is warm and windy
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We often describe these changes as reversible. This means that the 
substance can change between states without becoming a different 
substance. This property is very important in many ways and you 
will learn more about these later in this book. 

■■ The water in this tray will 
turn into a solid when it gets 
really cold

■■ When the water vapour in the air meets a cold surface it turns into 
droplets of liquid water

Did you know?

Water is a very unusual liquid. When 
water freezes it expands. Most liquids 
will contract when they freeze. This is 
good news for plants and animals that 
live in ponds because a layer of ice will 
float on top of the water and help to 
stop the whole pond from freezing. 
However, it is bad news if water pipes 
in your home freeze, because the ice 
can split the pipes as it freezes. When 
it begins to melt, the water will drip 
out through the split. If water freezes 
in cracks in rocks, it can split the rocks 
apart. We call this physical weathering 
and you may have learnt about it in 
your geography lessons.

■■ A burst water pipe can 
cause flooding in the house
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■➜ Dissolving – another reversible 
change
If you stir a little sugar into a cup of tea, the sugar seems to 
disappear. It can no longer be scooped out of the cup. However, 
when you drink the tea you can taste the sugar so it is still in the 
cup. What has happened to the sugar? You may hear people saying 
that the sugar has melted in the tea. In fact this is not the case. 
Melting is when a substance is heated and turns from a solid to a 
liquid. Something different happens when the sugar is mixed with 
the water.

Like all materials, sugar crystals are made of particles. When the 
sugar is stirred into the tea, the crystals break apart and the sugar 
particles mix with the liquid tea particles. We say that the sugar has 
dissolved.

■■ The sugar dissolves in the tea

particles of
liquid tea

particles of sugar
mixed with the tea

Substances like sugar that dissolve are described as soluble.

Not all materials are soluble. Some materials cannot dissolve and are 
described as insoluble. Sand, for example, is insoluble, which is just as 
well because otherwise it would dissolve into the sea and there would 
be no beaches to make sand castles on!

847516_C05_Science_Year_5_061-072.indd   63 08/05/15   8:24 PM

Sam
ple



 
5 

Re
ve

rs
ib

le
 c

ha
ng

es

64

You will need:

●■ beakers

●■ warm water

●	 a spoon or a spatula

●■ stirring rod.

Your teacher will give you some materials to test, for example, salt, pepper, 
fl our and sawdust.

■■ A spatula is a special scoop used in science

Half fi ll a beaker with water and add a little of one of the materials using the 
spoon or spatula. Then give the mixture a good long stir.

Look carefully at the mixture and describe clearly what you see.

Leave the mixture for a while and then take another look. Does it look any 
different? If so, describe what it looks like now.

If the mixture becomes a clear liquid, the material has dissolved and it is 
soluble. If the material does not disappear, the material is insoluble.

Sometimes the material is made from such tiny pieces they fl oat around in 
the mixture for a while, making the mixture appear opaque or milky. This 
mixture is called a suspension. After a time, the tiny pieces will drift down 
towards the bottom of the beaker and you will see them at the bottom of 
the beaker with clear water above. These substances are also insoluble.

Decide whether the materials you tested are soluble or insoluble.

You will need:

Activity – soluble or insoluble?
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Many of the key words you will come across in this chapter begin 
with the letter ‘S’. When a soluble substance dissolves, we call the 
mixture a solution. A solution is made of two substances.

The solid that dissolves is called the solute.

The liquid it is dissolved in is called the solvent.

■■ Solute (sugar) + solvent (water)

sugar
lumps

solvent

■■ makes a solution (sugar syrup)

Exercise 5.1

Use the words below to complete the sentences. Each word may 
be used once, more than once or not at all.

can cannot dissolved

insoluble soluble solute

solvent suspension solution

1 When a substance seems to disappear when mixed with water, 
we say that it has .

2 A substance that is able to dissolve is described as a  
substance.

3 An insoluble material is one that  dissolve.

4 When a substance dissolves in water, the mixture is called a 
.

5 In a solution, the liquid part is called the  and the 
dissolved solid is called the .

6 A  is formed if the pieces of an insoluble 
substance are tiny enough to fl oat in the liquid.
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Investigating changes in mass
In this activity it is really important that you measure masses and 
volumes very accurately so take care when measuring and make 
sure that you do not spill anything.

You will need:

● a conical flask

●■ a measuring cylinder

●	 scales

●	 sugar

●■ a small container, for example a petri dish, to weigh the sugar into.

Take a flask and find its mass. Remember to write down the mass 
clearly, including the units, in your notebook.

Measure out 50 ml of warm water, using a measuring cylinder, and 
pour it carefully into the flask, making sure that you do not spill 
any. Weigh the flask again. You now have the mass of the flask and 
the water together.

Use the two masses (empty flask and flask + water) to calculate 
the mass of the water by itself.

Carefully weigh out 2 g of sugar and record its mass.

Discuss with your partner the following question:

If you weigh the flask and its contents again after you have added 
the sugar, what will the mass be?

Carefully pour the sugar into the flask and swirl it round gently to 
dissolve the sugar. Do not use a stirring rod. Take care not to spill 
any of the mixture.

Weigh the flask and its contents. Was your prediction correct? 
Discuss your findings with your partner or group to see if you can 
explain your observations using what you know about particles. 
Share your ideas with the class to see if they all agree.

Now discuss the following questions:

1 What was the mass of the water you put into the flask?

2 What was the mass of the sugar that you added to the flask?

3 What is the mass of the solution? (Hint: you will need to work 
this out)

4 What do you notice about these figures?

Working Scientifically
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If your measurements have been accurate you should have 
discovered that the mass of the solution is equal to the mass of the 
solvent plus the mass of the solute. This is always the case when we 
make a solution and we call it conservation of mass.

Here is a tricky extra question to think about. Look back at the 
measurements you made at the start of the activity above. Now 
discuss whether you could predict the mass of the solution if you 
knew the volume of the water and the mass of the solute.

Making things dissolve more quickly
People are often in a hurry. We do not like to wait for ages for the 
sugar to dissolve in our tea and so it is useful to think about how we 
can make it happen more rapidly.

Speeding up dissolving
How can we make things dissolve more quickly? Discuss your ideas with 
your partner or group. Here are some questions to help your discussion.

● When we put sugar in our tea, we always stir it. Does this make 
the sugar dissolve more quickly?

●■ Does sugar dissolve more quickly in hot or cold liquids?

●■ Sometimes people have special sugar with big crystals for 
putting into coffee. Does this sugar dissolve more quickly or 
more slowly than ordinary sugar?

Working Scientifi cally

The questions above mention three variables (factors) that 
might affect how quickly sugar dissolves:

●■ stirring

●■ the temperature of the water

●■ the size of the sugar crystals.

Choose one of these variables (factors) and plan an experiment 
to test whether it affects how quickly sugar dissolves.

The questions above mention three variables

Activity – sugar racing
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Remember to make your investigation a fair test. Record your 
results neatly in a table.

When you have all done your testing, discuss the results with 
the rest of your class so that you all have the answers to all the 
questions.

■■ Remember to work safely when doing chemistry experiments

Exercise 5.2

1 Copper sulfate is a blue chemical that dissolves in water to 
make a blue solution. In copper sulfate solution, what is:

(a) the solvent

(b) the solute?

2 A scientist wishes to make a solution of copper sulfate 
quickly. Name three things she should do to help her do this.

3 What is a suspension?

4 Some pupils want to fi nd out whether the temperature of the 
water affects how quickly copper sulfate crystals dissolve.

(a) What is the one variable (factor) they should change in 
their investigation?

(b) Which variables (factors) should they keep the same to 
make their test fair?

(c) What pattern would you expect them to fi nd in their 
results?
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Go further

Saturated solutions
You have learnt that a solution is made by dissolving a solute
(soluble substance) into a solvent (such as water). If you go on adding
more and more of the solute you will fi nd, after a while, that no more
of the solute will dissolve, however much you stir. A solution like this,
where no more solute will dissolve, is described as a saturated solution.
Some substances, such as sugar, are very soluble and a lot of sugar must
be added before you make a saturated solution. Other substances are
less soluble and so less needs to be added before the solution is saturated. 
Examples of less soluble substances are salt and copper sulfate.

You have already found that substances will dissolve more quickly in
hot water. Many substances are also more soluble in hot water so the
quantity of solute needed to make a saturated solution may depend
on the temperature of the solvent.

You will need:

●■ a beaker containing 100 cm3 hot water (be very careful with the hot water!)

●■ another clean beaker

●■ fi ne copper sulfate crystals

●■ a spatula

●■ a stirring rod

●■ one larger copper sulfate crystal

●■ thread

●■ a pencil or wooden splint

●■ eye protection.

Remember to wear eye protection all the time while you are doing this 
experiment.

Add fi ne copper sulfate crystals to the hot water carefully, using the 
spatula.

You will need:

Activity – growing crystals
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Stir well after each addition to dissolve the crystals. You will 
notice that the colour of the solution becomes darker and 
darker.

When you are sure no more crystals will dissolve, leave the 
solution to cool to room temperature. Wash your hands 
thoroughly before you do anything else.

When it has cooled, pour the solution carefully into a clean 
beaker. You will probably have some crystals at the bottom of 
your beaker. Try to leave these behind. Your teacher may give you 
a filter to do this. We will learn more about filtering in Chapter 6.

You now have a saturated solution of copper sulfate.

Carefully tie the thread around the larger copper sulfate crystal 
and wrap the other end of the thread around the pencil or splint.

Balance the pencil or splint across the top of the beaker and 
adjust the length of the thread until the crystal is hanging in 
the solution and not touching the bottom of the beaker. This 
crystal is called a seed crystal.

Put the beaker in a safe place 
and then wash your hands 
before removing your eye 
protection.

Leave your solution for a 
week or two, checking it from 
time to time. Your crystal 
should grow bigger and 
bigger. This happens because 
the water in the solution 
slowly evaporates and so 
less and less copper sulfate 
can stay dissolved. The extra 
copper sulfate sticks to your 
crystal and makes it bigger.

What shape is your crystal? Is it the same shape as the ones 
made by other members of your class?

You might like to try making crystals of other substances, such 
as salt or sugar.

seed
crystal

saturated
solution

thread
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Exercise 5.3a

Some pupils carried out an experiment to fi nd out how the 
temperature of the water affects the amount of the solute 
needed to make a saturated solution. They did the experiment 
twice, using a different solute each time.

Here are their results:

Temperature of the 
water in °C

Quantity of solute that can be dissolved 
in 100 cm3 of water in grams

Solute A Solute B

20 36.0 21.0

40 36.5 29.0

60 37.0 40.0

80 38.0 56.0

1 Describe how the temperature of the water affected the 
amount of solute B that would dissolve in 100 cm3 of water.

2 The pupils’ teacher told them that the solubility of salt does 
not change very much with temperature. Which solute might 
have been salt?

3 Suggest how much of solute A might dissolve in water at 100 °C.

4 Draw a bar chart to show the results for solute B.

Exercise 5.3b: extension

1 On graph paper, use the data from Exercise 5.3a to draw a line 
graph to show both sets of results. Put ‘Temperature of water 
in °C’ on the horizontal axis and ‘Quantity of solute in grams’ 
on the vertical axis. Plot the points for solute A fi rst and then 
join them carefully with a smooth curve. Then plot the results 
for Solute B and join these points with another smooth curve. 
You might like to use a different coloured line for each solute. 
Remember to label the lines or use a key to show which line is 
which. Give your graph a suitable title.
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2 Use your graph to find the following information:

(a) At what temperature is the solubility of solute A the 
same as solute B?

(b) How much of solute B would you be able to dissolve in 
100 cm3 of water at a temperature of 30 °C?

(c) At what temperature would you be able to dissolve 50 g 
of solute B in 100 cm3 of water?

3 Suggest how much of solute A would dissolve in 200 cm3 of 
water at a temperature of 60 °C.
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5	 Reversible	changes

What I already know

Look carefully at the pictures below. Each one shows a change of state occurring.

Under each picture, give the state (solid, liquid or gas) of the item shown.

On each arrow write the name of the change of state.

condensation  evaporation  freezing  melting  solid  liquid  gas

State:  State: 

State:  State: 

State:  State: 

State:  State: 
 (12)
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Changes	of	state:	the	water	cycle
Developing vocabularySkill

During the water cycle there are 
various changes of state.

Below are five statements 
describing changes that take 
place during the water cycle. 
Complete each one by filling 
in the gaps using words from 
the box.

rivers
water

condenses
cracking

expands
precipitation

vapour
cool

evaporates
freeze

  The heat from the Sun warms the  in the sea. Some of the 

water  and rises up into the sky as water vapour.

  As the water  rises, it cools and  to 

form tiny droplets of liquid water. These come together to form clouds.

  Winds blow the clouds over the land. When they meet mountains, they rise and 

 even more. This makes the water droplets bigger, and they fall 

as rain, sleet or snow. This is called .

  Most of the water flows into , which carry it back to the sea. 

Some water soaks into the soil to become ground water.

  Some water may get trapped in crevices in the rocks on the mountain. In winter this water 

may . Water  when it freezes and 

this will push the crevices apart,  the rocks into smaller pieces.  

 (10)

Each statement above refers to one of the labelled stages in the picture. Place the correct letter  
from the diagram in the box by each statement.  (5)

Skill check

I know and understand the vocabulary for this topic.

A

BC

D E
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Garden	hose	disaster
Using knowledge and understanding to explain an observationSkill

Imagine you are the child in the pictures above. Write a letter to your grandmother, or some 
other person, describing the funny thing that happened when Dad tried to wash the car. Include a 
clear, scientific explanation of what happened.

 

 

 

 

 

 

 

 

 

  (10)

Skill check

I have described and explained the event shown in the pictures, using appropriate 
scientific vocabulary.
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Dissolving	experiment
Evaluating an experimental method and suggesting improvements

Organising data into a table

Skill

Two groups of children are investigating the rate at which salt crystals dissolve in water.

Each group describes their method.

Group A
We used small salt crystals. We put some crystals in some water and stirred until they had 
all dissolved. We used a timer to measure the time taken for them to dissolve. We did the 
experiment three times to check our results.

Our results: test 1 = 0 mins 35 seconds, test 2 = 0 mins 26 seconds, test 3 = 0 mins 58 seconds.

Group B
We used big salt crystals. We put 10 g of crystals in a beaker and added 100 cm3 of water at 
60 °C. We stirred until all the crystals had dissolved and timed how long it took. We did the 
experiment three times to check our results.

Our results: test 1 = 1 minute and 45 seconds, test 2 = 1 minute and 42 seconds, test 3 = 1 
minute and 47 seconds.

1 Fill in the results from these two experiments in the table below.

Time taken to dissolve, in minutes and seconds
Test 1 Test 2 Test 3

Group A

Group B

 (4)

2 (a) Which group’s data was unreliable?   (1)
(b) Suggest two ways in which they could improve their method to make their results more reliable.

 

  (2)
3 Suggest one safety precaution that the children should take when doing this experiment.

  (1)

4 Group B weighed the solution at the end of each test. If 1 cm3 of water weighs 1 g, what 
would be the final mass of their solution? Show your working.

  (2)

Skills check

I can spot errors in an experimental method and suggest improvements.

I can organise data into a table.
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Solutions:	crossword
Developing vocabularySkill

1 2

3

4

5

7

6

8

Across
1 A  is a mixture of a liquid and a soluble solid.

3 When no more solute can dissolve, the solution is said to be 

4 Sugar and salt dissolve in water because they are 

7 Tiny pieces of an insoluble solid floating (suspended) in a liquid are called a 

8 In a solution, the liquid part is the 

Down
2 Chalk is  so it is not able to dissolve in water.

5 When salt is mixed with water it seems to disappear because it has 

6 A  is the solid part of a solution.

 (8)

Skill check

I know and understand the vocabulary for this topic.
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Quick	quiz:	reversible	changes
Write short answers to the following questions to check how much you remember about 
reversible changes. You do not need to write full sentences.

1   Explain why the freezing of water is a reversible change.

 (1)

2   What name is given to the following changes of state:

(a)  solid to liquid   (1)

(b)  gas/vapour to liquid   (1)

3   What is happening when a puddle disappears from the playground?

 (1)

4   What name do we give to the change that occurs in water at 100 °C?

 (1)

5   What is the freezing point of water?   (1)

6   What property of water as it freezes, causes pipes and rocks to crack?

 (1)

7   What does the term ‘insoluble’ mean?

 (1)

8   What is formed when salt dissolves in water?

 (1)

 9  (a) What name do we give to the solid part of a solution?

  (1)

(b)  What name do we give to the liquid part of a solution?

  (1)

10   Which would you expect to dissolve more quickly, large salt crystals or small salt crystals?

 (1)

11   How does the temperature of the solvent affect the rate of dissolving?

 (2)

12   What effect does stirring have of the rate of dissolving?

 (1)

13   What will be the mass of a solution made from 100 cm3 (100 g) of water and 20 g of salt?

 (1)

 (Total 16)
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C
heck list: reversible changes

Check list: reversible changes
I know J K L
that dissolving, melting, boiling, condensing, freezing and evaporating are all reversible 
changes

that heating and cooling cause changes of state

that water expands on freezing, and that this can cause pipes to burst and rocks to crack

that soluble solids dissolve in liquids to form solutions

that insoluble solids are not able to dissolve

that a solution is formed from a solvent (liquid) and a solute (soluble solid)

that temperature of the solvent, particle size of the solute and stirring are all factors that 
affect the rate of dissolving

that the mass of a solution is equal to the mass of the solvent plus the mass of the solute

I can J K L
describe how to carry out a fair test to compare rates of dissolving
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