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INTRODUCTION

This module introduces the concept of states of matter. Children will learn the characteristic
properties of solids, liquids and gases, first through physically exploring typical materials and
then by classifying examples, such as powders and very viscous liquids, which are harder to
classify. Using first-hand experience and secondary sources they will learn about changes of
state and begin to understand freezing and boiling points as identifying characteristics of a
material. They will learn the names of some common gases. They will have the opportunity
to explore the expansion of liquids and gases when they are heated, using this to make a
simple thermometer and explain how it works. They will also learn about the water cycle,
modelling it in different ways and further developing their understanding of changes of
state. This module focuses on reversible changes; reversibility will be covered in more detail
in Year 5, along with other types of change.

When working scientifically children will make careful observations and explain what

they show. They will also observe and measure changes over time, first-hand and using
secondary sources. They will classify materials and record their sorting using Venn diagrams.
They will plan and carry out fair tests, learning to identify and control variables and
drawing up tables to record their data. This will then be presented as bar or bar line graphs.
Children will identify patterns in the data and use these to answer their investigation
questions and to make further predictions. When investigating changes of state they

will use thermometers and data loggers, applying their mathematical knowledge of the
measurement of temperature in degrees Celsius and learning to interpret a line graph (data
logger trace) of temperature and time.

Key vocabulary:

solid, liquid, hard, soft, pour, flow, pile, pool, surface, horizontal, runny, viscous, sticky,
grain, powder, ice, water, temperature, cool, cooling, warm, warming, hot, degree Celsius,
melt, melting, freeze, freezing, solidify, solidifying, heating, states of matter, change of
state, melting point, freezing point, process, gas, air, carbon dioxide, helium, oxygen,
bubbles, empty, particle, weight, compress, squash, shape, volume, dry, evaporate,
evaporation, water vapour, boil, boiling, boiling point, steam, thermometer, data logger,
sensor, droplets, condense, condensation, water, droplets, cycle, model, snow, expand,
scale, calibrate, heat sensitive, sensor, observe, measure, fair test, variable, collect, present,
interpret, data, axis, scale, interval, control, keep the same, evidence, annotate, accuracy,
describe, explain, evaluate, reliable, repeatable

FACT FILE:

Substances occur in three states, solid, liquid and gas. Each has characteristic properties:

e Solids retain their shape unless a force is applied to them, for example to cut or shape
them. They have constant volume (small amounts of expansion when heated are not
considered in this module). This is because the particles making up the solid are held
in a tight structure where they can vibrate but cannot move in relation to each other.
Powders can be poured but will form a pile rather than a pool (flat surface). Each grain of
a powder maintains its shape and volume.

e Liquids when transferred from place to place take the shape of the container they are in
but do not change in volume (although children will learn later in the module that heating
causes expansion). The surface of a liquid will remain horizontal when the container is
tipped. The particles in a liquid remain in contact with each other so the liquid cannot be
compressed, but they are more loosely bound and so can move in relation to each other,
allowing changes of shape.

¢ Gases change in shape and volume to fill the space they are in. The particles in a gas are
wide apart and move freely so, under pressure, the gas will take up less space.
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Although the property of density is not taught in this module children will be aware that for
the same volume a substance is lighter as a gas than a liquid and usually lighter as a liquid
than a solid. The exception to this is water, which becomes denser as it cools, but only until
it reaches 4°C, when it expands again. This is why, unlike other solids and liquids, solid ice
floats on liquid water.

Although solids and liquids do not change in volume, if the temperature and pressure do
not change, heating a solid, liquid or gas will cause expansion. Heating gives the particles
more energy so they move more and can move further away from each other. Particles in a
solid still remain in a structured arrangement and liquid particles still move in contact with
each other. Gases expand more than liquids, which expand more than solids. The particles
only change in arrangement if they are heated enough to change state.

Changes of state occur as a result of heating or cooling. They affect the properties of the
substance but not its chemical composition. Water is useful for teaching changes of state
because it is familiar to children as ice, water and steam, but they need to understand
that the same changes occur when other solids, liquids and gases are heated and cooled.
They need to experience this practically and by using secondary sources to find out about
materials which change state at very high or low temperatures and which they will only
have experienced in one state, such as metal. Changes of state are reversible processes;
for example, when ice is heated it melts but the resulting water will become ice again if
sufficiently cooled.

¢ Melting is the change from solid to liquid caused by heating.

* Freezing or solidifying is the change from liquid to solid caused by cooling. The term
freezing is usually used when the change happens at low temperatures; solidifying is used
for change at higher temperatures but the distinction is not crucial at this stage.

e Evaporation is the change from liquid to gas. In the case of water the gas is called
water vapour. In everyday language the process may be called drying or drying up. This
happens at all temperatures above freezing point with the rate of evaporation increasing
as the temperature rises. It happens only at the surface of the liquid, which is why
increasing the surface area increases the rate of evaporation.

e Boiling is a change from liquid to gas when the liquid is heated to a specific temperature
known as its boiling point. It happens throughout the liquid so a boiling liquid contains
bubbles of the substance in gas form. Water vapour at 100°C is known as steam.

¢ Condensation is the change from gas to liquid at temperatures between its boiling and
freezing points.

Any pure substance has characteristic temperatures at which it freezes (its freezing point
which, for most materials, is the same temperature as its melting point) or boils (boiling
point). Materials which are mixtures will not have a defined freezing or boiling point.
Adding impurities to a substance can change its freezing or boiling point; for example,

salty water freezes at a lower temperature than pure water. Pure water has a freezing point
of 0°C and a boiling point of 100°C at normal atmospheric pressure. A solid heated to its
melting point or a liquid heated to boiling point will show no further change in temperature
(the heat energy is all used by the change of state). The levelling off of the time and
temperature graph shows where the melting or boiling point is.

heating

melting boiling / evaporating Changes of state

ICE WATER WATER VAPOUR/STEAM
solid liquid gas States of matter
freezing / solidifying condensing Changes of state

cooling
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The water cycle shows how water in the environment evaporates into the air then the
warm air cools as it rises leading to condensation and the formation of clouds. Water
droplets in the clouds fall as rain (or as snow or hail if cooled below freezing point). The
water returns to the sea via streams, lakes and rivers to continue the cycle. Some of it is
used by people and animals and some evaporates before it reaches the sea.

Common misconceptions:

* Many children develop misconceptions about materials because of the way in which
many words used to describe their properties have meanings in language that are
misleading in scientific terms. For example the word solid is often used as a synonym for
hard, rigid or opaque, leading to difficulties classifying solids which are soft, flexible or
transparent. It is important to establish the correct meaning of solid and support children
with correct descriptions of properties of materials.

e Similarly hollow may be seen as opposite in meaning to solid, leading to difficulties in
classifying hollow solid objects. A focus on the material rather than the object is important
here.

¢ Children may be confused by solids such as sponge which can apparently be compressed.
They need to understand that the actual solid material does not change in volume but
that it contains spaces filled with air which is pushed out when the sponge (object) is
squashed.

e They may also have difficulty with malleable solids such as clay which can be shaped.
They need to recognise that a force has been applied to change the shape of the material.

e Granular solids and powders, which seem to behave like liquids in some respects, can be
difficult to classify. Children need to focus on the properties of the individual grains.

e Gases are less familiar to children than liquids and solids. They do not always realise that
an ‘empty’ container has air in it or that gases have substance and weight. They may also
believe that all gases are dangerous and poisonous.

e Evaporation and boiling are often confused as both involve a change from liquid to gas.

e The word condensation has the everyday meaning of ‘mist’ or ‘fog’ on mirrors, windows
and so on. Condensation is the process which causes that to happen; what they can
actually see is water, not a substance called condensation.
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¢ Although we teach children that water vapour in the air cannot be seen, they often think
that steam is different from water vapour and is visible. Steam is water vapour at a higher
temperature. What the children are seeing, and what is referred to as steam in everyday
language, is a cloud of small water droplets formed by the steam condensing in the air as
it moves away from the heat source. The actual steam is the invisible gas in the clear area
immediately above the pan or the spout of the kettle.

o Particles in liquids are often represented by children as being further apart than those in
solids with gaps between them, smaller than those in a gas. The change from solid to
liquid is actually a change of arrangement, with the regular pattern of a solid replaced by
something more random with patrticles able to move in relation to each other.

solid liquid incorrect representation gas
of liquid

Big Cat book links

Ice cream! Sue Graves Find out lots of fascinating facts
978-0-00-718701-0 about ice cream and its history in this
Band 9 Gold mouthwatering book.
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