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ATOMIC STRUCTURE

SUBATOMIC PARTICLES

Atoms are made of smaller
particles called subatomic
particles. In the middle of
every atom is its nucleus. The
nucleus contains two types of
subatomic particles, called
protons and neutrons.

Protons and
neutrons form
the nucleus of
an atom.

Neutron

Subatomic particles of a third
type, called electrons, move
around the nucleus. The
electrons exist at different
energy levels, called shells,
around the nucleus. Each shell
can have up to a certain
number of electrons. When it
is full, a new shell is started.

Scientists now think that protons
and neutrons are made of even
smaller subatomic particles,
called quarks.

Atoms are the tiny particles of which
everything is made. It is impossible to

imagine how small an atom is. A hundred
million atoms side by side would measure
only 1 cm, and a sheet of paper, like the
ones that make up this book, is probably
a million atoms thick.

This diagram uses colored
balls to represent the parts
of an atom and illustrate the
relationships between them.

Electron
shells

Electron

Neutron



ELECTRICAL CHARGES

The subatomic particles that
make up an atom are held
together by electrical charges.
Particles with opposite electrical
charges are attracted to one
another.

The protons have a positive
electrical charge and the
electrons have a negative charge.
Neutrons have no electrical
charge, so they are neutral.

It has four
protons.

It has four
electrons.

Its three neutrons
have no effect on its
electrical charge.

REPRESENTING ATOMS

Although atoms are often
represented by diagrams like
the main picture, scientists now
believe that the electrons are
held in cloud-like regions
around the nucleus, as in the
electron cloud model below.

Electron cloud model

Electrons
be anywhere
within their
cloud, at
any time.
Sometimes athey even
move
outside it.

ELECTRON DENSITY

In the picture below, different
colors show different levels of
density of electrons in a group
of atoms. The turquoise areas
show where the electrons are
most dense.

This is a
picture of
what you
might see
through an
extremely
powerful
microscope.

Electrons are trapped by
their attraction to protons,
which are in the nucleus.
They whizz around the

nucleus at different
levels, called shells.

The two electrons
shown in green
exist in the first
shell of this atom.
Those in blue
are in the
second shell.

/ Proton:
positive
electrical
charge.

Electron:
negative
electrical
charge.

Neutron:
no
electrical
charge.

An atom usually has an equal
number of positively charged
protons and negatively charged
electrons. This makes the atom

itself electrically neutral.

N4

This atom is electrically neutral.

*

Go to www.usborne.qulckllnks.com
for links to the following websites:

Webslte 1 Zoom into a soda can and
find out iust how small atoms are.

Webslte 2 Try some fun activities to
find Out more about atoms.

Webslte 3 Read a guide to atoms and
subatomic particles.

Webslte 4 Information about electrons
including their properties and discovery,
and the ways in which we use them.

Webslte 5 Take a look inside a carbon
atom.
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Carbon-14 has
six protons and
eight neutrons.

Internet links

Go to www.usborne-quickllnks.com
for links to the following websites:

Webslte 1 An introduction to elements
with information on elements as atoms.

Webslte 2 Build your own carbon
atom and find out about famous
scientists like Niels Bohr.

Webslte 3 Explore a particle
accelerator laboratory, the European
Organization for Nuclear Research
(CERN).

These examples
show the three
isotopes of carbon.

,r

Proton

Neutron

Carbon-i 2 has
six neutrons and
six protons.

Carbon-13 has
six protons and
seven neutrons.

1.



MOLECULES
toms are rarely found on their own. They usually
cling, or bond, together to form molecules or large

lattice structures. A molecule is a group of atoms that
are bonded together to form the smallest piece of a
substance that normally exists on its own. Molecules
are much too small to be seen with the naked eye.

SHELLS AND BONDING

Most atoms have several shells of
electrons*. The first shell of an atom
can hold two electrons. The second
and third shells can hold eight,
although some atoms can hold up
to 18 electrons in their third shells.
When a shell is full, the electrons
start a new shell. An atom is
particularly stable when it has a
full outer shell of electrons.

Atoms bond together in order to
become stable. They do this by
sharing electrons, or by giving up
or taking electrons from another
atom in order to achieve a
full, or fuller, outer shell.
Two hydrogen atoms, for
instance, bond together to
make a hydrogen molecule.
They share their electrons,
giving each atom a full
outer shell. (For more about
bonding, see pages 68-71.)

Two hydrogen atoms

I An argon atom has
three full shells of
electrons. It is a
stable atom.

A sodium atom is
unstable. It has only
one electron in its
third shell.

Hyn molecule

EIe,t,ons, 10.
14

Each atom has

I a full shell of
two electrons,
50 it is stable.

I
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WATER MOLECULE

A water molecule consists of two
different elements: hydrogen and
oxygen. The two hydrogen
atoms share electrons with the
oxygen atom, so each has a
complete shell. The oxygen atom
uses two electrons (one from
each hydrogen atom) to
complete its own outer shell.
All the atoms become stable.

CHEMICAL FORMULAE

An atom’s name can be
shown by a symbol (its
chemical symbol). This is
usually the first letter or two
of its name in English, Latin
or German.

Q The symbol for
oxygen

A
The symbol for gold,

U from the Latin word
aurum

F
The symbol for iron,e from the Latin word
ferrum

K The symbol for
potassium, from the
German word kalium

A chemical formula shows
the atoms of which a
substance is made and in
what proportions. For
example, each molecule of
carbon dioxide is made up of
one atom of carbon and two
atoms of oxygen, so the
formula for carbon dioxide is
CO2. The figure “2” shows
the number of oxygen atoms
in the molecule.

MODELS OF MOLECULES

When studying molecules,
scientists often use models to
represent them. There are two
main types: ball-and-spoke
models and space-filling models.

In ball-and-spoke models, the
bonds that hold the atoms
together are shown as sticks.

This is a model of
a molecule of DNA,
a complicated
chemical compound
found in the cells of

all living things.

— Oxygen
atom

Molecule of
methane (CH4)

3. --

L. ---Ca..
I ,,.atom

Hydrogen .Y•

atom

In space-filling models, atoms
are shown clinging together.

Molecule of
carbon
dioxide
(CO2)

Oxygen
atom

Carbon
atom

The oxygen atom contains six
electrons in its outer shell.
It needs two more
electrons to
complete its
outer shell
and become
stable.

Each hydrogen
atom contains one
electron in its shell.
They each seek one
electron to complete their
shells and become stable.

Neither model looks like an
actual molecule, but they are
simple ways of showing the
atoms that form the molecule.

Molecule of •
ammonia j
(NH3)

Internet links

— Nitrogen
atom

hydrogen
atoms

Go to www.usborne.qukkllnks.com
for links to the following websites:

Webslte 1 Learn about molecules with
an online activity.

Webslte 2 Learn about unusual
“mirror molecules”.

Website 3 An interactive online lesson
about molecules.

Is
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THE KINETIC THEORY

The theory that explains the
properties of solids, liquids and
gases is called the kinetic
theory. It is based on the idea
that all substances are made up
of moving particles. It explains
the properties of solids, liquids
and gases in terms of the
energy of these particles.

Heating a substance gives the
particles more energy, enabling
them to move around faster
and change from one state
to another. (See Changes of
State, pages 18-1 9).

Like many scientific theories,
the kinetic theory has never
been proved, It provides an
explanation, though, for how
solids, liquids and gases are
seen to behave, and why
substances change from
one state to another.

BROWNIAN MOTION

The movement of particles in
liquids and gases is known as
Brownian motion, named
after a British biologist, Robert
Brown (1 773-1 858). In 1827,
Brown observed how tiny
grains of pollen moved
around randomly in a liquid,
but he could not explain what
caused this movement.

16
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Movement of particles in solids,
liquids and gases

The particles in a solid have the least
energy and cannot overcome the
attraction between one another. They
vibrate, but stay where they are.

Heating a solid gives the particles
more energy so they can escape
from each other. The solid melts
and becomes a liquid.

-

The particles in a gas have even more
energy. They easily move far apart and
spread out through the available space.

The German-born
scientist Albert Einstein

(1 879-1 955) later explained
that the movement of
particles in a liquid or gas is
caused by the particles being
hit by the invisible molecules
of the fluid in which the
particles are floating.

SOLIDS, LIQUIDS AND GASES

M ost sLlhstances can exist in three different forms: as solids,
liquids or gases. These are called the states of matter. A

solid has a definite volume and shape. A liquid has a definite
volume, but its shape changes according to the shape of its
container. A gas has neither shape nor volume. It will move
to fill the space available.

This is a
geyser. Water
heated to boiling
point under the ground
turns from a liquid to a
gas (steam) and shoots
out of a crack. You can
find out more about
what causes geysers
over the next
page.

Random movement
of particles in a
liquid

4%



MEASURING SUBSTANCES

Volume is the amount of space
occupied by a solid or liquid. It is
measured in cubic meters (m3).

You can calculate the volume of
a rectangular solid using this
formula:

Volume =

[ Lengthx Breadth x Height

Length

Breadth .2

Height

Measuring
cylinder

The volume of an irregularly
shaped solid is measured by
finding how much liquid
it displaces, using Eureka

a.a Eureka can. 1 can

1 Eiirek9 can is filled
with water to base a’
of spout.

2. Object is put
into Eureka can.

t
I—
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The mass of a solid, liquid or
gas is the amount of matter it
contains. This is measured in
kilograms. Mass is different from
weight, which is a measure of
the strength of the pull of
gravity* on an object. Mass is
measured by weighing a
substance and comparing its
mass with a known mass.

Density is the mass of a
substance compared with its
volume. For example, the same
volumes of cork and metal have
different densities because the
mass of the metal is much
greater than that of the cork.
Density is found by dividing the
mass of an object by its volume,
and it is measured in kilograms
per cubic meter (kg/rn9).

. — MassDensity
— Volume

The density of a liquid is
measured using a hydrometer.
The hydrometer floats near the
surface in a dense liquid, as only
a small volume of liquid needs

You will need a measuring cup,
a cake mixing bowl and a
dishpan.

First, put your mixing bowl
inside the dishpan. Then
carefully fill the mixing bowl
with water up to the brim.

Now take the object that you
want to measure and hold it
just on top of the water’s
surface. Let the object sink into
the water. Water will slop over
the side of the mixing bowl
and be caught in the dishpan.

I
See for yourself

You can do an experiment to
find the volumes of irregularly
shaped solids without using a
Eureka can.

The volume of a liquid
can be found by
pouring the liquid into
a measuring cylinder
marked with a scale.

to be measured
Mixin
bowl

Dishpan

Take the mixing bowl out of
the dishpan. Now pour the
water from the dishpan into
the measuring cup. The
volume of water is equal to
[he volume of the object.

Internet links

3. Volume of
displaced water
is measured.

Scale marked
— on hydrometer

to be displaced
to equal the
weight of the
hydrometer
(see Why
Things F/oat,
page 1 38).

Go to www.ushorne-qulcklinks.com
for links to the following websites:

Webslte 1 An animated introduction
to the states of matter.

Webslte 2 Test yourself with interactive
questions on solids, liquids and gases.

Webslte 3 How particles behave in a
solid, a liquid and a gas

Webslte 4 Make slimy substances that
can’t decide if they’re solid or liquid.

Website S Try an online experiment
on changes of state.

Website 6 Learn more about the
.... properties of gases.

-- -

_

Cro ty. 930 737.
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CHANGES OF STATE

A
substance changes from one state of
matter, that is solid, liquid or gas, to

another, depending on its temperature and
pressure. When something changes state, heat
is produced or lost as the energy of its particles
is increased or decreased. Different substances
change state at different temperatures.

When a solid is heated, its temperature
rises and its particles gain energy until
it reaches its melting point. The
particles now have enough energy to
break away from their neighbors so the
solid melts.

Further heat causes the temperature of the
liquid to rise until it reaches its boiling point
and the particles break free of each other
completely. The liquid becomes a gas.

Some substances, for example carbon dioxide, change
from gas to solid, or solid to gas, without passing
through a liquid form. This is called sublimation.

The temperature at which a substance melts or boils
changes if it contains traces of any other substances.
For instance, ice (the solid form of water) melts at 0°C.
Adding salt to the ice lowers its melting point.

GEYSERS

Geysers are jets of boiling hot
water and steam that shoot out
from the Earth’s crust.

As the water turns to steam,
the pressure builds up in the
channels between the rocks.
The geyser then erupts,
shooting a jet of steam and
water high up into the air.

Ice cream
melts and

becomes
a liquid in

the heat of
the Sun.

MELTING AND BOILING

The heat from a flame
melts candle wax, but the
wax sets as it drips away
from the flame and cools.

This popsicle
melts at a lower
temperature than
pure water ice
because orange
iuice has been
added to it.

When steam
cools down,
it turns back
into water.

They occur when water under
the ground is heated by hot
rocks and begins to boil.

How geysers occur

Water flows into
cavities between
the rocks under
the ground.

Pressure builds as
the water heats and
expands. Eventually,
it turns to steam.

The pressure builds
until boiling water and
steam shoot out of a
crack in the ground.

18



CON DENSATION PRESSURE SOLID LIQUID OR GAS?

When a gas cools down enough,
it condenses, becoming a
liquid. This is because as it cools
down, its particles lose energy
and are unable to stay as far
away from each other.

Condensation

Water vapor in the air in a room
condenses on a cold window.
Droplets of water are formed on
the inside of the window.

4

Indoors

Warm
air

Condensation forms

FREEZING

When a liquid cools enough, it
sets or freezes, becoming a
solid, Its particles lose further
energy and are unable to
overcome the attraction
between each other.

Air pressure has an effect on the
melting or boiling point of a
substance. The air naturally
presses down on the Earth with
a force called atmospheric
pressure. At sea level, this is
described as one atmosphere,
or standard pressure.

_______

Higher up, the atmospheric
pressure is less. It is easier for
the particles in liquids to escape
into the air, so their boiling
points are lower.

WATERLESS PLANET

The surface of Mars is dry.
Scientists think that this is
because the atmospheric
pressure is very low, so any
water immediately boils away.

Whether something is classified
as a solid, liquid or gas
depends on its
state at room
temperature
(20°C).

Mercury melts
at -40CC. It is a
liquid at room
temperature.

—

See for yourself

Fill a metal container with ice
cubes. Stand it in a warm place
and leave it for a few minutes.
Then look at the container. You
will see drops of water on the
outside of it.

Water molecules in the warm
air lose energy and slow down
when they are cooled by the
ice. They stick
to each other,
forming water
droplets.

Droplets of
water on
the side of
the can

At sea level, pure water
boils at 100°C.

‘5
—,,...—

Chlorine boils at
-35°C so is a gas at
room temperature.

At the top of Mount Everest I
(29,046ft above sea level),
where the pressure is less
than one atmosphere, pure
water boils at 71°C.When tiny droplets of water in

the atmosphere freeze, they
sometimes join together in
beautiful patterns of
crystals and form
snowflakes
like these.

-

Internet links

Mars is covered
by a dry,
reddish
dust.

Go to www.usborne.quicklinks.com
for links to the following websites:

Webslte 1 Animations and a quiz
about the changes of state.

Website 2 Find detailed information
and pictures of snowflakes.

Webslte 3 Pictures of geysers.

Website 4 Try a simple experiment to
see how salt melts ice.

Website 5 See how elements change
phase (state) at different temperatures.

I



HOW LIQUIDS BEHAVE

Aliquid has a definite volume but it flows and
changes shape to fill its container. The particles

in a liquid are fairly close together, but have more
energy than the particles in a solid, so are free to
move about (see The Kinetic Theory, page 1 6).

EVAPORATION

Some of the molecules on the
surface of a liquid have more
energy than others, and they
escape, or evaporate, into the
air. Liquids are evaporating all
the time, even when they are
not being heated.

These particles
have enough
energy to
escape, or
evaporate, from
the surface of
the liquid to
form a vapor.

RATE OF EVAPORATION

The rate of evaporation
increases with any one or a
combination of the following:

an increase in temperature.

• a decrease in pressure. For
instance, water evaporates
more quickly at the top of
Mount Everest, where the
atmospheric pressure is less,
than it does at sea level.

• the immediate removal of the
vapor from above the liquid by
a flow of air. This is why
laundry hung out to dry on a
windy day dries more quickly
than on a still day.

• an increase in surface area.
For instance, a spilled drink will
evaporate or dry up more
quickly than the same
drink in a glass.

COOLING DOWN

When a liquid is evaporating,
its temperature falls because
the average energy of the
molecules that are left in
the liquid has fallen.

C)

C)
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I
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SURFACE TENSION

The molecules in a liquid are
attracted by all the other liquid
molecules around them. The
ones on the surface, though,
are not pulled upward because
there are no liquid molecules
above them. They are more
attracted to the other liquid
molecules than to the air.

As a result of surface tension,
a liquid’s surface is like a
stretchy skin, strong enough
to support very light objects,
such as dust or even insects.

COHESION

Cohesion happens when
molecules of one substance are
more attracted to each other
than to a substance they are
touching. Surface tension is an
example of this. Molecules at
the water’s surface try to stay
together rather than move
toward the air above.

See for yourself

To see how surface tension can
support certain objects, try this
quick activity.

sill a container
with water.
Put a needle
on a small
piece of tissue
paper and lay
it gently on
the water.

The tissue
soon becomes
waterlogged
and sinks, but
the needle
stays afloat,
supported by
surface tension.

Look closely and you will
see that the needle actually
dents the water’s surface.

The drips on
these leaves
form because
surface tension
pulls molecules
of rainwater
together. 6

STRETCHY SKIN

This sideways and downward
attraction at the surface creates
a force called surface
tension. It makes
a liquid seem to
have a “skin”.

Pond skaters can walk on the surface
of water as they are not heavy enough
to break the skin-like surface tension.

Molecules at the surface are attracted
to each other, and to those below
them. This creates surface tension.

Internet links

ADHESION

When molecules of a liquid are
more attracted to a substance
they are touching than to each
other, adhesion occurs. The
liquid adheres (sticks) to the
other substance. Water does
this when it touches the sides
of a glass.

Water forms into droplets because
surface tension pulls inward from all
sides, keeping the molecules together.

Go to www.usborne-qulckllnks.com
for links to the following websites:

Webslte 1 Find out how to create
giant bubbles.

Webslte 2 Investigate the power of
soap, and do some experiments with
surface tension.

Webslte 3 Discover if hot and cold
liquids mix.

Webslte 4 Easy.to-read information
about liquids.
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HOW GASES BEHAVE

A
gas is a substance that has no definite
volume or shape. Its particles have

enough energy to spread far apart from
each other and fill the space available.

ih DIFFUSION

The molecules in a gas have enough energy to
break free of the forces between them (see The
Kinetic Theory, page 1 6). They spread out to fill
the available space. This is called diffusion.

During diffusion, molecules move from an area
where they are in higher concentration to one
where their concentration is lower. Diffusion
stops when the molecules are evenly distributed.

The set-up below shows how
two gases mix by diffusion. A
jar of air is turned upside down
on top of a jar of bromine,
which is heavier than air.

After fifteen minutes, the air
and bromine in the jars become
mixed by diffusion as their
molecules spread through the
two jars.

:::. s,_,.,

LE

Smells, such as
the scent of
flowers, are
gases that
travel through

•

_______ ______

Molecules of a Molecules of a
light gas heavy gas

G

Molecules of these two gases diffuse
together over time. Light gases diffuse
faster than heavy ones.

-
4

This scientist is taking
samples of gases emerging
from holes in the side of a
volcano. Some of the
gases are harmful, so the
scientist has to wear a
breathing mask.

Air

Bromine
gas

•

Gases
mixed by
diffusion

*



Gases exert a push on things
that they are contained in. This
push, called pressure, is felt in
all directions. It is the rate at
which molecules in a gas hit
the sides of its container.

Any change in pressure,
temperature, or the container’s
volume will cause a change in
the molecules’ behavior.

If the volume of a gas at
a constant temperature is
decreased, for example by
reducing the size of its
container, the pressure of
the gas increases. This is
because the gas molecules
hit the walls of the container
more frequently.

When heated, the molecules
in a gas gain energy, move
around faster and become even
further apart — the gas expands
and becomes less dense. This
is why hot-air balloons float —

the air inside them is less dense
than the air around them.

If a gas is heated but is not
allowed to expand, then its
pressure increases. This is
because the molecules in
the gas gain energy, move
around more quickly and hit
the walls of the container
more frequently.

- Gas at constant
temperature,
pressure and volume

See for yourself

Next time you use a balloon
pump, see how it uses pressure
to fill the balloon with air.

2. Air shoots out of the nozzle,
into the balloon.

3. A valve in the pump
prevents air from being sucked

out of thejalIoon.

4. Pressure inside the balloon
increases so it stretches and
expands. Its volume increases.

PRESSURE, TEMPERATURE AND VOLUME

Thermometer, to
measure temperature.

Pressure of
d and air

of gas

Balloons stretch as air
spreads out to fill them.

Temperature is the same
1. When you pump the handle,

e volume of the pump’s
hamber is decreased so th

Pressure increased
essure inside it is increase

Chamber

to reduce size of
container.

j Volume decreases,
pressure increases.

Temperature increased.

before.

-

Pressure kept
the same as

Volume increases
until pressures
are equal.

Pressure increased,
to keep volume
same as before.

Pressure increases.

*

Under the ground, volcanic
gases become extremely hot.

q The pressure builds and
- builds untI they shoot

I out of cracks and holes
in the ground.

4
.._. ‘.

Internet links

Go to www.usborne.qulckllnks.co
for links to the following websites:

Website 1 Investigate how gases
behave, with facts and a quiz.

Website 2 Watch animations that
explain gas pressure and diffusion.

Webslte 3 Investigate air pressure with
facts, experiments and online activities.

Webslte 4 Some gas experiments to
try at home.

Website S Discover how gas is
involved in making a refrigerator work.

-I.
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GROUPING ELEMENTS

So far, 115 elements have been
discovered, but only 90 occur
naturally on Earth. Elements
can be sorted into metals, non-
metals and semi-metals and
arranged in a table, called the
periodic table, which is shown
on pages 28-29.

Sulfur is one of the 90 elements
that occur naturally on Earth. It is
a non-metal. Its molecules, as
shown in this diagram, form
irregular ring shapes consisting
of eight sulfur atoms.

.

Sulfur atom

METAL ELEMENTS

Over three-quarters of all the
elements are metals. Most of
the metal elements are dense
and shiny. They have many uses
as they are strong, but can be
easily shaped. They are also
good conductors of heat and
electricity. Metals are usually

found combined with other
elements in the Earth’s
crust (see pages 26-27).

Here, aluminum is rolled into a long, thin
sheet. It can be re-shaped easily without
breaking because its atoms, which are
closely packed, slide over each other.

THE ELEMENTS
An element is a substance that contains only

one kind of atom — the tiny particles of which
all substances are made. For example, sulfur,
helium and iron are elements: they contain only
sulfur, helium or iron atoms and they cannot be
broken down into simpler substances.

Sulfur
molecules

F”.

0

The Space Shuttle relies
on burning elements to
blast it into space. It
burns the non-metal
hydrogen (stored in the
red-brown colored
external fuel tank) and
powdered aluminum
metal (stored in the two
white rockets).

These chocolate
eggs are wrapped
in thin aluminum
foil to keep them
fresh. Aluminum is



See for yourself

Finding out how well a
substance conducts heat can
help to identify whether it is a
metal or a non-metal. Try the
experiment below.

You will need several long
objects such as a metal spoon,
a wooden spoon and a plastic
ruler. Put a smear of cold
butter near the end of
each object.

Place the objects
in a mug filled
with warm water.]

Semi-metals, also called
metalloids, can act as poor
conductors, just like non-
metals. They can also be
made to conduct well, like
metals. Because of this, semi-
metal elements are called
semiconductors. There are
nine semi-metals (see list,
right). They are all solids
at room temperature.

As the heat travels up the
object, it melts the butter. You
should find that the butter
melts ‘the metal things first,
because metals are better
conductors of heat than non-
metals. Eventually, the warmth
of the rising air melts the
butter on all the objects.

Silicon is used to make integrated
circuits* such as this one. Microscopic
pathways in the circuit conduct and
block electrical pulses.

Go to www.usborne.qukkllnks.com
for links to the following websites:

Webslte 1 Discover elements with
activities and a quiz.

Webslte 2 Fun games to help you learn
about the elements and their symbols.

Webslte 3 Illustrated element facts.

Webslte 4 Watch animated tutorials
about metals and non-metals, test your
knowledge with online quizzes.

Webslte 5 Explore the properties of
common elements and other materials.

Webslte 6 An online lesson about the
elements.

NON-METALS

There are 1 6 naturally occurring
non-metal elements. All (apart
from graphite, a form of carbon)
are insulators — poor conductors
of heat and electricity.

At room temperature, four non-
metals (phosphorus, carbon,
sulfur and iodine) are solids,
and bromine is a liquid. The
other 11 non-metals are gases.

( Non-metals

Hydrogen
Helium
Carbon
Nitrogen
Oxygen
Fluorine
Neon
Phosphorus

Sulfur
Chlorine
Argon
Bromine
Krypton
Iodine
Xenon
Radon

SEM I-M ETALS

Semi-metals

Boron
Silicon
Germanium
Arsenic
Selenium

Antimony
Tellurium
Polonium
Astatine

ne semi-metal
germanium is used
to make transistors*
like this one. They
are used in radios.

Internet links
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ELEMENTS IN THE EARTH
T he outermost layer of the Earth is called the crust. Most of it

is made of only five elements. It is rare for these elements to
occur alone, though some, like gold, do. More often they are
found together as combined substances called compounds.
The pure and combined elements found in the crust are called
minerals. Minerals that contain metals are called ores.

Some minerals, such
as this chalcedony,
can be polished to
make beautiful
decorative objects.

COMMON ELEMENTS

Oxygen is the most common
element in the Earth’s crust. It
often occurs combined with
silicon, the second most
common element, and with
aluminum and iron, the
most common metals.

This pie chart shows the proportions,
by mass, of the five main elements in
the Earth’s crust.

MINERAL FORMATION

Most minerals are formed when
hot magma (molten rock that
contains dissolved gases) pushes
up from deep below the Earth’s
crust, cools and solidifies.

The conditions in the place where
magma cools determine which
type of mineral forms. Geometric
shapes called crystals form
when minerals cool slowly. The
cooling process can be so quick,
though, that the mineral has no
time to crystallize. A kind of shiny
black glass, called obsidian,
forms in these conditions.

Molten magma is less dense than the
surrounding crust. It rises up through
cracks and cools to form minerals.

Magma
cools on
surface

A LCracksin
Earth’s
crust



MINERAL GROUPS

Minerals are divided into groups
according to the elements which
make them up. Minerals made of
a single element
are called
native
elements.

Pure sHyer on a
piece of rock

Carbonates are minerals that
contain elements combined with

Halides are a group of minerals
which contain halogen* elements.

&
Sulfides are a group of
minerals that contain elements
combined with sulfur.

See for yourself

Rocks are made up of a
mixture of minerals. If you look
at a rock with a magnifying
glass, you can sometimes see
the different minerals in it.

Magnified piece of granite

Potassium
feldspar

Quartz

Biotite
mica

Plagioclase
feldspar

Phosphates are minerals
formed when phosphorus reacts
with oxygen and other elements.

Turquoise is a
semi.precious
mineral which
is a phosphate
of aluminum
and copper.

Many elements combine with
oxygen in the crust to form
the group of minerals
called oxides.

Hematite is a red
iron oxide used to
produce iron. It is
also called
“kidney-stone”
because of its
shape.

There are a number of other
mineral groups containing
oxygen. These all have names
ending in “ate”. The first part of
their names (see below) show
the other elements involved.

Mineral group Element

carbon and oxygen.
They are the most
abundant
minerals after
the silicates.

Smithsonite
is zinc
carbonate.

This rock
contains specks
of pure gold.

Malachite
is copper
carbonate.
It is often
polished
and used in
jewelry.

Rock salt (halite)
is formed when
salt water
evaporates.

Diamonds are
crystals of pure
carbon. fvlost are
lound in a rock
called kimberlite,
which forms
under great heat
and pressure.

Silicates, which contain
silica (silicon combined with
oxygen), are the largest group,
making up 92% of minerals in
the crust.

Beryl is
a silicate
made up of
the elements
silicon, oxygen,
aluminum and
beryllium.

Sphalerite is
made of zinc
and sulfur.
Most of the
world’s zinc
is mined
from this
mineral.

Arsenates
Borates
Chromates
Molybdates
Nitrates
Sulfates
Tungstates
Vanadates

Arsenic .

Boron
Chrorr -

Molybdent
Nitrogen
Sulfur
Tungsten
Vanadium

—

Internet links

I Go to www.usborne.qukkllnks.com
for links to the following websites:

Website 1 Explore an online guide to
minerals with a fun test.yourself quiz.

c..

Webslte 2 An A—Z guide to the Earth’s
minerals.

Website 3 Find Out how to identify
minerals, or grow your own crystals.

Website 4 Pictures and facts about
minerals.

Website 5 Lots of information on rocks
and minerals, with questions to test your
knowledge.



READING THE TABLE

The table is arranged into rows
and columns. Looking at the
table you will see that it has
numbered rows (called periods)
and columns (groups).

PERIODS

Each period is numbered, from
1—7. The atoms of all the
elements in one period have
the same number of shells,
which contain electrons. For
example, elements in period 2
have two shells and those in
period 3 have three.

Moving from left to right across
a period, each successive
element has one more electron
in the outer shell of its atoms.
This leads to a fairly regular
pattern of change in the
chemical behavior of the
elements across a period.

GROUPS

Each group has a Roman
numeral, from 1-VIlI. Elements in
the same group have the same
number of electrons in their
outer shell. This means that,
chemically, they behave in
similar ways.

II
4

Be
RerylliunS

9.0
—

12

Mg

THE PERIODIC TABLE
T

he periodic table is an arrangement of the
elements placed in order of increasing atomic

number (the number of protons in the nucleus).
Each element is represented by a box containing its
chemical symbol, atomic number and relative atomic
mass (see far right). Some versions, such as the one
shown here, also give the elements’ names. New
elements are added when they are discovered.

1 Hydrogen is the
Period , lightest element. It has
number —1 an atomic number of

HydrOgen 1. It is not a metal so
.o it is placed separately.

Structure of an atom

Electron

Proton

Neutron

Nucleus

Shell

Group
number I

3

Li
Lirlriu err

6.9

11

Na

23.0

Key

Each element has a separate box
in the periodic table containing
the Information below.

number
Chemical

• symbol

• Name
Relative atomic
mass

2

3

4

5

6

7

21 - —- -- - —n
K Ca Sc Ti V Cr Mn Fe Co

Potassu,nt Cagians [Snanrironi ‘fltniaen Vanadnam Chrooriani Manq.trrere I iron cosrit

39.1 40.1 43.0 47.9 50.9 52.0 34.9 55.9 58.9
— — — — — — — — —

37 38 39 40 41 42 43 44
V

45

Rb Sr Y Zr Nb Mo Tc Ru Rh
Ruhrdnanj •snrnnuo4 Virtue, Zirnortoam Nbn,m eocriea srtreroam

85.3 87.6
V

88.9 91.2 92.9 95.9 (98) 101.1 102.9
— — — — — — — — —

55 56 71 72 73 74 75 76 77

Cs Ba Lu Hf Ta W Re Os Ir
Cesium I Barnum Lutetium Hafnium Tantalum V Tungsten Rhennamj Osmium fIIid4san

132.9 137.3 175.0 178.5 181.0 183.8 186.2 190.2 192.2

- - ir , 107

Fr Ra Lr Rf Db Sg Bli Hs Mt
.Fnncsarfll Raduim Luir’e’,.n, Rusher. Dobnuom Bofotum Hausrurn II.iIneeAaI

(223) (226) (262) (261) (262) (266) (264) (269) (268)

The relative atomic masses for unstable,
radioactive* elements are shown in brackets.

The elements
with atomic
numbers 57-70
belong to
period 6.

The elements
with atomic
numbers 89-102
belong to
period 7.

57 58 59 ‘ 60 61 62 63

La Ce Pr Nd Pm Sm Eu
Laelm Cerruser ieodyncu4 ifonseelrinlj Sarnanam Ilseopsue.

138.9 140.1 140.9 144.2 150.4 152.0

- 89 90 91 92 93 94 95

Ac Th Pa U Np Pu Am,
Actinium Thorium knt,otrnrum Uranium Neptunium Plutonium1 Msedcium

(227) 232.0 231.0 238.0 (237) (244) (243)

Rudioocluoty. 114.) IS,
28



SIMILAR BEHAVIOR RELATIVE ATOMIC MASS

29

On this periodic table, all
elements that behave more-or-
less in similar ways have the
same colored background. The
color-coding is explained here.

Non-metals
Mostly solid or gas, and non-shiny.
Melt and boil at low temperatures.

Semi-metals
Also called metalloids, these have a
mixture of the properties of metals
and non-metals.

ill IV

Metals
All are solid (except mercury, a
liquid). Generally, they are shiny
and have high melting points.

Transition metals are mostly
hard and tough. Many are used
in industry or jewelry.

Inner-transition metals are
rare and tend to react easily with
other elements, which makes them
difficult to use in their natural state.

VIII
2

He
LHH

V VI VII
-- -g-- —-- —i- --

B C N, 0 F Ne
Boron Ion I N,t,ogon 101 IeI Noon

10.8 12. 14,0 16.0 19.0 20.2
— — -

Transition metals

13 14 15 16 17 18

Al Si P, S CI Ar
M,non Sinoon

,

27.0 28.1 31.0 32.1 33.5 39.9

Relative atomic mass is the
average mass number of the
atoms in a sample of an element.
(The mass number is the total
number of protons and neutrons
in a nucleus.) Moving through
the periodic table, elements are
progressively heavier. For
example, hydrogen (relative
atomic mass: 1) is the lightest
element. Ruthenium (101.1) is
over a hundred times heavier.

GROUPS WITH NAMES

Some of the groups in the
periodic table have names. For
example, the metals in group I
are all alkali metals and group II
are alkaline earth metals. The
elements in group VII are
halogens and group VIII
(sometimes called group 0)
are called noble gases.

DIFFERENT VERSION

An alternative version of the
periodic table shows it split into
1 8 groups rather than eight.
This is achieved by treating
each column in the transition
metals section of the table as a
separate group, numbered from
3-12. In this version, all groups
are referred to by ordinary
numbers, not Roman numerals.

Internet links

— — — — - — — —
28 29 30 31 32 33 34 35 36

Ni Cu Zn Ga Ge As Se Br Kr
NokOl Coppo Zno Glron, Gernrnrr,or,, Ar,,rrA Sn)err,or,r [eoonrneI IvonI
58.7 63.5 65.4 69.7 72.6 74.9 79.0 79.9 83.8— p — — — — — — —
46 47 48 49 50 51 52 53 54

Pd Ag Cd In Sn Sb Te I Xe
r.8.drmI J Cdn,ion. ,dn,no lSn ArrSnrnry Tellorono [ lOd I L xenon

106.4 107.9 112.4 114.8 118.7 121.8 1276 126.9 131.3— — — — —
78 79 80 81 82 8T 84 85 86

Pt Au Hg TI Pb Bi Po At Rn
Plornon. f Gold Me,or,ry ThOlirorn nod Br,n,oth Po[ornorB Arr,,Ir’ f Rnon

195.1 197.0 200.6 204.4 207.2 209.0 (209) (210) (222)
— — — — — — —

110 111 112 114 116 118

Ds Rg Uub Uuq Uuh UuoHeni ----

-

(269) (272) (277) (285) (289) (293)

Inner-transition metals

64 65 66 67 68 69 70

Gd Tb, Dy Ho Er Tm Yb
GodoAno,m Tn.bkn.n Dy.peoonn. HO.eoun, Emin.n Thh,n, Ynte,biom

157.2 158.9 162.5 164.9 167.3 168.9 173.0

96 97 98 99 100 101 102

Cm Bk Cf Es Fm Md No
Cono.n Ied,eliom Cohlonriono ote.niom Fe,ero,e, dre,nB Nobojun.

(247) (247) ‘ (251) (252) (257) (258) (259)

Elements 57-70 are
called the lanthanides
or rare earths.

Elements 89-102 are
called the actinides
or radioactive rare
earths.

Go to www.usborne-qulckllnks.com
for links to the following websites:

Webslte 1 An animated, interactive
periodic table with sound.

Webslte 2 rind out about the periodic
table’s origins.

Webslte 3 Play a game about the
periodic table.
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Most
reactive

Potassium

Sodium

Calcium

Magnesium

Aluminum

Zinc

Iron

Tin

Lead

Copper

Silver

Gold

Platinum
Least

reactive



Internet links

Go to www.usborne-qulcklinks.com
for links to the following websites:

Webslte 1 Investigate fireworks, then
play a fireworks game and try a quiz.

Webslte 2 Explore the properties of
metals and non-metals then try online
reaction experiments.

Webslte 3 Test the properties of
metals in a virtual lab.

Website 4 Basic facts about common
metals.



GROUPS OF METALS

M etals can be grouped according to their chemical
properties and the way they behave. There are

five main groups of metals, called noble metals,
alkali metals, alkaline earth metals, poor metals
and transition metals. The noble metals
are also transition metals.

NOBLE METALS ALKALI METALS ALKALINE EARTH METALS

Noble metals are those that
can be found as pure metals,
not as part of compounds, in
the Earth’s crust. These metals
are copper, palladium, silver,
platinum and gold.

The noble metals are all
unreactive (see The Reactivity
Series, page 30). They do not
easily combine with other
elements to form compounds.

The alkaline earth metals are
six metals, including magnesium,
calcium and barium, that form
group II of the periodic table.
These metals are found in many
different minerals in the Earth’s
crust. For example, calcium is
found in calcite, which forms
veins in limestone and chalk.

Alkaline earth metals are not as
reactive as the alkali metals and
they are harder and have higher
melting points.

Magnesium is found in chlorophyll, the
green pigment needed by plants for
photosynthesis.

The copper
in this ore has

not reacted with
any other elements.

Copper is a noble metal.

The alkali metals are six very
reactive metals, including
sodium and potassium, that
form group I of the periodic
table. They have low melting
points — potassium melts at
64°C — and they are soft and
can be cut with a knife. They
form alkaline* solutions when
they react with water, which
is why they are called
alkali metals.

Because they are unreactive,
noble metals do not easily
corrode and they are used for
jewelry and coins. Gold is very
unreactive and ancient gold
objects are still shiny.

This ancient Greek
gold mask was
untarnished
when it was
found.

4
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The frame of this bike
is made mostly from
titanium, a very light
and extremely strong
transition metal.

See for yourself

Many tooth fillings are made using mercury, a
transition metal. A mercury-based filling (called
dental amalgam) is inexpensive, hard wearing
and easy for dentists to press into shape. Fillings
made with mercury are a dull, light gray color.

You might also notice that some people have
fillings or even an entire tooth made of a noble
metal, particularly gold. Gold is used as a filling
because it is harder wearing than a mercury filling,
so it will last longer. Entire teeth are made of gold
because they are practically unbreakable.

TRANSITION METALS

The transition metals can be regarded
as typical metals. They are strong,

hard and shiny and have high
melting points. They are less

reactive than the alkali and
alkaline earth metals.

Iron, gold, silver,
chromium, nickel
and copper are all
transition metals.
They are easy to
shape and have
many different

industrial uses, both
on their own and as

alloys (see next page).

POOR METALS

The poor metals are a group of
nine metals: aluminum, gallium,
indium, tin, antimony, thallium, lead,
bismuth and polonium. They are
grouped to the right of the transition
metals in the periodic table.

Poor metals are, in general, quite
soft, and are not much use on their
own. Many are used to make more
useful substances, though.

Aluminum is one of the least dense
metals. Lead, on the other hand, is
very dense and is used in hospitals as
a barrier against radiation and X-rays.

Internet links

Go to www.usborne.quicklinks.com for links to the following
websites:

Webslte 1 Groups of metals in the periodic table and information
about their properties.

Website 2 Investigate alkali and transition metals online.

Website 3 Take a virtual tour of an Australian gold and copper
mine and see how o’e deposits are located, mined and processed,
and how the land is rehabilitated once mining is finished.

Webslte 4 General information about copper, including its
history, uses and how it’s mined and treated.

33
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Internet links

Go to www.usborne-qukkllnks.com
for inks to the following websites:

Website 1 Take a tour of metals and
minerals found around the home.

Website 2 Find out about the many
uses of copper and copper alloys around
the home.

Website 3 See how shape memory
alloys (SMA5) work and find out what
they can be used for.

Website 4 Watch an animated
presentation about the benefits of
stainless steel.

Website S A short presentation
on alloys.



ELEMENT OR ALLOY?

Iron is an element which
is extracted mostly from
an ore called hematite,
a compound of iron and
oxygen. Steel is an alloy
(that is, a mixture) of iron,
carbon and traces of
other metals.

MAKING IRON

Iron is extracted from iron ore
in a blast furnace. In the
furnace, iron ore, limestone and
coke (coal heated to burn off
oils and leave carbon) are
blasted with very hot air. This
process is called smelting. The
carbon combines with oxygen
to form carbon monoxide.
The carbon monoxide then
becomes carbon dioxide by
pulling the oxygen away from
the iron ore. This is an example
of a reduction* reaction.

The iron extracted from iron
ore contains some left-over
carbon (about 4%) from the
smelting process, plus other
impurities such as sulfur.
Called pig Iron, it is used to
make cast iron, or refined
further to make steel.

IRON AND STEEL
N early all iron mined from the Earth is found as

an ore (that is, combined with another
substance). Most of it is made into steel, which
is used to make many useful things, ranging from
paper Clips and tools to frames for giant buildings.

The smelting process

1. Iron ore, coke and limestone are
fed into the blast furnace. The
limestone reacts with the impurities
in the ore to produce waste that is
called slag.

2. Hot air is blasted into the
furnace. It reacts with the carbon
to form carbon monoxide. This
reaction raises the temperature to
about 3,600°F. Then the carbon
monoxide reacts with the oxygen
in the ore leaving the metal free.

3. Molten iron is tapped off here.

4. Molten slag runs out near the
bottom of the furnace. This is
used in road making.

The furnace
is 1 OOft tall.

ji

I

The blast
furnace is
kept alight
for years
until the
lining of
the walls
starts to
disintegrate.

Magnetite and
hematite are the two
most common iron ores.

The steel frame of this unfinished
building will eventually be covered

with concrete panels, to create
I a huge office block like those in

the background.
II —
I.
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See for yourself

Look out for iron and steel objects around
your home. You can test to see if an object
really is made of iron or steel (and not some
other metal) by holding a magnet near it. If
the object contains iron or steel, it will be
attracted to the magnet.

Here are a few examples of things that you
may have around your home, which you
could test for their iron content.

Metal door handles
Hinges
Knives and forks
Garden gate
Washing machine
Bath
Bike parts
Food mixer
Eyeglasses
Belt buckles
Faucets
Radiators

Webslte 3 Take an interactive look at
steel processing and manufacturing.

Webslte 4 Learn about the properties
of steel and how rail tracks are made.

Webslte S Process some iron ore to
make new materials in an online activity.

MAKING STEEL

Steel is made of iron that has been through a blast
furnace, with other elements added to make it stronger.
To make steel, molten iron is blasted with oxygen,
removing more carbon. The oxygen combines with
carbon in the iron to form the gas carbon monoxide,
which is collected and used as fuel. At the end, the steel
may contain as little as 0.04% carbon, although different
grades of steel contain different amounts.

To convert iron L.
steel, molten iron
is poured into a
furnace called a
converter.

A high-pressure jet of Steel is also made by
almost pure oxygen melting down scrap
is blasted into the steel in an electric
converter. The oxygen arc furnace. The
combines with the metal is melted by
carbon, forming a powerful current
carbon monoxide. of electricity.

CAUTION
Do not put a magnet
near computers,
television sets or
watches. You could
damage them.

The type
of steel used
for tools
contains up to
1% carbon. This
steel is very rigid but
brittle. Chromium
and vanadium are
added to make the
tools strong.

Steel that is used in
construction, like the
frame shown here, is
painted to protect it
from rusting before
it is covered over
by the rest of the
building. A rusting
frame would be
dangerously weak.

Steel paper clips
contain about 0.08%
carbon. This makes
them bendable. )
Those shown here
are plastic coated l

tomake!1em__,’
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-r Internet links

Go to www.usborne.qulckllnks.com

! for links to the following websites:

Webslte 1 See an animated blast
! furnace and find out how it works.

Webslte 2 Diagrams and information
about making iron and steel. I



MAIN METALS AND ALLOYS
T

here are 65 metals that naturally exist on Earth.
Of these, just 20 are used, on their own or as

part of an alloy, to produce nearly all manufactured,
metal-based things. You can find out about those
metals here, plus the five most common alloys,
and see examples of how some of them are used.

Aluminum
A very light, silvery-white metal
that is resistant to corrosion. It
is extracted from its ore, bauxite,
by electrolysis*. Aluminum is
used in overhead electric cables,
aircraft, ships, cars, drink cans
and kitchen foil.

Brass
An alloy of copper and zinc.
It is easy to shape and is used
for decorative ornaments,
musical instruments,
screws and tacks.

Bronze
An alloy of copper and tin
known since ancient times. It
resists corrosion and is easy to
shape. Coins made of bronze
are used as low-value currency
in many countries.

Calcium
A malleable, silvery-white metal
found in limestone and chalk.
It also occurs in animal bones
and teeth. It is used to make
cement and high-grade steel.

Chromium
A hard, gray metal used to make
stainless steel and for plating
other metals to protect them or
give them a shiny, reflective finish.

Copper
A malleable, reddish metal used
to make electrical wires, hot
water tanks and the alloys
brass, bronze and cupronickel.

Cupronickel
An alloy made from copper
and nickel from which most
silver-colored coins are made.

Gold
A soft, unreactive, bright
yellow element that is used
for jewelry and in electronics.

Iron
A malleable, gray-white
magnetic metal extracted
mainly from the ore hematite
by smelting in a blast furnace.
It is used in building and
engineering, and to make
the alloy steel.

Lead
A heavy, malleable, poisonous
blue-white metal extracted
from the mineral galena and
used in batteries, roofing and
as a shield against radiation
from X-rays.

Magnesium
A light, silvery-white metal
that burns with a bright white
flame. It is used in rescue
flares and fireworks and in
lightweight alloys.

Mercury
A heavy, silvery-white,
poisonous liquid metal
used in thermometers,
dental amalgam
for filling teeth,
and in some
explosives.

Platinum
A malleable, silvery-white
unreactive metal used for
making jewelry, in
electronics and as a catalyst*.

Plutonium
A radioactive metal produced
by bombarding uranium (see
opposite) in nuclear reactors
and used in nuclear weapons.

Potassium
A light, silvery, highly
reactive metal.
Potassium
compounds are
used in chemical
fertilizers and to
make glass.

Three million
aluminum
fasteners hold
this jet’s body
together.

This French horn is
made of brass, an alloy.

w
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Silver
A malleable, gray-white metal
that is a very good conductor
of heat and electricity. It is used
for making jewelry, silverware
and photographic film.

Sodium
A very reactive, soft, silvery-
white metal that occurs in
common salt and is used in
street lamps and in the
chemical industry.

Solder
An alloy of tin and lead that has
a low melting point and is used
for joining wires in electronics.

Steel
An alloy of iron and carbon that
is one of the most important
materials in industry. Stainless
steel, an alloy of steel and
chromium, resists corrosion and
is used in aerospace industries.

Tin
A soft, malleable, silvery-white
metal. It is used for tin-plating
steel to stop it from corroding,
and in the alloys bronze,
pewter and solder.

Titanium
A strong, white, malleable
metal. It is very resistant to
corrosion and is used in alloys
for spacecraft, aircraft and
bicycle frames.

Tungsten
A hard, gray-white metal. It
is used for lamp filaments, in
electronics, and in steel alloys
for making sharp-edged
cutting tools.

Uranium
A silvery-white, radioactive
metal used as a source of
nuclear energy and also in
nuclear weapons.

Vanadium
A hard, white, poisonous metal
used to increase the strength
and hardness of steel alloys. A
vanadium compound is used
as a catalyst* for making
sulfuric acid.

Zinc
A blue-white metal extracted
from the mineral zinc
blende (sphalerite). It is
used as a coating on iron
to prevent rusting
(called galvanizing).
It is also used in
certain electric
batteries and in
alloys such as
brass.

This Boeing 747 is built using a high.strength
alloy that contains mostly aluminum -. a very
light metal. The jet engines are made of
titanium, which is also light, but can easily
withstand the enormous temperatures that are
generated in the engines.

—

—
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InternetIink
Go to www.usborne.quIckllnks.com.—
for links to the following websites:

Webslte 1 Find information about the
main metals mined in Australia.

Webste 2 Discover the different
metals used in household oblects.

Webste 3 Find out more about gold,
copper, silver and iron.

Webslte 4 Detailed information about
aluminum.

9JI
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CORROSION

C
orrosion is the chemical reaction that takes place when
a metal is in contact with oxygen. The metal reacts with

the oxygen to form a compound called an oxide on
the surface of the metal. The metal becomes

tarnished — that is, it loses its shine. Metals
Steel armor used to be
rubbed with oil or beeswax
to stop it from rusting.

USING METALS THAT CORRODE

Iron (from which steel is made) corrodes

easily, but it is very strong and fairly easy

to form into different shapes. It is ideal for
building giant structures, such as

bridges, but it has to be
protected from corrosion,

normally by painting it.

high in the reactivity series* corrode more
quickly than less reactive metals.



EFFECTS OF CORROSION

When a metal corrodes, the surface becomes coated with a layer of
oxide. On some, such as aluminum, this layer clings to the metal and
protects it from further corrosion. On others this protective layer does
not form. On iron and steel, for example, a flaky layer of rust (iron
oxide) forms. This lifts away, allowing the metal beneath to corrode.

GALVANIZING

Galvanizing is a method of protecting steel by coating it with
zinc. Zinc is more reactive than steel so oxygen reacts with it rather
than the steel. Even if the layer of zinc is scratched, the oxygen in
the air continues to react with the zinc rather than the steel.

Ships and oil rigs are protected by attaching a block of zinc or
magnesium to them. This metal corrodes before the iron and is
called the sacrificial metal.

Aluminum immediately forms a layer
of oxide on its surface, It is an ideal
material for food trays, because it will
not corrode further.

Moving
parts, such
as these
gears, are
coated with a
layer of grease to stop
them from rusting.These steel drums were painted to

protect them from rusting, but even a
small scratch can let moisture under
the paint, and rusting begins.

Most modern cars are made from steel
that has been galvanized. This stops
them from rusting.





Internet links

Go to www.usborne-qulckllnks.com
for links to the following websites:

Webslte 1 Take a detailed look at the
history of metals.

Website 2 Find Out about different
metals used in the manufacture of coins.

Webslte 3 Examine ancient gold
4 artifacts and learn more about the

history of gold.

Webslte 4 An interactive timeline of tI
uses of copper.

Website 5 Take an online tour of
the “Iron Age” in Britain, around
2,800 years ago.





Internet links

Go to www.usborne.qulckflnks.com
for links to the following websites:

Webslte 1 Read a new theory
explaining how the Hindenburg airship
disaster might have happened.

Webslte 2 Discover fascinating facts
about hydrogen.

Webslte 3 Lots of facts about hydrogen
and fuel cells, with a fuel cell animation.

Webslte 4 Find Out how the world
might change if we used hydrogen
instead of fossil fuels and had a
“hydrogen-based” economy.

Website S Try a simple experiment to
show that water contains hydrogen and
oxygen.

Webslte 6 Read about cars that run on
-“--i, and find out more about how

work.



THE HALOGENS
The halogens are a group of five elements. They

are fluorine, chlorine, bromine, iodine and Halogen lamps

astatine They are all very reactive and poisonous contain compounds of
bromine that make them

and together form group 7 of the periodic table. shine really brightly.

On its own, chlorine is a poisonous
gas. It is very reactive and only occurs
naturally in compounds such as sodium
chloride (common salt). Chlorine is
used as a disinfectant and to make
hydrochloric acid and PVC
(polyvinylchloride) plastic.

Compounds of chlorine
have many uses.
Sodium hypochiorite,
for example, is used to
make household bleach,
and to bleach paper pulp
so that it turns white.

This huge salt flat in South — ..,.‘. :.
America contains sodium iodate. —.. .. ..,

4

This is collected and used to .. - .. -
. jj. . .•“

produce the halogen — -- ‘ —
iodine. ..--- - .._ _.
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FLUORINE

Fluorine is a poisonous
gas. It is extracted from the
mineral fluorite. Fluorides
(non-poisonous compounds
of fluorine) are added to
toothpaste and drinking
water to reduce tooth
decay.

CHLORINE

-

Toothpaste and
water containing
fluoride

Fluorine is also combined with carbon to make
useful compounds called fluorocarbons. An
example is PTFE (polytetrafluoroethene), which is
used as a non-stick coating on frying pans and skis.

This juggling
equipment is
made from pvc.

These skis have a
coating of PTFE on
their undersides.
This non-stick layer
helps them to slide
freely over snow
and ice.

Writing paper is
bleached using
sodium
hypochlorite, a
compound of
chlorine.



IODINE

Iodine is a purple-black solid, It is used
in medicine, photography and dyes, and
is produced in large quantities from
sodium iodate.

Traces of iodine are found in
foods, and without it the cells
in our bodies would not
be able to
convert food
into energy.
However, large
quantities of
iodine are
harmful.

ASTATINE

Astatine is an unstable,
radioactive element. It is the
heaviest of all halogens, but
hardly any of it is found in
nature. Scientists estimate
that only about loz of
astatine exists in the entire
Earth’s crust. They have been
able to create more than 20
different astatine isotopes*
during experiments, though.

gSeeforr

You can buy iodine solution
from a pharmacy and use it to
test for the presence of starch.
Drip some drops onto slices of
food, such as raw potato, apple
and a piece of bread. If starch
is present, the food will turn
blue-black very quickI

Iodine tastes unpleasant, so
make sure that you don’t get
any in your mouth.

Internet links ,

BROMINE

Bromine is a foul-smelling
brown liquid. Traces of
bromine are found in sea
water and mineral springs.
Compounds of bromine and
one other element are called
bromides. Silver bromide is
used in photographic film.
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Iodine is found
in seaweed, and
in vegetables
and fruit.

When light hits silver bromide on
photographic film, a reaction takes
place in different layers of the film,
creating various-colored patches.

Bromine compounds are
used to make rat poisons
and products that treat
wood for termite infestation.

This type of
dropper is
called a pipette.
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Go to www.usborne.qulckllnks.com
for links to the following websites:

Webslte 1 Try an activity that shows
how fluoride protects teeth.

Webslte 2 Find Out about chlorine
and its many uses, with lots of activities.

Webslte 3 The difference between
halogen and normal light bulbs.

Webslte 4 Find detailed information
about each halogen (F, cl, Br, I, and At).

1

Website 5 Test your knowledge of
the halogens.



CARBON
C arbon is a solid non-metallic element found in

all living things. it occurs as a free element (on
its own) mainly in the forms of hard, colorless
diamond and crumbly black graphite.

FORMS OF CARBON

Carbon atoms can bond* together in different
ways. These different forms are called
allotropes. They contain the same types of
atoms, but are bonded together in different
ways. Carbon has three main allotropes —

diamond, graphite and buckminsterfullerene.

DIAMOND

In diamond, each carbon atom is bonded
to four other atoms. This makes diamond
very hard — it is the hardest substance found
in nature. Diamond forms naturally as
tetrahedral (four-sided) crystals.

The large diamond in
this scepter is the Star
of Africa. It is about

22 in long and is
the largest cut

diamond ri the
world. The
scepter belongs
to the British
monarch.

Diamonds are
cut in such a
way that their
surfaces split up
light into the
colors of the
rainbow.

*

The crystal structure of a diamond
sparkles brilliantly, and diamonds are
valued for their beauty. They can be
several different colors. The purest
ones are transparent and are used to
make jewelry.

Bond,,,g. 68.69.
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DIAMOND VARIETIES

Impure varieties of diamond,
such as carbonado (also called
black diamond) are valued
in industry for their hardness.
They are used in cutting and
drilling equipment, as well as
in some very accurate watches.

Naturally occuring varieties of
diamonds are mined from the
Earth, but diamonds can also
be manufactured. These
synthetic diamonds are created
by mixing graphite with a
catalyst* and subjecting it to
great heat and pressure.

GRAPHITE

In graphite (sometimes called
plumbago), each atom of
carbon is bonded to three
other atoms, arranged in a
honeycomb-like network of
plates that easily slide over each
other. This makes graphite soft
and flaky. The plate network is
held together by weak forces.

The weak forces between the
plates give graphite a very
slippery structure. This makes
graphite a very good lubricant,
and it is used to reduce friction
between the moving parts of
machines. The weak forces also
mean it is a good conductor of
electricity so it is often used to
make electrodes*.

Pencil “leads” are in fact made
from powdered graphite mixed
with clay. Soft pencils contain
more graphite than hard ones.

Catalysts, 79; Electrodes, 82.

Buckmlnsterfullerene is an
allotrope of carbon discovered in
1985. Each molecule contains 60
carbon atoms linked in the shape
of a hollow ball. It is formed by
heating graphite in helium until it
vaporizes, and then letting it cool
and condense.

Buckminsterfullerene molecules
are sometimes called
buckyballs. Their atoms are
arranged in a pattern of
hexagons and pentagons
similar to that on soccer balls.

Due to their robust spherical
structure, buckyballs are really
strong — a hundred times
stronger than steel, but only

* a sixth of its weight.

Using a method similar to that
for making buckyballs, scientists
can also make tiny nanotubes.
They hope to use them to build
super-strong materials.

--

Nanotubes — made by vaporizing
graphite with a laser and adding a
metal catalyst*.

Take a look at your pencils, and
compare the darkness of the
lines that they make. A pencil
containing more graphite than
clay gives a darker, smudgier
line than one that has more
clay than graphite.

Letters and numbers printed
on the side of a pencil indicate
its graphite/clay content. A
number followed by a B (for
black) means that it has more
graphite than clay. A number
followed by an H (for hard)
means it has more clay than
graphite.

A medium pencil, one that
gives lines that are neither dark
nor light, has HB written on it.

This 4B pencil
/ / gives a soft,

/ r dark line. 9B is
/ r

the darkest.

/j

BUCKMINSTERFULLERENE See for yourse.

Carbor torn
in graphite

This 2H pencil
gives a light, gray
line. 9H is the lighte

Internet links
Go to www.usborne.qukkllnks.com
for links to the following websites:

Webslte 1 Find Out about carbon.

Webslte 2 Read about extraterrestrial
gases found in unusual carbon
molecules nicknamed “buckyballs”.

Webste 3 Lots of information about
diamonds.

Webslte 4 More fascinating facts
about diamonds.

Website 5 Find Out why carbon can
be both hard and soft.

Webslte 6 Information about
buckminsterfullerene.

I
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I P
CARBON

THE CARBON CYCLE

Most carbon atoms have
existed since the world began.
They circulate through animals,
plants and the air in a process
called the carbon cycle.

Plants use carbon dioxide to
make carbon compounds by
photosynthesis*. Animals eat
plants (or other animals) and
use the carbon compounds in
their bodies. Carbon dioxide
returns to the air when fuels
burn and living things decay,
and as a result of internal
respiration, which is the way
plants and animals break down
sugars to release energy.

CARBON COMPOUNDS CARBON FIBERS

I
Decay

Carbon atoms can bond with
up to four other atoms,
including other carbon atoms.
This allows carbon to combine
to form a vast number of
different compounds. There
are many more compounds
of carbon than of any other
element. All those compounds
of carbon that are found in
living things are called
organic compounds.

CARBON MIXTURES

There are three types of coal,
containing varying amounts of
carbon. Lignite, also called
brown coal, only has 60-70%
carbon. Bituminous coal, which
is shiny and black, has more than
80%. Anthracite has more than
90% carbon.

Charcoal is another impure form
of carbon. To make it, wood is
heated in an airtight space. This
removes the chemicals that
produce wood smoke, leaving
flaky black chunks of charcoal,
which burn cleanly when ignited.

The carbon
cycle

4
Photosynthesis

( arhon dioxide in the air

Internal
respiration

Decay

Plants

Silky threads of pure carbon,
called carbon fibers, are used
to reinforce plastics. This material
is used to make lightweight boats
and tennis racquets. A racing
bike made of carbon fiber is
eight times stronger than a steel
one, but many times lighter.

Like all living
things, both this

kingfisher and
the branch it is
I sitting on are

made from
compounds
of carbon.

Unlike diamond and graphite,
neither coal nor charcoal
have a regular structure.

Carbon can be found mixed with
other elements and compounds.
Coal, for example, is mainly
carbon, but contains hydrogen,
oxygen, nitrogen and sulfur.
It is a fossil fuel, that
is, a fuel formed over
millions of years
from the remains
of plants.

52
Photosynthesis, 264.



USING COAL AND CHARCOAL

Coal is an important fuel. Over
a third of the world’s electricity
is produced by power stations
that burn coal. Lignite is cheap
and plentiful, but produces a lot
of pollution. Bituminous coal
and anthracite are better since
they cause less air pollution.

A form of charcoal called
activated charcoal is used in
filters and gas masks to remove
poisonous fumes. It has
countless tiny holes in its
surface, which are ideal for
trapping fumes. It is made by
allowing charcoal to burn
briefly in oxygen at the end of
the charcoal-making process.

Charcoal is often used as a fuel
on grills, and can be
shaped into sticks to be used as
an artists’ drawing material.

• . next time you see coal
burning, try to imagine what
is happening to the molecules
that it is made of.

The heat gives the molecules
enough energy to break apart.
This gives off heat energy. As
the bonds break, atoms, such
as hydrogen, are freed from
the molecules. These liberated
atoms burn too, giving off
additional heat.

Power stations fuelled by coal can
produce an average of 600 megawatts
of electrical energy in an hour.

Charcoal burns without smoke.
This makes it art ideal heat source
for barbecue grills, because it
cooks things without
coating them
in soot.

Internet links

Go to www.usborne-quicklênks.com
for links to the following websites:

Website 1 Key facts about carbon.

Webslte 2 An animated presentation
and quiz about the carbon cycle.

Website 3 Watch an animated
movie about the formation of coal.

Websfte 4 Learn more about
coal mining with a virtual tour of a
mine shaft.

See for yourself

Webslte 5 Become a secret agent and
carry out interactive chemistry missions.



SULFUR

Iron pyrites, a
compound of
iron and sulfur

Sulfur molecules form in
crooked rings of eight
atoms, sometimes
referred to as crowns.
The rings can combine
together in different
ways to make two
distinct crystal
forms, known
as allotropes.

Most sulfur is
found in the form
of rhombic sulfur.

Rhombic
sulfur
crystal

The molecules fit
together closely in
rhombic sulfur.

Above 96°C, monoclinic
sulfur forms. Monoclinic
sulfur crystals are long, thin
and angular. They
look a little like
needles.

Monoclinic
sulfur crystal

The molecules
are less closely

\ packed than in
rhombic sulfur, so
it is less dense.

Sulfur becomes a
gas at 444°C.
The molecules
split apart and
float freely, as
shown here.

PRODUCING SULFUR

Most sulfur is obtained from
fossil fuels*. It is also extracted
from underground deposits by
melting it with pressurized
steam. This is called the
Frasch process.

One of the most important uses
of sulfur is in the manufacture
of sulfuric acid, which is
used to make fertilizers, plastics
and batteries. It is also used to
vulcanize rubber (harden it),
in black gunpowder and in
medicines.

SULFUR DIOXIDE

Sulfur burns with a blue flame
to form sulfur dioxide, a
poisonous gas made
of sulfur and
oxygen. This gas
is used to kill
insects, as a
fungicide and
as a preservative
for fruit.

Sulfur dioxide
can be used to
preserve the
color of dried
apricots.

Internet links
Go to www.usborne.quicklinks.com
for links to the following websites:

Website 1 Facts about the discovery,
uses and chemistry of sulfur.

Website 2 Find out how sulfur dioxide
causes acid rain, and find out where it
comes from.

Website 3 Explore the crater of a
volcano and see sulfur crystals and gases
that have emerged from vents.

Pure
sulfur

The element sulfur is a bright yellow,
crumbly solid. It is found in underground

deposits in volcanic areas. It is also
found in minerals such as iron
pyrites and copper pyrites.

FORMS OF SULFUR USES OF SULFUR

-i

• Fo,si f,eis, 708.
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PHOSPHORUS
P hosphorus is a non-metallic element. It occurs

naturally in hones, teeth and the chemicals in the
I)Ocly that store energy. It is also found in the Earth,
for example in the mineral apatite. Its most reactive
form, white phosphorus, glows in the dark.

FORMS OF PHOSPHORUS USES OF PHOSPHORUS

Phosphorus occurs in three
crystal forms, or allotropes.

White phosphorus is a
poisonous, waxy, white solid
that ignites easily when it is
exposed to air.

Red phosphorus is a non
poisonous, dark red powder.
It is made by heating white
phosphorus without air. It is less
reactive than white phosphorus.

Black phosphorus is made
by heating white phosphorus
under pressure using mercury
as a catalyst*. Its name comes
from its appearance, which is
much like graphite. It is the
least reactive form of
phosphorus.

r See for yourself
Take a look at the list of
ingredients on a tube of
toothpaste.

One of the main uses of
phosphorus is in the production
of phosphoric acid (H5P04).
This is used to make iron and
steel rust-proof, and in the
making of carbonated drinks. When a

match is
struck, the red
phosphorus
becomes white
phosphorus,
burning fiercely
in the air.

compounds of phosphorus and
oxygen are called phosphates.
Phosphates are important in
animal and plant growth. They
are added to animal feed and
used to make fertilizers.

The list will probably
include certain
phosphates, such as
sodium phosphate and
trisodium phosphate. These
are compounds that contain
phosphorus.

These phosphates are used in
toothpastes because they help
to loosen stain-forming
chemicals from your teeth,
helping to keep them white.

Internet links .1

Go to www.usborne-quicklinks.com
for links to the following websites:

Website 1 Essential information about
phosphorus.

Website 2 Facts about phosphorus
and its many uses

Webslte 3 Find out how phosphorus
plays an important part in your diet,
what it does for different parts of your
body, and why too much is bad for you.

The minerals apatite (left)
and turquoise (right)
contain phosphorus.

Red phosphorus is used in
matches, pesticides, alloys
and distress flares.

Phosphoric acid is used to
add fizz and flavor to cola
drinks.

White phosphorus is
used in rat poison.

Farm crops, like this cabbage,
are fed with large
amounts of

I iT fertilizers
phosphate

Coiyst 79.
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