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Introduction

KEY
. Hydrogen - The Boron Group Element m.<q=_uo_
Every element has a unique symbol of one or two

[7] Alkali Metals I The Carbon Group letters. These symbols ensure that scientists who

. speak different languages do not get confused while o
Alkaline Earth Metals The Nitrogen Grou ihi

i 8 P describing the same element. N..
it ]
. Transition Metals . The Oxygen Group The atomic number is the number of protons (=%
in the nucleus of this element’s atoms. m
. Lanthanides . The Halogen Group . [=4
The first letter of a symbol is always =)
a capital, but the second is lower case. s

- Actinides . Noble Gases

The atomic mass number is the average of all the
atoms of the element. It is not a whole number
because there are different isotopes (forms) of each
element, each with a different number of neutrons.

The periodic table is a useful way of organizing the elements.

It arranges the elements in order of their atomic number,
Elements of this group

which is the number of protons in the nucleus of an atom, are semi-metals (elements
. . P ith the ie .
and is unique to every element. The table also divides the et This group contains mm:oﬂhm. “ " -
. « . » th hiny like metall the nobl . which ements in the same period, or row, have the same
elements into rows, called ﬁmEOQm s and oOEBva called @N%M:w\wwawwsm.i %&%ﬂwommwmwﬁw number of electron shells in their atoms. So elements

« mn. OC.U m:. _UB;H.— g en Q m_ eev, Em ijamm»” SNTO Qmﬁmmg Em like non-metals. elements, and are unreactive. __uzmw_moﬂa._Owﬁ__xo_‘_“wJ”mMM Mﬂ%nm_ﬁwﬂﬁmmu__mwzm:. while those in
table, arranged the elements based on the similarity of

S certain physical and chemical properties. ,
wm Periods run from
left to right.
9.0122 2
12
—.Sm Groups run from
24.305 top to bottom.

20
Ca
40.078
38
Sr
87.62
56
Ba
137.33
88
Ra
(226)
The actinides and the
lanthanides are placed
between the alkaline earth
metals and the transition
metals, but have been
moved below to give
them more space.

m-.o:-.m
Zm_._._cm_.moﬁmn_.oc_yoq.nod:s:.mz
:m<m§mmm3m==3cm«oﬁm_mnﬁ3=m
Sa:m#o:am_‘acmﬁm:m__.mg«mxm-:v_m,
group one elements have one outer
. . . - . . ! electron, while group eight elements
mW DMITRI MENDELEEV
The periodic table was
developed by the Russian -

have eight outer electrons. \
chemist Dmitri Mendeleev in

1869. Others had tried before,
but his table was periodic,
or repeating, because the
characteristics of elements

follow a pattern. The table was

incomplete as some elements
had not yet been discovered.
However, Mendeleev predicted
the positions of the missing

elements, and was proved right

when they were finally isolated
many years later.
. ’
\ J 15
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Hydrogen

20

Three quarters
of this planet is
made up of layers
of gaseous and
liquid hydrogen

State: Gas
®1 &1 {70 Discovery: 1766

This gaseous
stellar nursery
is giving birth to

The Orion Nebula

The Sun is
Sfour-fifths
hydrogen.

ﬂ g T TN

- By

o

2z — Eachwater
molecule has
two atoms of
hydrogen and

one of oxygen.

thousands of stars.

Uses a HOW ROCKET FUEL WORKS

1. This chamber contains a >

Juel called liquid hydrogen. |

2. This chamber contains
liquid oxygen, which helps
the hydrogen burn. __}

3. Pumps control the flow
of the liquids as they enter
the combustion chamber. —|

uoo[[eq pa[[y-uaSorpAy

4. The combustion chamber is
where the liquids mix together,
creating an explosion. —_|

This balloon can rise high
into the atmosphere where
sensors gather information
about atmospheric pressure,
temperature, and wind speed.

Margarine

Margarine is
made of vegetable
oils thickened by
adding hydrogen.

Hydrogen
peroxide

The This powerful
explosion was

Obﬂ% i”mﬁﬂ created by fusing
‘HQﬁ.ﬁﬂﬁ hydrogen atoms.

of hydrogen fuel
is steam. This energy-
efficient bus runs
on a fuel cell fed
by hydrogen.

@»1%% ___

Hydrogen-powered bus

Many space rockets use
liquid hydrogen as a fuel.
The hydrogen reacts
with oxygen to form
extremely hot steam,
which blasts out of the
nozzle. This creates
thrust, which pushes

the rocket upwards.

5. The nozzle emits hot vapour,
pushing the rocket upwards.

———

—_—

}

This powerful rocket uses
45,460 litres (12,000 gal) of
liquid hydrogen as fuel.

This liquid is
used as a cleaner:

Delta IV rocket

Hydrogen is the first member of the periodic other gases, such as helium and methane. On

table because it has the simplest atoms of
all elements: they contain just one proton
and one electron. Pure hydrogen is a
transparent gas. The biggest planets, such as
Jupiter, are vast balls of hydrogen mixed with

Earth, hydrogen is commonly found in water.
Although it is rare in Earth’s atmosphere, hydrogen
is the most common element in the Universe.
Stars, such as the Sun, contain large amounts
of hydrogen. At the centre of a star, atoms of

this element are fused together, releasing heat and
light. New stars form inside nebulae — such as the
Orion Nebula. They are clouds of hydrogen gas
that slowly collapse in on themselves. Hydrogen
gas is the lightest element of all, and much lighter
than air. This is why hydrogen-filled balloons

can fly higher than air-filled ones. Supercold
liquid hydrogen is used as rocket fuel. Atoms of
hydrogen fuse together to produce a lot of energy
in hydrogen bomb explosions. Pure hydrogen is
also a clean energy source used to power some
buses and cars.

21
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Pure hydrogen
(H) fills this
glass sphere,
and produces
a purple

glow when
electrified.

o 1 ||

_._.<a3um=

), is located above the alkali metals in the first

The first element, hydrogen (H
column of the periodic table. Zoémén because it is so different to the elements
below it, hydrogen is not included in their group. This gas has the simplest atoms
of any element with one electron and one proton. It is highly reactive and forms
compounds with all kinds of other elements.

Atomic structure
A hydrogen (H) atom
has one electron moving
around a nucleus
consisting of a
single proton.

Physical properties
Hydrogen gas is the lightest
material in the Universe. Pure
hydrogen is rare on Earth, as
it escapes quickly from the
atmosphere into space.

Chemical properties
Hydrogen is highly
flammable. It
forms compounds
with both metals
and non-metals.

Compounds
The most common
hydrogen compound
is water. Acids are
compounds that
contain hydrogen.
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Uses

[ \
° d = 3 State: Solid
@11 @11 (012 Discovery: 1807

@ MUMMIFICATION

Ancient Egyptians
believed in life after
C death and so preserved
4 ¥ the bodies of their 1. Organs, such as the stomach and
@ 3 S dead. A dead body lungs, were removed from the dead body. >
58 Forms S Edible salt mm was washed and the z
m g N is made by S organs removed, then =
o— . N & ) refining the < crystals of sodium =
T This sodium-rich f mineral halite. ]
i) mineral is an example 1 . ooavoc:QmAimnm m..
= of a zeolite, a mineral § used to dry it out. 2. Sodium compounds were spread @
with tiny holes that Finally, the body over the body to dry it.
can trap gases. mu was wrapped, which

=] completed the process

m of mummification.

=]

% 3. The body was wrapped

- in cloth to mummify it.

»
\ J
This tube glows bright yellow-orange
This mummified body, when sodium gas is electrified.

or mummy, was preserved
using sodium compounds.

Sodium fireworks

Sodium gas lamp

Soft, shiny metal

£ soap
ar O
npﬁm ® ____ Some soaps
were sacred ‘ contain
R . sodium
.m in ancient Egypt, so hydroxide.
6 - their bodies were
©w ® . ing soda
W.. W.. Polished gemstone made mummified. @vf——w
= = of the mineral sodalite
37
5 M The thick, white crust
o w covering this salt flat contains . .
M m sodium chloride and other salts. Nﬁ“_mﬂw“u«om““m““
m .m. colour from burning O&w:lm.ﬁ
2 o sodium compounds. white powder
@ =
=. Indigo dyes — often
o used in blue jeans —
contain sodium. W
g
=3
This glass case o
holding pure sodium has
no air in it, to prevent i
Cube-shaped the metal from reacting - . - Ing “aes Spraying salt keeps roads
transparent crystals with oxygen in air: Salar de Uyuni, Bolivia EWO dye ﬁoi [ree from ice and frost.
Everyday salt contains lots of sodium. halite, and it is what makes seawater salty. Other into flames when in contact with water. Sodium  rise by releasing bubbles of carbon dioxide. When
Although abundant on Earth, sodium is sodium minerals include sodalite, a soft blue compounds in fireworks burn with a yellow- refined, sodium chloride, or common salt, has
never found in its pure form naturally: it forms stone that can be shaped and polished. Pure orange colour. In ancient Egypt, crystals of sodium several uses. It makes ice melt so it is used in
compounds with other elements. Sodium chloride, sodium is soft enough to be cut with a knife. compounds were used to preserve dead bodies as  salty grit added to slippery, frozen roads. This
which also contains chlorine, is the most common It reacts with oxygen in the air, forming a mummies. Another useful compound is sodium  helps de-ice them to make them safer. It is also
26 sodium compound. It is also known as the mineral ~compound called sodium oxide, and bursts bicarbonate, or baking soda, which makes dough an important seasoning for meals. 27
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Earth Metals

Alkaline

50

Radium is the only radioactive member
of the alkaline earth metals. It is also the
rarest element in this group, and forms in small
amounts when the atoms of more common
metals — such as uranium and thorium — break
down. Radium atoms do not survive for long,

State: Solid
@388 @88 (7)138 Discovery: 1898

This ore contains just 0.7 g
(0.02 0z) of radium in every
1,000 kg (2,205 Ib) of rock.

n 100
years time,
only 4% of the

radium atoms in this
watch would have
broken down.

with most of them quickly decaying into
radon, a radioactive noble gas. This element
is highly dangerous and is rarely used today.
However, in the early 20th century, radium
compounds were in common use. Luminous
paints, like those used to make watch dials

Uses PIERRE AND MARIE CURIE

Radium was discovered in

= s 1898 by Marie and Pierre
= . Curie. They found that

uranium ores produced
more radioactivity than
expected from samples
of uranium. They realized
another radioactive metal
was present and named
it radium.

The radium paint
in this clock makes
the numbers glow
green-blue in the dark.

~—ngrahu

ILTMC

Skin lotions containing
radium were common
in the 1920s.

glow in the dark, were created using radium.
People working with this paint often became
ill, especially with cancer, because the
radiation produced by radium damages DNA.
Nevertheless, until the 1940s, many people
thought radium’s radioactivity made them

I®Ip snourwmi ©
YIm yojem 303004

SIeI9W yiAez auleyly

This vial contains
a liquid called
radium chloride.

rads Vials for
adium ?mmcsm:n

This machine from the
early 20th century mixed
radium into water, which

was thought to make it
healthier to drink.

OOMBmD.Om

Radium emanator

Radium face
powder was
once thought
to be good for
the skin.

stronger, not weaker. They injected themselves

with vials containing a radium compound,

believing it gave them an energy boost. They

also thought that creams and cosmetics with

radium in them made the skin healthier, even

though they did exactly the opposite. 51
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Although humans have discovered many strong metals and
useful elements, gold has remained one of the most valuable.
Before people knew what it was, they saw glittering gold dust
in river beds or dug large gold nuggets out from rocks. They
found that gold has many valuable qualities: it is soft enough to
hammer into any shape and can be melted down for moulding

into ornaments. Best of all, its gleaming golden colour never
fades away. Ancient cultures prized items made of gold: in
ancient Egypt, gold was used to make coins as well as to cap
the tops of pyramids. Gold is, however, so rare that if all the
world’s mined gold were forged into a cube, it would fit inside
the penalty area of a soccer pitch.

Transition Metals

100

Forms

This bright red
mineral is the main ore
of mercury used today.

Cinnabar

The “ribbed” effect
is due to mercury’s
extremely high density.

Mercury is the only metal that is liquid

at room temperature. Along with water, it is
one of the few liquids found naturally on Earth’s
surface. Pure mercury forms around volcanoes
where the heat separates it from its minerals,
such as cinnabar. This red mineral has been

State: Liquid
(7121 Discovery: c. 1500BCE |

Solid
mercury is soft
enough to be
cut with
a knife.

This metal melts
at —39°C (—38°F),

used for many centuries: ancient Romans
roasted cinnabar to release a liquid they called
hydrargyrum, meaning “silver water”. This

was the element mercury. It was later known

as quicksilver because of how fast it flowed as

a stream of liquid. This metal is very poisonous:
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The Oxygen Group
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State: Gas

@3 ®s (s Discovery: 1774

Streaks of light adorn the sky as
atoms of oxygen in the air are hit by a
stream of particles blasting from the Sun.

This glass sphere

Flames are
produced when
oxygen reacts with
Juel, such as wood.

Each water
molecule has two
atoms of hydrogen
and one of oxygen.

B WHAT IS COMBUSTION?

Combustion is a chemical reaction that A beaker is En.an over
produces heat and light. Oxygen is essential a candle, starving the
for combustion to take place. Jiame of oxygen

The flame is steady

in the presence of oxygen L T W

The flame goes out
when the oxygen
supply is cut off.

Water

Candle wax is made of a
flammable carbon compound,
which acts as a fuel.

Oxygen is the most common element in
Earth’s crust. Oxygen and its compounds make
up half of all rocks and minerals on our planet.
In the atmosphere, pure oxygen makes up
around one-fifth of the air. This element is a
transparent gas. Life on Earth depends on

oxygen for survival. Animals breathe in air to
collect the oxygen in it. Our bodies’ cells then use
that oxygen to break apart sugars to release
energy, which powers our bodies. Another
process that involves oxygen is the burning
reaction called combustion, in which oxygen

Uses

The piston then squeezes
the mixture of oxygen
and fuel.

This cylinder takes in
oxygen along with the fuel.

This liquid Oun%m en is \
contains /
anoxygen | colourless \
compound | |
that prevents | as a gas, but looks |
water. \S,S \ U ”—n .’—..-—.ﬂ |
freezing in L.

an engine. as a liquid. "/

Mountaineers have to adjust
slowly to changing levels of
oxygen as they climb higher.

oxygen cylinder

reacts with a fuel and produces fire. Oxygen is
also used up when it reacts with other elements
to form compounds called oxides. However, it is
replenished by plants through a process called
photosynthesis, which releases fresh oxygen.
Car engines are powered by the combustion

impurities that are burned
away using pure oxygen.

The up-and-down motion
of the pistons makes the
wheels of a car spin.

Hot steel may have

This piston
is pushed
down when the
mixture explodes.

Steelmaking

The oxygen in this cylinder
can last for up to 30 minutes.

[eurajuf

Scuba diver

aurua uonsnquiod

This rocket carries liquid oxygen
that mixes with the fuel to produce hot
gases, which help the rocket lift off.

-
Q
]
o
o
-
>
12}
]
=
=
<

The oxygen
in this
cylinder

is given to
EDDNE‘M mn
controlled
amounts.

This flammable
gas-oxygen
mixture burns
hot enough to
melt metal.

of petrol or other fuels. Oxygen is also useful
in the making of steel. Tanks of oxygen let
mountaineers breathe easily in environments
that have low levels of this gas. Rockets, such
as the Atlas V, carry liquid oxygen to burn fuel
in the absence of air in space.
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