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The
Extraordinary
Elements

Hold up your hand. What is it made of ? Skin?
Bone? But what are they made of?

Imagine using a microscope to zoom right
down to scale ten million times smaller than
a millimetre. If you could, you'd see that your
hand — along with everything else in the
Universe around us — is made of tiny building
blocks called atoms. This book is your guide
to this amazing atomic world.

In the middle of an atem you will find the
nucleus. It is made of particles called
protons and neutrons. Whizzing around
this nucleus are electrons. Most of an
atom is empty space —there's a large gap
between the nucleus and the electrons. If
you blew up an atom to the size of a city
like London, UK then the nucleus would be
about the size.of a single person standin
in the middle.

All atoms with an identical number of
protons are given the same name. Gold,
for example, has 79 protons. The oxygen
you're breathing in right now has eight.
These different materials are known as
the elements and there are over one
hundred of them. In the pages that follow
you'll discover just how extraordinary
these elements can be.

This high quality PDF preview was generated on Sunday 10 November 2024. Visit hookshelf.honnierhooks.co.uk for up-to-date previews and information.

An element prefers to have full shells
of electrons because it makes it more
stable. So often it will try to borrow
electrons if it needs more, or get rid of
some if it has too many.



Each element may be unique, but there are things that groups of elements have in common.

EmE“tE Most are solid at normal room temperature (20°C). There are only twelve that are gases

. (hydrogen. helium, nitrogen, oxygen, fluorine, chlorine and the six noble gases). Just two

B N HE elements — bromine and mercury — are liquids. Francium, caesium, gallium and rubidium will
a s I E s melt from solid to liquid if the temperature rises to 40°C.

Elements are a bit like spies — each Y GAS Ligup SOLID
one has a secret code name. James
Bond is famously 007. Similarly,
chemists give special numbers to
each element. The first is called
the atomic number and is given
the symbol Z. It counts the number
of protons in the nucleus of that
element. No two elements share
the same atomic number — it's their
unique signature. Chemists also talk
about the mass number (given the
symbol A). This is the total number of
protons and neutrons added together.

Ne
Ls

Hy

Element | Symbol z A

Nitrogen N 7 14.007

Just like you can get di
dogs or cats, it is possib
versions of the same el
extra neutrons. Take hel
? H Its atomic number is two B
E as two protons. But it cal
een zero neutrons
trons (helium-10).
ent is the mass

This high quality PDF preview was generated on Sunday 10 November 2024. Visit hookshelf.honnierhooks.co.uk for up-to-date previews and information.



Chemistry 181

Elements crave stability. They can achieve this by acquiring a full outer shell of electrons.
This can be done by filling up the outer shell with missing extra electrons or losing stray
electrons so that the full shell beneath becomes the outermost. Atoms do this through a
process called bonding. An ionic bond sees one atom donate electron(s) to onother.
Covalent bonding occurs when two or more atoms share electrons between them.

COURLENT BONDING

This high quality PDF preview nerated on Sunday 10 November 2024.
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Mass is always conserved during a chemical reaction. That means the total number of atoms
that go into a reaction must equal the total number of atoms produced. So it is important to
make sure the reaction you write down is balanced. This is done by adding numbers in front of
each chemical symbol so that each side adds up to the same total.

]M + 3 ‘i/__,z %

N, (9 2 2NH, (9)

it bookshelf.bon: o.uk for up-to-date previews a



S How do we
~ DiScouer the
o Elgments?

There was a time when we thought that
" the Universe was made up of just four
elements: air, water, earth and fire.
Yet as we learned more we realised
there was a better way to classify the
ingredients that make up the. world
around us. ? :

PREHISTORIC

The story starts thousands of years ago when
our ancestors made use of new materials to
build themselves a better world. The Iron Age
started about 3,200 years ago and lasted for
six hundred years. We learnt how to build tools
out of the element with the afomic number
26. Iron is one of thirteen ciements known to

humans since ancient times. Others include
gold, lead, tin and zinc.

RALCHEMY

It was from the 1600s when the list really
started to get bigger as scientists began
to experiment with new substances. The
element phosphorus was discovered in urine
by an alchemist — a person trying to turn
everyday chemicais into gold. By boiling
chemicals and turning gases into liquids,
alchemists identified a host of new elements

SPECTROSCORY

The mid-1800s saw the rise of a technique
called spectroscopy. Electrons moving
between shells (see page XIl) inside an
atom give out light that is unique to that
particular element. Scientists including
Robert Bunsen — who gives his name to
the Bunsen burner - used this light to
discover elements caesium and rubidium.

includin en, nitrogen and hydrogen. :
e SR ) Ubgen e liviog During the 19th century AN

: there was a real explosion %h

in the number of new
elements discovered NS
—a total of 49.

T

'
\ v -
.’?/ A 3

kue’ Es Nl g

SYNTHETIC

Afurther 35havebeenfoundsince 1900. During and after World War Two, scientists were experimenting
with nuclear weapons, such as atomic bombs. They discovered new elements including curium and
americium while testing them. New elements were also found by firing small elements at bigger ones

ally high speeds inside enormo @ehines — a method called bombardment. Mendelevium —

rhed after the inventol periodic'tuble (see p101) — wa t2ellif-1955 by firing helium
at an element named after another famous scientist: einsteiniu Vil



. . The rows are called ‘periet! t arétQe viame The table has eighteen [

ThE F E I'llu dln TEhIE of the table comes. 11 erf yier bis you columns called ‘groups’. [T

move from left o rigf g of Normally all elements in a []J3

atom of eac! ¢l rs s \ up have a similar pattern @

Our element story is far from finished — the number of elements is still growing as we work to because ad f % G \ alectrons in their outer Xe |
discover new ones. That same bombardment technique is how the latest additions to the element keep electirons in G tghter oibl \ yicll. Elements get heavier @
list — tennessine and oganesson — were found in the twenty-first century. It is getting harder to . ' as you move down a group. Juo|

find héavier-elements because they.are very.unstable and disappear in the.blink;of an eye.
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Every time a new element is discovered it gets added to the periodic table. Chemists know exactly

where to put it because it runs from the element with the lowest atomic number (hydrogen) to the
highest (currently oganesson). Its inventor — Dmitri Mendeleev — even left gaps for elements yet
to be discovered. What makes the periodic table such a smart tool is that elements that behave
simildrly-appear close together. These-groups| are calour-coded, as you will-see belowi

> m > O,

ALKALI METALS

The first column of the periodic table is home
to the alkali metals (hydrogen doesn't belong to
this group). The alkali metals are shiny, highly
reactive and soft enough to cut with a knife.

ALKALI EARTH METALS

The six silvery-white alements in Group 2 have
low melting and boiling points. They often form
comp s with the including
sodium chloride (also known as table salt).

TRANSITION METALS

This is by far the biggest group in the table with
35 members — that's almost a third of all known
elements. Transition metals are very hard, with
high melting points and boiling points.

POST-TRANSITION METALS

The post-transition metals usually prefer to
bond with other elements using covalent bonds.
There is a lot of debate among chemists as to
which elements to include in this group.

METALLOIDS

The behaviour of a metalloid is a cross
between a metal and’ ¢ non-tetal. Their
appearance i> similan tu metals, but they are
not good conductors of electricity.

> » P X O

NON-METALS

Non-metals are wusually light and poor
conductors of heat and electricity. Many of
them play a key role in biology.

HALDGENS

These elements make up a small group of five
non-metals that often combine with metals to
makesalts. They are often used as disinfectants.

THE NOBLE GASES

The noble gases already have a full outer shell
of electrons so they tend not to get involved in
chemical reactions. Usually they don't have a
smell or colour either.

LANTHANIDES

These are named after the first element in the
group (lanthanum). Along with scandium and
yttrium they make up another class called the
Rare Earth elements because they tend to be
dug out of the Earth's crust.

ACTINIDES

Unlike most clusters in the periodic table, the
properties of the actinides vary considerabty
across its fifteen metallic elements. All actiniges
are radioactive.

A Guide o the Elements

Each element in this book will be assigned symbols to tell you more about it.

(=) (&) (@)

STHTE AT 28°C

These symbols inidcate the state of each
element at 20°C (solid, liquid or gas).

©)

IUHERE ON ERRTH?

This symbol indicates whereyou'can
d the element in the world.

DANGER T0 LIFE

This indicates whether a substance is
non-toxic, toxic or. g.mixture.

SPECIAL USES

This highlights how we make use of
the element to improve our lives.

DATE OF DISCOUERY

A magnifying glass indicates the year
the element was ‘discovered’. Often, this
indicates the date it was first isolated.

ELEMENT RANKINGS

Every element has a different density,
melting point and boiling point. In the
pages that follow, every element has been
ranked from 1 to 118 from highest to lowest
for each of these three key properties. A

category plot like the one shown here will
l illustrate this information on each page.

ELECTRON SHELL CONFIGURATION

Below, you can see an example of an element’s electron shell
configuration. The electrons whizzing around the nucleus
determine the element’s chemical properties — the way it
behaves in a chemical reaction. The total number of electron
shells an atom has determines what period the element is in
The number of electrons in its outermost shell determines the
group. The number in the middle represents the protons in the
nucleus of that element — its unique signature.

RTOMIC MASS

B3.798
?

This number indicates the average mass of
an element’s isotopes as found in nature.

This circle fills as the atomic number increases.
These bars indicate which row the element
can be found on.

This number indicatgs the) Graafie inumber of the
element, and is*dls¢ the page number.
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NON-METALS

ELECTRON

CONFIGURATION

ATOMIC MASS

1.688

ELEMENT
RANKINGS

2 2 1

HELTING  BOILING  DENSITY
POINT POINT

STATE AT 2B°C

A colourless, odourless gas.

WHERE ON ERRTH?

Found in the greatest

quanmiegﬁﬁN\ER
DANGER T LIFE

Non-toxic, it is essential for
almost all living things.

SPECIAL USES
Clean fuel, fertiliser,
margarine, silicon chips.

BONNIER BON

A FUTLRE FUEL

,@ DISCOUERED IN 1766

Hydrogen is the oldest and most
abundant element. It makes up 75

R per cent of the Uniye ”‘E@es
the fuel for stars. m is also
the simplest element with a solitary
electron orbiting one proton, making
it so light that it can easily escape
Earth’s gravity. Hydrogen is also the
main constituent of water (H,0) and
extracting it from water could give us
a clean energy source as we try and

move ow‘x‘?ﬂfossﬂ fuels. BON

HELILM
Ve,

He
N

ELECTRON ELEMENT
CONFIGLRATION RANKINGS

RTOMIC MASS

L.HA3 L)

MELTING  BOILING
BONT ROINT

2

BERSIT

STATE AT 28°C

A colourless, odourless gas.

IUHERE ON ERRTH?
Found in natural gas which
contains up to 7% helium

DANGER T0 LIFE

No known biological role.
It is non-toxic.

SPECIAL USES
MRI scanners, supermarket
scanners, deep-sea divers.

SHORT SUPPLY

DISCOUERED IN 1895

First discovered on the Sun, helium is

named after Helius, the Greek sun god.

Whilst it is the second most abundant
eiement in the Universe, you can't
just grab hold of it on Earth. Helium is
mostly produced as a by-product of
the natural gas industry and is now in
short supply. As it’s lighter than air,
it's commonly used in zeppelins and
party balloons. But think twice before
your next birthday, as helium supplies
are running out and we nead it for
important medicall equipmeat.

§315HT 780N
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ELECTRON ELEMENT
CONFIGURRTION RANKINGS

3
RTOMIC MASS Zs i

B9k

HELTING BOILING  DENSITY
POINT POINT

BERYLLIUM
f

ELECTRON
CONFIGLRRTION

RTOMIC MASS

1.012

‘\*.f 4
HEJ

\

MELTIN
BOINT

ELEMENT
RANKINGS

i
Bk
[}
L]

5 BOILING DENSITY
BOINT

STHTE AT 28°C

A soft, silvery-white metal.

IHERE ON ERRTH?

Found in 30 different mineral
species including emerald

DANGER T0 LIFE

Deadly poisonous if dust or
fumes are inhaled.

SPECIAL USES
Gyroscopes, springs, high-speed
aircraft, X-rays.

LOSMIC RAIN

,Q DISCOUERED IN 1757

Gemstones containing the mineral
beryl, such as emeralds, have

been known since ancient times.
When chemists later isolated the
main element inside, they called it
beryllium. It is mostly made when
high-energy particles called cosmic
rays strike the Earth’s atmosphere
from space. This creates a shower of
particles — including beryllium — which
rain down from the sky. Its properties
make it perfect for spacecraft and
communication satellites.

STHIIW HLHHI ITHHTH
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ELECTRON ELEMENT
CONFIGURATION RANKINGS

T

RTONIC MASS
18.81

MELTING BOILING DENSITY
POINT POINT

4

ELECTRON
CONFIGLRATION

RTOMIC MASS

12.8m

CARBON

ELEMENT
RANKINGS



NON-METALS

~ 1 1@

NITROGEN

w0
1
}
I
ELECTRON ELEMENT
CONFIGURATION RANKINGS

118

ATOMIC MASS

1887 R

HELTING BUILING  DENSITY
POINT POINT

STATE AT 28°C
A colourless, odourless gas

IHERE ON ERRTH?

Found in all living things, it makes
up 78% of the air. by volume

DANGER T0 LIFE

Non-toxic, it is essential for
all living things.

SPECIAL USES
Dyes, explosives, freezing food,
fertilisers, nitric acid, nylon

KEY INGREDIENT

DISCOUERED IN 1772

Nitrogen is the most abundant element
in the Earth’s atmosphere. making up
78 per cent of the air we breathe. It is
also a key ingredient for life, found in
important biological chemicals such as
amino acids. Compounds of nitrogen

— called nitrates — are a crucial part
of the fertilisers used by farmers and
gardeners to help grow plants. Super
cold liquid nitrogen can be used by
chefs to help make cold food such as
ice-creams and sorbets.

OXYGEN

ELECTRON
CONFIGURATION

RTOMIE MASS
15.999

ELEMENT
RANKINGS

\ STATE AT 28°C

‘ A colourless, odourless gas.

IUHERE ON ERRTH?

Found in the atmosphere. the
Farth's crust and the human Loy

DANGER TO LIFE
Non-toxic, it is essential for all
living things.

SPECIAL USES
Steel industry, anti-freeze,
polyester.

1) DISCOUERED IN 1774

Oxygen is arguably the most important
element to you. You cannot last more
then three minutes without it. Althouah
itis the third most abundant elericrit in
the Universe, and makes up 21 percent
of Earth’s atmosphere, astronauts

still need spacesuits to make sure

they have an oxygen supply in space.
It is the most reactive of all the
non-metals, so easily bonds with other
elements to form compounds such as
water (H,0), carbon dioxide (CO,) and
iron oxide (rusii £4,0.).

STHLIW-NON
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HALOGENS

FLUORINE

JIER

ELECTRON
CONFIGURRTION

e

ATOMIC MASS

18.9498

NNI

ELEMENT
RANKINGS

BONNI

LTING Illlllll DENSITY
INT

STATE AT 28°C

A pale yellow-green gas.

WUHERE ON ERRTH?
Found in the minerals fluorite
fluorspar ane Cryeliia

DANGER T LIFE

Essential to humans, (our bodies
contains about 3mg) but highly toxic
in pure form.

SPECIAL USES
Nuclear energy, frosting glass,
light bulbs.

PEARLY WHITES

DISCOUERED IN 1886

Despite its common usage in
toothpaste. fluorine is the most
chemically reactive elament. Fiuarine
reacts. often very v yciously. with all
of the other elements except oxygen,
helium, neon and krypton. Fluorine is
also the most electronegative element.
In molecules, this means that fluorine
attracts electrons more powerfully
than any other element. It is often
added to tap water to help fight tooth
decay but toe much fluoride is toxic.

ELECTRON

CONFIGLRATION

RTOMIC MASS

2818

ELEMENT
RANKINGS

MELTING  BOILING  GENSIT
BONT ROINT

STATE AT 28°C

A colourless, odourless,
tasteless gas.

WHERE ON ERRTH?
‘iound in Earth’s atmosphere,

is the 5% most ubundunchN\ ]

DANGER T0 LIFE

No known biological role.
It is non-toxic.

SPECIAL USES
Neon signs, diving equipment,
high-voltage indicators, lasers.

BQNN\ER

UIUA LAS UEGAS

,@ DISCOUERED IN 1898

Neon is associated with bright signs that
glow vibrant red-orange, famous in Las

‘ ,‘m As the second lightes el |
., neon doesn’t usually take

chemical reactions. Yet if you pass an
electric current through a tube of neon

it boosts electrons into higher shells.
When they fall back down again they
give off a distinctive colour, which one of
neon’s discovererers — William Ramsay —
referred to as a ‘brilliant flame-covered

light’ in his Nobel Pnze i@ﬂh
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ELECTRON
CONFIGURATION

RTONIE MASS
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ELEMENT
RANKINGS
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POST-TRANSITION METALS

e

STHTE AT 28°C

A silvery-white, lightweight metal.

WHERE ON ERRTH?

Found in minerals such as bouxite
and cryolite.

DANGER TD LIFE

No known biological role on Earth.
It can be toxic if inhaled in high
concentrations.

SPECIAL USES
Aeroplane parts, telescope
mirrors, decorative paper, toys.

SHINE ON

DISCOUERED IN 1825

Today we use this lightweight,

strong and non-corrosive metal

for everything from cars, cans and
kitchen foil to painting the white lines
on tennis courts. You'll even find it in
sun cream. In fact, there’s only one
metallic element — iron — that we use
more than aluminium. We've been
using it for millennia, too. Back in
Ancient Greece and Rome it was used
in dyes and for dressing wounds. It

is good at fighting the microbes that
cause some diseases.

STATE AT 28°C
A blue-grey metallic sheen
in its purest state.

IHERE ON ERRTH?

Found in sand and minerals. It is
the 2" most abundant element

DANGER TO LIFE

Essential to plants. It is non-toxic
but can be carcinogenic if silicates
are inhaled.

SPECIAL USES

Fibre optics, cosmetics,
hair conditioner, concrete.

SUPER SRULY

,Q DISCOUERED IN 162k

Silicon is the base for a lot of our
computer technology. Computer

chips are usually made of this hard.
unreactive element. Silicon was chosen
because there’s a lot of it (it makes up
over 25% of the Earth’s crust and is

a major component of sand) but also
its electrical properties are part-way
between a conductor and an insulator.
There's even an area of California,
USA named Silicon Valley due to the
large number of technology companies
based there.




NON-METALS

e

PHOSPHORUS

ELECTRON ELEMENT
RANKINGS
118
RTMIC MASS Lo L

30.974

HELTING  BOILING  DENSITY
POINT POINT

STHTE AT 28°C
A poisonous, waxy solid (white)
or a non-toxic solid (red).

IUHERE ON ERRTH?
Found in minerals such as phosphate
rock (but it is running out).

DANGER TO LIFE

Essential to all living things

(our bodies contain about 750g),
but it is highly toxic in pure form.

SPECIAL USES

Flares, matchboxes, fertilisers,
steel, fine chinaware.

LOLD FIRE

DISCOUERED IN 1669

SULFUR

JNIER

ELECTRON ELEMENT
Originally known as ‘cold fire’ because CONFIGURATION RANKINGS
it glows in the dark, phosphorus
gets its name from the Greak word
phosphoros, meaning ‘bringer of
light'. It's still used in the heads
of matches because of this. It was
difficult to discover because it ignites
spontaneously in air. Phosphorus is
also found in human DNA and is a key
ingredient in many fertilisers. People ATOMIC MASS
were so desperate for phosphorous in 270G
the 1800s that they extracted it from ] =
birdadnd bat pob.

nm%ﬂ% g!@

STATE AT 2B°C

A yellow crystal or powder.

IUHERE ON ERRTH?

Found in many minerals such as
. " gypsum and in volcanic areas.

fzﬁx DANGER TO LIFE
u Essential to all living things
(our bodies contain about 140g),
E\\ / but can cause skin irritation.
* Black rubber, black gunpowder,
silver polish, bleach, cement.

DISCOUERED IN ANCIENT TIMES

SPECIAL USES

Chances are you've already smelled
sulfur. Many of its compounds stink,
including hydrogen sulfide (H,S) which
smeils like rotten eggs. Sulfur has
been known for most of human history
and was regarded by alchemists as
one of three substances that make up
everything in the Universe. It is one of
the oldest fungicides and pesticides,
used for centuries to protect crops
from other harmful living things.
Despite that destructive ability, it also
plays a crucici roié in your body.

STHLIW-NON



HALOGENS

STATE AT 28°C STATE AT 28°C
A yellowy-green dense gas A colourless, odourless gas.
with a distinctive smell.
IHERE ON ERRTH? IHERE ON ERRTH?
Largely produced from the Found in 0.94% of the
compoungd-sodiumichioride, Earth’s atmosphere
V7 N
e DANGER T0 LIFE 78  DANGER T0 LIFE
Essential to all living things No known biological role.
\ \\\\ / It is non-toxic.

o~ g but can be highly toxic.
SPECIAL USES HI" SPECIAL USES
| —

Low-energy light bulbs, tyres,

Disinfectant, paper, paints,

food and drink containers.

B GN GEAM KILLER /\ THE LAZY ONE

,@ DISCOUERED IN 1774 DISCOUERED IN 1834
ELECTRON ELEMENT ELECTRON ELEMENT
CONFIGURRTION RANKINGS Widely associated with the smell of CONFIGURATION RANKINGS The first noble gas to be discovered.
swimming pools, chlorine is often used argon is named the ‘lazy one’ due to

as a cleaning product.te, killlideteria. L its incredibly unreactive nature. This
In its standard statey tie yellow- property means that it is often used to
coloured chlorine gas is highly toxic to replace oxygen inside food and drink
humans. Yet you'll still find it in your containers so that the contents last
stomach combined with hydrogen to longer. Despite this lack of reactivity,
form hydrochloric acid (HCI). This acid argon produces a beautiful blue-purple
helps to break down the food that you hue when stimulated by electricity and

ATOMIC MASS eat. Chlorine gas is very poisonous, ATOMIC MASS is widely used for both incandescent

25.L5 and was used as a chemical weapon 20.05 N and fluorescent lighting. It is the third
: HELTING BBILING DENSITY during World-War 1. = ST i, most abundant gas in the Earth’s
POINT  POINT G AU

atmosphere after nitrogen and oxygen.

S15HT 180N



ALKALI METALS

POTASSIUM

-

ELECTRON ELEMENT
CONFIGURATION RANKINGS

RTOMIC MASS LI

39.898 ||

HELTING  BUILING  DENSITY
POINT POINT

STATE AT 28°C
A soft, silvery-white metal that
tarnishes quickly in air.

IUHERE ON ERRTH?
@ Found in the ocean, igneous rocks
and minerals such as sylvite.

DANGER TO LIFE

Essential to all living things as a
compound (our bodies contain about
1409), but dangerous in pure form

SPECIAL USES
Fertilisers, glass, detergent,
liquid soap, pharmaceuticals.

COOL BANANA

DISCOUERED IN 1887

Potassium is vital to life and is found
in many areas of the human body,
from controlling your blood pressure
to breaking down food. It is therefore
important to consume potassium as
part of a healthy diet, with bananas
and fish being good examples of
potassium-rich foods. As well as being
good for the body, it is the basis for
some deadly poisons such as cyanide.
Potassium nitrate is also used in
fireworks and gunpowder.

CALCIUM

STATE AT 2B°C
' A soft, silvery-white metal that
tarnishes quickly in air.

IHERE ON ERRTH?

Found in limestone, gypsum.,
luorite and apatite.

DANGER TO LIFE

Essential to all living things (our bodies
contain about 1kg), but dangerous in
pure form when exposed to water.

SPECIAL USES
Building stone, cement, soil
conditioner, anti-freeze agent.

ALL BONES

DISCOUERED IN 1888

Abundant on both the Earth and the
Moon, calcium is essential for animal
and plant nutrition and is vital for
building strong bones and teeth

Good sources of calcium include
milk, cheese and yoghurt, although
too much calcium can cause kidney
stones. Medics use calcium sulfate as
plaster for setting bones. Calcium is
also a key ingredient in steel making
and car batteries and can be found
in chalk and limestone (both forms of
calcium carbonate).
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STATE AT 28°C

A hard, shiny and strong metal

WHERE ON ERRTH?

Found in igneous rocks, iron ores
and in minerals such as ilmenite.

DANGER TO LIFE

No known biological role.
It is non-toxic.

SPECIAL USES
Laptops, bicycles, fishing rods,
plastics, sunscreens.

FIRE AWAY

DISCOUERED IN 17181

Super-strength titanium is named

after the Titans in Greek mythology.

a group of powerful gods and
goddesses. This transition metal is
both strong and lightweight and makes
alloys which are ideal for aircraft,
spacecraft, missiles and ships. It is
also an ideal choice for new body
parts and is widely used in hip and
knee replacements, as well as dental
implants. Titanium dioxide is this
element’s most common compound,
used as a white paint and in golf clubs.
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STRTE AT 28°C

A silvery-grey metal that
resists corrosion.

IUHERE ON ERRTH?

Found in about 65 different
minerals ineludifg y Onoidii te

DANGER T0 LIFE

Essential to humans; but our
bodies only need 0.01 milligrams
each day.

SPECIAL USES

Armour plates, axles, tools,
piston rods, glass, magnets.

P, UP & ALWAY

DISCOUERED IN 1881

When vanadium was first discovered,
the original sample and findings

were lost in a shipwreck. If tock three
decades to find this zlusive element
again and it was eventually named after
Vanadis, the Swedish goddess of beauty.
Today this silvery-grey metal is used in
industry to improve the strength of steel
and to create a special alloy that is a
key component in jet engines. Enzymes
containing vanadium are even used by
some sea algan during photosynthesis to
remove unwanted chemicals.

CHROMIUM

S »
7N

ELECTRON ELEMENT
CONFIGLRATION RANKINGS

RTOMIC MASS

a1.996

MELTING  BUILING GENSIT
BONT | ROINT

STATE AT 28°C
A hard, silvery metal with
a blue tinge.

IHERE ON ERRTH?
rsound mainly in the ore chromite.

BONNIE
DANGER T0 LIFE

Essential to humans (our bodies only
need 1mg each day). but highly toxic
as a compound.

SPECIAL USES

Stainless steel, chromium
plating, tanning leather.

BQNN\ER

ALL RAINBOLL

IlISEIIIlEHEIl IN 1798

Named after the Greek word for
colour (chroma), chromium produces

) Icolours seen in precious 1 n.1 |
Q%%?st!;om red rubies to green %ﬁNN‘

emeralds. Chromium compounds also
come in a rainbow of colours and

are often used in paints and lasers.
However, this element is mostly used
to create strong alloys. For example,
it is found in stainless steel cutlery.
Our ancient ancestors used to coat

the tips of swords wn%ﬁmum to
stop them corﬁgy
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STATE AT 28°C

A silvery-grey metal.

IHERE ON ERRTH?

Found on the ocean floor and in
minerals such as pyrolusite.

DANGER T LIFE
Essential to all living things

(our bodies contain about 12mg).,
but highly reactive with water.

SPECIAL USES
Alloys, safes, prison bars, drinks
cans, fertilisers, ceramics.

CAUE MAN

/@ DISCOUERED IN 1774

Manganese is a silvery-grey, hard
and very brittle metal similar to its
neighbour, iron. Unlike iron it is not
magnetic. Yet another important
component of steel, manganese is also
vital for animal growth and plays a
big role in bone formation. It is used
as a pigment and there is evidence
of humans using manganese as far
back as 30,000 years ago to create
sprawling paintings on cave walls.
Manganese takes its name from
Magnesia, a region of Greece.

This high quality PDF preview was generated on Sunday 10 November 2024, Vi
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RTOMIC MASS
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MELTING  BOILING  GENSITY
BONT  ROINT
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STHTE AT 2B°C

A magnetic, silvery-blue metal.

WHERE ON ERRTH?

Found in the minerals cobaltite,
skutterudite anderythrite:

DANGER TO LIFE

Essential to all living things (our
bodies contain about 1mg) but toxic
in large amounts (over 20g).

SPECIAL USES
Magnets, jet turbines, porcelain,
glass, pottery, enamels.

GREEN GOBLIN

,C) DISCOUERED IN 1738

Derived from the German word kobo/d,
meaning goblin, cobalt was widely
considered by fifteenth century-miners
as ‘mischievous’. Not'enly did it play
havoc with their health but it was
often mistaken for silver, only to find

it didn’t smelt as expected. Later, its
blue and green pigments were used
for ceramics and it is particularly
associated with China and Persia. It is
also a key ingredient in the vitamin B_,,
which helps your nervous system to
function properly.

NICHEL

ELECTRON
CONFIGURRTION
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STATE AT 28°C

A silvery metal that resists

corrosion.

IUHERE ON ERRTH?
@ Found in minerals such as

pentlandite and garnierite
V/j DANGER TO LIFE

Essential to some species, but

suspected to cause cancer and organ
\K / damage through repeated exposure.

SPECIAL USES
Toasters, electric ovens,
armour plating, batteries.

DISCOUERED IN 1751

Aside from iron, nickel makes up much
of the Earth’s core. It is also found in
meteorites, often alongside iron. Thot's
no coincidence — planets like Earth

were made when gravity pulled metallic
space rocks together. You'll also find
nickel in the strings of electric guitars,
which were particularly popular with
musicians in the 1960s. Famously it
lends its name to the US five cent piece
too. a tradition dating back to the 1800s
when American coins were largely made
of the 28" element
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STHTE AT 28°C

A grey-white semi-metal.

IUHERE ON ERRTH?

Found in the minerals germanite
and argyrodite. it is very rare.

DANGER T0 LIFE

No known biological role.
It is non-toxic.

SPECIAL USES
Camera lenses, fluorescent
lamps, microscopes.

OPTICAL AID

DISCOUERED IN 1886

Like its neighbour gallium, the shiny
greyish-white germanium is also
named after a country (Germany).
The world’s first transistor radio was
made of this original semiconductor.
These days it is combined with oxygen
to make germania (GeO,) which is

a great material for use in optical
devices, from the fibre-optic cables
that carry internet and telephone
signals, to the lenses in microscopes.
Germanium was also used in the solar
panels of two NASA Mars rovers.
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STATE AT 28°C
A silvery semi-metal or red
powder.

IUHERE ON ERRTH?

Found in a few rare minerals.

DANGER T0 LIFE

Essential to humans (our bodies
contain about 14mg) but toxic if
ingested in high doses.

SPECIAL USES

Paint, plastics, photocopiers,
night vision cameras

STINKY SKUNK

(O DISCOUERED IN 1817

Named after a moon goddess due to its
similar properties to tellurium (which
was named after the Roman goddess of
Earth), selenium is the ingredient that
makes a skunk’s spray so potent. You're
more likely to encounter it in glasses
and ceramics where it is used to lend a
red colour. Like its neighbour, arsenic,
it is poisonous in large quantities, but
small amounts of it are crucial for
humans. It helps your thyroid function
properly — a gland in your neck that
produces important hormones.
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STATE AT 28°C
A deep red, oily liquid
with a strong smell.

IUHERE ON ERRTH?

Found in seawater and
brine deposits.

DANGER TO LIFE

No known biological role in humans,
but highly dangerous if bromine
vapour is inhaled.

SPECIAL USES

Agricultural chemicals,
insecticides, film photography.

FIRE FIGHTER

/Q DISCOUERED IN 1826

Another element famed for its
unpleasant smell, bromine is named
after the Greek word for ‘stench’. This
element is rare in the Earth’s crust, but
more common in seawater which is
the main source of the bromine used

in agriculture and pharmaceuticals.
Bromine compounds are excellent
flame retardants but usage in fire
extinguishers was banned in 1994 as
bromine atoms destroy the ozone layer.
Despite this, they are still commonly
used to make firefighter uniforms.

KRAYPTON

ELECTRON ELEMENT
CONFIGURATION RANKINGS

RTOMIC MASS
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STATE AT 2B°C
A soft metal that reacts violently
with water and ignites in the air.

WHERE ON ERRTH?

Found in the minerals pollycite,
cornallitegO'NN* e.
\\ DANGER TO LIFE
le) No known biological role. It is non-
\// toxic, but dangerous if ingested as
¢ it reacts with water.

SPECIAL USES
The purple colour in fireworks,
scientific research

BONNIER BON

THE DETECTOR

,(Q DISCOUERED IN 1861

Rubidium is named after its vibrant,
rich colour from the Latin word rubidus,

R meaning ‘dark red’, ing Wi ly
with water, ignitingéamr\l‘d%‘sﬁng

easily, rubidium is normally stored in
kerosene. It has little use outside of
scientific research, but has proven to
be an excellent detector of cancerous
cells in the body and a key component
of super-accurate timekeepers called
atomic clocks. It is also the first alkali

metal to h ensity higher than
\B@N‘&x@g sinks. BON

STRONTIUM

ELECTRON ELEMENT
CONFIGLRATION RANKINGS

RTOMIC MASS

B7.62

STATE AT 28°C
A soft, silvery metal that reacts
with water and ignites in the air.

WHERE ON ERRTH?

7
(% Found in the minerals celestite
/ and strontianite.

DANGER TO LIFE
No known biological role in
humans. It is non-toxic.

SPECIAL USES
The red colour in fireworks,
glow-in-the-dark paints.

DISCOUERED IN 1738

Named after Strontian, the Scottish
village where it was discovered,
strontium’s primary use is in television
sets, although this is changing os we
switch towards more sophisticated,
modern screens. Like its upstairs
neighbour calcium, it's easily
absorbed into bones and used for bone
tumour treatments. Strontium-90, its
radioactive isotope, can be used to
generate electricity for space vehicles.
You'll also find strontium in toothpaste
for people wiihisensitiva teeth.
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STHTE AT 28°C

A soft, silvery metal.

IUHERE ON ERRTH?

Found in minerals such as xenotime,
monazite and bostndesite.

DANGER T0 LIFE
No known biological role.
It is mildly toxic.

SPECIAL USES
Microwave filters, camera
lenses, lasers, medical use.

OXYGEN THIEF

DISCOUERED IN 179

The name yttrium originates from a
Swedish village called Ytterby where
the element was discoverzd vlongside
several others. It is u funtastic super-
conductor, and can also increase

the strength of aluminium and
magnesium alloys. It is also known as
the ‘oxygen thief’ due to its ability to
dissolve oxygen. You'll find it inside
Light Emitting Diodes or LEDs. an
increasingly popular form of lighting.
It's toxic in high quantities and can
cause iing diseose.

ZIRCONIUM

ELECTRON
CONFIGURATION

ATOMIC MASS

g1.224

ELEMENT
RANKINGS

STATE AT 28°C
A hard, grey-white metal
that resists corrosion.

IUHERE ON ERRTH?

Found in about 30 different
minerals, including zircon

DANGER TO LIFE
No known biological role.
It is mildly toxic.

SPECIAL USES
Nuclear power stations, ceramics,
cosmetics, microwave filters.

DR DURABLE

DISCOUERED IN 1788

This greyish-white metal is commonly
used in surgeon’s tools and dentistry
dug to its durability and resistance to
heat and corrosion by acids, alkalis and
salt water. The same properties make
it invaluable for space rockets, aircraft
and nuclear power stations. It is often
produced as a by-product of tin mining.
Precious stones containing zirconium
have been known since ancient times
and it offers a cheaper alternative to
diamonds. When turned into o powder
it becomes highly flammable.
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STATE AT 2B°C

A shiny, silvery metal.

IUHERE ON ERRTH?

Found in the ore molybdenite.

DANGER TO LIFE
Essential for animals and plants.
It is toxic in high doses.

SPECIAL USES
Steel knives, engines, saws,
drills, circuit boards, rockets.

STEEL CUTLERY

,() DISCOUERED IN 1781

Found in enzymes in your intestine,

it would be impossible to digest food
without molybdenum in our bodies.
Good sources of molybdenum include
green beans, eggs and cucumbers.
However, it is toxic in high doses.

It is used in steel alloys to increase

strength which makes excellent knives.

It takes its name from molybdenite,
from the Greek word molybdos.
meaning ‘lead’ because molybdenite
and lead ore were often accidentally
mistaken for one another.
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STHTE AT 28°C

A silvery metal.

WHERE ON ERRTH?

Produced from the fission

products ﬁwma

DANGER T0 LIFE
No known biological role.
It is radioactive and toxic.

SPECIAL USES
Medical diagnosis, radioactive
tracer for imaging scans.

STATE AT 2B°C

H u T H E N I " M o A hard, shiny, silvery metal.

IHERE ON ERRTH?

Found in minerals such as
pentlandite and pyroxenite

DANGER T0 LIFE

No known biological role.
Some compounds are highly toxic.

SPECIAL USES

Electronics industry, solar cells,
hard drives, fountain pens.

STH1IW NOILISNHHL
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HUMAN ROBOT HARD KICHS

,@ DISCOUERED IN 1937 DISCOUERED IN 18LL
ELECTRON ELEMENT ELECTRON ELEMENT
CONFIGURATION RANKINGS Technetium was the first element to CONFIGURRTION RARNHINGS Sourced from the Ural mountains in
be manufactured by humans, ruther Russia, ruthenium takes its name

R than found natural D&mx‘% from the Latin word for that country
is based on the w ology’. (Ruthenia). It is one of the rares

However, technetium was also later 2 & metals on Earth. Hardy and resistant to
discovered in red giants — stars that Bl tarnishing, ruthenium is often alloyed
are nearing the ends of their lives. with platinum to create wear-resistant
Technetium is the lightest element that electronics and jewellery. Fountain
is radioactive in all its forms. That pen tips are often made of ruthenium.
RTOMIC MASS makes it unstable and short-lived, but ATOMIC MASS Due to the ability of some ruthenium
0§ it still has important uses in medical 181.87 compounds to absorb sunlight, scientists
T T T diagnosis. | geone of the ‘missing’ = HRTRERRITY oo are experimenting to see if it could be
WL Mﬂ& d by Mendeleev. EQN TN T used in the solar panels of the future.
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STATE AT 28°C
A soft, shiny metal
that tarnishes slowly in air.

WHERE ON ERRTH?

Found uncombined in nature.and
in ores such as,argeéntite,

DANGER T0 LIFE

No known biological role.
It is non-toxic.

SPECIAL USES
Jewellery, silver tableware,
mirrors, batteries, gloves.

SAY CHEESE!

,Q DISCOUERED IN ANCIENT TIMES

One of the first precious metals
discovered by humans, we've used
silver for over 7,000 years; There’seven
a country named afterit — Argentina
comes from argentum, Latin for ‘silver’

and the origin of its Ag chemical symbol.

Silver is valued in jewellery because it
has the highest reflectivity of any metal.
It's also the best metallic electrical
conductor so is widely used in electrical
appliances, including cameras. Its
antibacterial properties see it used in
wound dressings, too.
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STATE AT 28°C
A silvery-white metal with
a bluish tinge on its surface.

IHERE ON ERRTH?

Found in the mineral
greenockite.

DANGER TO LIFE
Toxic and carcinogenic. It is also in
our bodies: about 50 milligrams.

SPECIAL USES

Limited use due to its toxicity.

YELLOW PRINT

DISCOUERED IN 1817

This silvery-white element — similar to zinc
and mercury — gives its name to cadmium
pigments in paint including yellow. orange
and red. Coincidentally is also the name of
a famous art piece painted by Jean-Michel
Basquiat, which is made from cadmium
paints. Its high toxicity to humans means
its usage is limited. Most of our cadmium
supplies come from Asia, with China, South
Korea and Japan among the top producers.
It ends up in rechargeable batteries,
television sets and the reactors found in
nuclear power plants.
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STATE AT 28°C

A soft, silvery metal.

LUHERE ON ERRTH?
Found in zinc minerals and iron,
lead and copper ores.

DANGER TO LIFE
No known biological role.
It is toxic.

SPECIAL USES
Fire-sprinkler systems, mirror
finish for windows, microchips.

TOUCHSCREEN

/Q DISCOUERED IN 1853
ELECTRON ELEMENT

Important for touchscreen technology CONFIGLRATION RANHINGS
and liquid crystal displays (LCDs),

modern day smartphones and tablets

would not be possible without indium.

Indium tin oxide is transparent, conducts

electricity and bonds strongly to glass.

Its name is derived from the vibrant

indigo light it shows in a spectroscope.

One of its first uses was in the engines

of aircraft deployed during World War ATOMIC MASS
Il. Many modern thermometers no "H -”
longer use mercury, replacing it with a :

& b MELTING  BOILING  DENSITY
gallium-indium-tin alloy instead. FUNT POINT
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STRTE AT 2B°C

A hard, silvery and brittle
semi-metal.

TELLURILM

0>.

IHERE ON ERRTH?
Found in small qucntmes er
100 mm éﬁ

DANGER Tll I.IFE

Toxic. It can cause liver damage
in large doses.

SPECIAL USES TE

Infrared detectors, batteries,
bullets, paints, glass.

BONNIER BON

LLED'S EYE

,@ DISCOUERED IN ANCIENT TIMES

ELECTRON ELEMENT
Dating back to ancient Egypt. this CONFIGURRTION RANKINGS

element was used to create c rlch

popular in glassware and paint. This
yellow hue is often referred to as
‘Naples Yellow', as natural deposits

of the substance were thought to be
abundant around Mount Vesuvius, near
the Italian city. Today, antimony is an

! L ATOMIC MASS
effective flame retardant and is also 1276

used in Nggwewces

MELTING  BOILING  DENSIT
PIINT INT

BON

STATE AT 28°C

A metalloid; usually
a grey powder.

IUHERE ON ERRTH?

Found in the minerals tellurite,
calaverite and sylvanite

DANGER TO LIFE
No known biological role.
It is very toxic.

SPECIAL USES
Alloys, solar cells, CDs, DVDs,
mini-fridges, rubber.

GARLIC BREATH

DISCOUERED IN 1783

Tellurium is named after the Latin
word tellus meaning ‘Earth’.
Ironically, it is one of the rarest
elements on our planet, but is
abundant in space. It is toxic and can
be very dangerous to your health.

If you breathe in as little as

0.01 mg/m?, you'll release a foul
garlic-like odour known as ‘tellurium
breath’. When added to steel and
copper, it produces alloys that are
easier for a machine to process.
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STATE AT 28°C
A black shiny solid
or purple vapour.

Found in seawater: iodide
and iodate minerals

i I i IHERE ON ERRTH?

DANGER TO LIFE

Essential for humans (our
bodies contain up to 20mg)
but toxic if ingested

SPECIAL USES
Animal feed, LCD displays.
printing inks, dyes.

DISCOUERED IN 1811

This element was first discovered
among seaweed that had been dried
and burned. It is the heaviest stable
halogen and the heaviest essential
nutrient in the human diet. An iodine
deficiency can stop your thyroid
gland from working properly. Fish,
dairy products and eggs are all good
sources of iodine. Today, iodine is
found in disinfectants, pharmaceuticals
and photographic chemicals. It is also
used in the controversial method of
‘cloud seeding’ to induce rainfall.

ELECTRON
CONFIGURRTION

ATONIE MASS
131.283

ELEMENT
RANKINGS

STATE AT 28°C
An unreactive, colourless,
odourless gas.

IWHERE ON ERRTH?
Found in the atmosphere and in the
gases from some mineral springs

DANGER T0 LIFE

No known biological role. Non-toxic
but its compounds are highly toxic.

SPECIAL USES

Plasma displays, general
anaesthetic, sunbed lamps,

ROCHET FUEL

DISCOUERED IN 1838

This rare element was one of the

last noble gases to be isolated.
Xenon produces an extremely bright
bluish-white light when an electrical
current is passed through it, useful

in photographic flashes and lighting
equipment. It is also a component for
ion engines in spacecraft. It allows
them to travel incredibly quickly in
space using only a small amount of
fuel. Xenon engines are about 10 times
as powerful as rocket engines!
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STATE AT 2B°C

A soft, silvery-white metal that
reacts quickly.

IHERE ON ERRTH?

Found in the ores barite
and witherite.

DANGER T0 LIFE

No known biological role.
It is toxic.

SPECIAL USES
Paint, glassmaking, rat poison,
green colour in fireworks.

X-RAY DISION

/O DISCOUERED IN 1888

This soft, silvery metal tarnishes
easily and reacts with water. It is also
toxic in high quantities. Barium can
be swallowed by medical patients

to help doctors check their stomach
and intestines on X-rays, as it helps
to show abnormalities more clearly. It
was first used in this way as far back
as 1908. Barium is also alloyed with
nickel to make the spark plugs in car
engines and barium titanium silicate
is a very rare gemstone that is the
official gem of California, USA.
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LANTHRNUM

ELECTRON ELEMENT
CONFIGURATION RANKINGS

ATOMIC MASS

138.985

HELTING  BOILING  DENSITY
POINT  POINT

STATE AT 2B°C

A soft, silvery-white metal
that reacts quickly.

IWHERE ON ERRTH?

Found in minerals such as
bastnaesite cid montzite.
DANGER T0 LIFE

No known biological role.

It is moderately toxic and reacts
violently with water.

SPECIAL USES

Hybrid cars, lighter flints, optical
glasses.

AT THE MOUIES

- DISCOUERED IN 1833

The first member of the lanthanides.
lanthanum’s name is derived from the
Greek word /anthano mearing o tie
hidden’. Lanthanum ' cxiensively used
in carbon lights, particularly cinema
projectors. We also put it into the
nickel-metal hydride batteries used in
hybrid cars — vehicles that run partly
on electricity and partly on traditional
fuel. Small amounts are added to
outdoor swimming pools to remove the
phosphates that algae feed on, and so
siop ihe woter from turning green.

LERIUM

ELECTRON ELEMENT

CONFIGURRTION RANKINGS

ATOMIC MASS

1LA.116

STATE AT 28°C

A grey, reactive metal.

IHERE ON ERRTH?

Found in minerals such as
hastnaesite and monazite

DANGER T0 LIFE
No known biological role. It is
moderately toxic.

SPECIAL USES
Self-cleaning ovens, sunglasses,
flat-screen TVs.

LIGHT MY FIRE

DISCOUERED IN 1863

Named after the dwarf planet and
largest asteroid, Ceres, cerium is soft
enough to be cut with a knife. It is the
most abundant of all the lanthanides
and tarnishes in air, forming a layer
on the outside not dissimilar to rust.
Cerium makes sparks and burns when
heated, making it ideal for use in
lighters. It makes fire, but it can also
fight its effects. The compound cerium
nitrate is used to prevent patients with
serious burns from getting infections.
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STATE AT 28°C

A soft, silvery metal.

WHERE ON ERRTH?

Found in minerals such as
monazite and bastnaesite.

DANGER TD LIFE

No known biological role.

Known to catch fire spontaneously
on exposure to air.

SPECIAL USES
Aircraft engines. magnets.
studio lighting, goggles.

IT'S A WAAF

/@ DISCOUERED IN 1885

Praseodymium was discovered at

the same time as neodymium., its
neighbour in the periodic table. Its
name reflects this, coming from

the Greek words prasinos, meaning
‘green’ and didymos, meaning ‘twin’.
Praseodymium is used to give glasses.
enamels and ceramics a yellow colour.
It is also a key ingredient in the carbon
arc lamps used by film studios to light
scenes when shooting a movie. Alloyed
with magnesium, it makes a strong

metal used in plane engines. BO.[K!N\ER
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LANTHANIDES

STRTE AT 2B°C

A radioactive metal.

IUHERE ON ERRTH?

Manufactured, not found
naturally on Earth}

DANGER TO LIFE
No known biological role.
It is highly toxic.

SPECIAL USES
Mainly used in research,
atomic batteries, X-rays.

LUMINDOLS FIRE

,@ DISCOUERED IN 1945

STATE AT 28°C

A silvery-white metal

IHERE ON ERRTH?

Found in minerals such as
monazite and bastnaesite

DANGER TO LIFE
No known biological role.
It has low toxicity.

SPECIAL USES
Headphones, personal stereos,
optical lasers, glass, ceramics.

SOLAR FLIGHT

() DISCOUERED IN 1878

SI0INHHLINHT

ELECTRON ELEMENT
This element is named after the Titan CONFIGURATION RANKINGS Named for the mineral samarskite,

Prometheus, who in Greek mythology which was discovered by a Russian

e

stole fire from the godsto give-te
humankind. Promethium was one of
the last lanthanides to be discovered
and is normally only created inside
a laboratory. It does occur naturally
in the Earth’s crust, but in such
vanishingly small amounts that there
is only ever 500 grams in existence
at any one time. As such it has little
use outside of-research, although it is
foufid in some-luminous paints.

miner called Colonel Vasili Samarsky-
Bykhovets, samarium became the
first element to be named after a
person. Later it was used to make the
motors of Solar Challenger, the first
solar-powered plane capable of long-
distance flights. More often you'll find
it in the samarium-cobalt magnets
used in electric guitars. Like other
lanthanides, it is also used in studio
lighting and projection.
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STATE AT 28°C

g A soft, silvery metal that
tarnishes quickly in air.

500¢

/

ELECTRON
CONFIGURRTION

RTOMIC MASS

151.964

Eu

NS

ELEMENT
RANKINGS

ELTING BOILING DENSITY
POINT POINT

IWHERE ON ERRTH?

Found in minerals such as
monazite and bastnaesite.

y/ N\ DANGER T0 LIFE

No known biological role.
It has low toxicity, but reacts violently
& / with water, so should not be ingested.

SPECIAL USES
Watches, alarm clocks, luminous
paint, low-energy light bulbs

DISCOUERED IN 1981

Originally identified from an impurity
discovered in samarium-gadolinium
concentrates, europium has since been
discovered on the Moon, in the Sun
and some other stars. It is the most
reactive of the lanthanides, quickly
oxidising in air and reacting vigorously
with water. Interestingly, not only

is the element named for Europe,

but it is coincidentally also used in
printing euro banknotes to prevent
counterfeiting. It is one of the rarest

of the rare Earth metals.

GADOLINIUM

ELECTRON ELEMENT
CONFIGURATION RANKINGS

ATOMIC MASS

157.25

MELTING . BOILING FUENSTTY
TN

STATE AT 28°C
A silvery-white metal that reacts
with oxygen and water.

IWHERE ON ERRTH?
@ Found in minerals such as
monazite and bastnaesite
P
N
\

DANGER T0 LIFE

No known biological role.
It has low toxicity.

SPECIAL USES
Nuclear reactors, magnets,
* data storage disks

DISCOUERED IN 1888

Gadolinium is obtained from gadolinite,

a mineral named for the Finnish
chemist Johan Gadolin. It’s a silvery-
white metal that tarnishes easily when
exposed to the air. Gadolinium has

a wide range of uses, from making
magnets and electronic components to
the core of nuclear reactors. Perhaps
its most important contribution to our
lives is in medical devices. It's used to
target tumours in one form of cancer
treatment and helps take the images in
X-ray and MRI machines.
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STATE AT 28°C
' A soft, silvery metal.

IHERE ON ERRTH?

Found in minerals such as
monazite and bastnaesite.

DANGER TO LIFE
No known biological role.
It has low toxicity.

SPECIAL USES
Low-energy light bulbs,
mercury lamps, laser devices.

Y-SUBMARINE

STATE AT 2B°C

0 A bright, silvery metal that
reacts quickly.

WHERE ON ERRTH?

Found in minerals such as
monazite and bastnaesite.

DANGER TO LIFE
No known biological role.
It has low toxicity.

SPECIAL USES
Wind turbines, electrical vehicles,
nuclear reactor control rods.

LLEAN ENERGY

SI0INHHLINHT

1 1O

DISCOUERED IN 18L3 I]ISEI]IIEHEI] IN 188E
ELECTRON ELEMENT
CONFIGURATION RANKINGS The second element to be discovered It took until the 1950s to fully isolate
e in the Swedish town of Ytterby, inside this silvery, metallic element. So it is
a gadolinite ore, terbium is a versatile appropfiate that its name originates
element which is malleable. ductile from the Greek word dysprositos
and reacts slowly with cold water. meaning ‘hard to get at’. Dysprosium
B 7 The control rods of nuclear submarines is often used for hybrid motors,
are made of terbium and it is also used wind turbine engines and computer
in naval sonar systems. Terbium salts storage, meaning there has been an
are sometimes used in lasers and as increase in demand for it in recent
ATOMIC MASS an anti-counterfeiting measure in bank ATOMIC MASS years. According to the United States
158.925 notes. It's also used in electric bicycles 162.5 Department of Energy, dysprosium
= TSN and magnetic glass. - PR e is the single most critical element for
POINT  POINT POINT POINT

emerging clean @hergy technologies.
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POINT POINT

ELEMENT
RANKINGS

STATE AT 2B°C

A bright, silvery metal.

YTTERBILUM

IUHERE ON ERRTH?

Found mainly in the mineral
monazite,

DANGER TO LIFE

No known biological role.
It is non-toxic.

SPECIAL USES
Portable X-ray machines,
cables, lasers.

THE UIKING

/@ DISCOUERED IN 1878

The least abundant lanthanide, thulium
occurs in small quantities in a number
of minerals. It is named.after|Thule,
the ancient name afa-region close to
modern-day Scandinavia, home of

the Vikings. Thulium is too expensive
to have many commercial uses, but
thulium lasers exist. It is also used in
imaging sensors. Thulium lasers are kL]
also used in some surgical procedures ATOMIC MASS
and the element acts as a radioactive ]?3 Ebﬁ
source in portable X-ray machines. i

ELECTRON ELEMENT
CONFIGURRTION RANKINGS

MELTING  POILING, eNsIT
BONT | AT

STATE AT 28°C

A soft, silvery metal

IHERE ON ERRTH?

Found mainly in the mineral
monazite.

DANGER TO LIFE
No known biological role.
It has low toxicity.

SPECIAL USES
Memory devices, lasers
glass.

THE MINER

(O DISCOUERED IN 1878

The town of Ytterby in Sweden is home
to an infamous mine in which many
elements were discovered. Ytterbium
is named after it. The ores in which
the elements were discovered were
donated to chemists by the miners who
worked there. Ytterbium atomic clocks
are incredibly accurate timekeepers.
They ‘tick’ 518 trillion times each
second and could operate for as long
as the Universe has been around -
nearly 14 billion years — before they
lost a second of time.
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STATE AT 2B°C

A heavy, silvery-grey metal. u s M I u M

IHERE ON ERRTH?
Not found in mineable minerals

Q\ER BONN\E but in the Earth's,érist|
DANGER TO LIFE

No known biological role.
Exposure may cause respiratory @

problems and skin irritation. us \
SPECIAL USES
. '. Oven filaments, X-ray machines,

turbine blades.

TRANSITION METALS
STHLIW NDILISNHHL

MR INDISIBLE

DISCOUERED IN 1825
ELECTRIN ELEMENT

Chemically similar to manganese and CONFIGLRATION RANKINGS
technetium, rhenium was one of the

05 Tl\E last elgments to be discovered with a
stable isotope. It took-several attempts
to find it after Mendeleev predicted its
existence, so in some ways it can be
thought of as ‘the invisible element’.
It takes its name from the Rhine,
the second longest river in Western
Europe. It is used in jet engine blades ATOMIC MASS

and nozzles. -Ignzz ‘
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STATE AT 28°C
A yellow, soft, unreactive
metal.

IUHERE ON ERRTH?
Found in seawater and mined
from mineral dsposils

7 N

DRANGER T0 LIFE

No known biological role.
It is non-toxic.

SPECIAL USES
Jewellery, bullion, dental fillings,
money, artificial limb joints.

DISCOUERED IN ANCIENT TIMES

One of the most desirable metals, gold
is a rare, naturally-occurring element
with extremely dense anc 'argety
unreactive properties. Goia has been
known since antiquity, with accounts
of its usage documented across many
civilisations. It is frequently associated
with royalty and wealth. It is thought
all gold on Earth was deposited via
meteorites, and much of it sunk to

our planet’s core during its early
formation. Its symbol — Au — comes
frorm guram, the Latin word for gold.

ELECTRON ELEMENT

CONFIGURATION RANKINGS

RTIMIC MASS T

Z08.592

MELTING - PUILTN
I UL

STHTE AT 2B°C

A liquid, silvery metal.

LUHERE ON ERRTH?
und in cinnabar ores
ercury sulfide).

DANGER T0 LIFE

No known biological role.
It is toxic in high doses.

SPECIAL USES

Its use is slowly being phased
out due to its high toxicity.

BQNN\ER

TOXIC LEVELS

,Q DISCOUERED IN ANCIENT TIMES

Mercury is the only metal liquid at
standard temperature, the result of

BONNI

in its atomic make-
; mgﬁuctor of heat, mercébHN‘

withstand high temperatures, making
it ideally suited for thermometers. Its
high levels of toxicity mean that its
usage for consumer products is being
phased out, although it is useful for
many things including insecticides,
wood preservatives and fluorescent
light bulbs. Mercury is n, after

the Roman m NNfE
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STATE AT 28°C
A soft, silvery-white metal
that tarnishes easily in air.

ELECTRON
CONFIGURATION

ATOMIC MASS

2838

ELEMENT
RANKINGS

HELTING  BOILING  DENSITY
POINT POINT

IHERE ON ERRTH?
Found in several ores such gs
pyrites and,omtheldegdn:floot.

DANGER TO LIFE
No known biological role.
It is very toxic.

SPECIAL USES

Limited use due to its toxicity.

NIGHT GOGGLES

,@ DISCOUERED IN 18E1

Thallium is named after the Greek
word thallos, meaning ‘green shoot’
or ‘twig’. When electrans inglthalium
atom drop down totatewer shell

they give off a characteristic green
light. Thallium has a low melting
point, making it ideal for special
glass and highly reflective lenses.

It's particularly good for infrared
optics. However, it's extremely toxic to
humans and can cause fatal thallium
poisoning. At.ope point it was also
used)dsinot peison and ant killer.

ELECTRON
CONFIGURRTION

ATONIE MASS
287.2

ELEMENT
RANKINGS

it in g

STATE AT 28°C
A dull, silvery-grey metal.

IHERE ON ERRTH?

DANGER TO LIFE
No known biological role.
It is toxic and carcinogenic.

SPECIAL USES

Car batteries, weight belts for
diving, pigments, ammunition

NUEEN OF LERD

DISCOUERED IN ANCIENT TIMES

We've known about this soft, malleable
and dull metal since antiquity. Some of
the earliest lead artefacts date back
over 8,000 years. It was known to the
Romans by the Latin word p/lumbum,
meaning ‘liquid silver’, from which the
element’s symbol (Pb) and the word
‘plumbing’ originate. Unfortunately, we
haven't always been aware of lead’s
toxic attributes. It is widely believed to
have contributed to the death of Queen
Elizabeth I, who used a fashionable
lead-based white powder as makeup.

Found mainly in the mineral galena.

STHIIW NOILISNHH1-150d
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STATE AT 28°C
A silvery-grey, radioactive
semi-metal.

IHERE ON ERRTH?

Found in uranium ores, it is a
very rare natural element.

DANGER TO LIFE
No known biological role.
It is radioactive and highly toxic.

SPECIAL USES
Antistatic devices, space
equipment, research.

MARS ROUER

,@ DISCOUERED IN 1838

Named after Poland, polonium is
highly unstable, radioactive and toxic.
An amount less than the size of a full
stop contains more than 3,000 times
the lethal dosage for humans. In 2006
a former Russian spy called Alexander
Litvinenko was murdered by secret
agents using polonium. Polonium is
also found in tobacco smoke, just one
of the reasons smoking is dangerous.
Polonium is safe to use in space far
from any people and is used to heat
lunar and Mars rovers.
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ASTATINE

ELECTRON ELEMENT

CONFIGURATION RANKINGS

ATOMIC MASS

21

[BELTING  BOILING  DENSITY
WOINT  POINT

STHTE AT 2B°C
A radioactive element,
not seen by the naked eye.

IHERE ON ERRTH?

The rarest naturally occurring
element in the Earth's crust

DANGER TO LIFE ya

No known biological role.
It is radioactive and highly toxic.

SPECIAL USES - H" -

No uses outside of scientific

DERDLY OGRE

DISCOUERED IN 19LA
ELECTRON ELEMENT

Dangerously radioactive, astatine has CONFIGLURATION RANKINGS
no uses outside of scientific research
and to this day very little is known
about it. It is the rarest naturally-
occurring element in the Earth’s
crust. Even the most stable of its 39
isotopes has a half-life of just eight
hours. Mendeleev speculated about its
existence when he began creating his
version of the periodic table and it's ATOMIC MASS
only from its position in the table that 222

we can guess ot its properties. TR s
BINT ROINT

STATE AT 28°C

A colourless and odourless gas.

WHERE ON ERRTH?

Naturally produced from the decuy
Gf elements in the Earth” Y N

DANGER TO LIFE
No known biological role.
It is highly toxic.

SPECIAL USES

Limited use due to its radioactivity.

HOT WATER

,Q DISCOUERED IN 1988

Radon is a naturally occurring, highly
toxic and radioactive gas produced
g5 f Phelduct of decaying elemeatsy

>\ the Earth’s crust, including radhten’

uranium and thorium. It has even been
found in groundwater and hot springs.
Radon is considered a major health
hazard - in the USA alone 21,000
deaths per year are attributed to

lung cancer brought on by exposure
to radon. That said, used in the right
way, it can also be an effectiye cancer
treatment as padidinerapy-

S1SHT 1180N
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STATE AT 28°C

A silvery, radioactive metal.

IHERE ON ERRTH?

Found in the minerals thorite,
thorianite and monazite.

DANGER TO LIFE
No known biological role.
It is radioactive and highly toxic.

SPECIAL USES
Nuclear power, high-quality
camera lenses.

GREAT GODS

/O DISCOUERED IN 1829

Named after Thor, the Norse god of
war and thunder, thorium is used as a
nuclear power source as it is slightly
radioactive. The half-life of its most
common form is about the same as
the age of the Universe. When used as
an alloying agent, thorium gives other
metals great strength and increased
resistance to high temperatures. It
can be found in trace amounts in most
rocks and soils.
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WHERE ON ERRTH?

Trace amounts found in
uranium ores.

STATE AT 28°C
g A silvery metallic radioactive
metal.

DANGER T0 LIFE
No known biological role.
It is radioactive and highly toxic.

SPECIAL USES

Limited use outside of research.

FIRE STHRTER

DISCOUERED IN 1918

Named after the planet Neptune,
this radioactive metal is capable of
spontaneously catching fire at room
temperature. It's the first so-called
transuranic element — those with
atomic numbers higher than uranium.
As a general rule, transuranic
elements are radioactive, rare or
absent in nature and have half-lifes
shorter than the age of the Earth
(4.56 billion years). Neptunium is

a by-product of americium decay,
which is found in smoke detectors.

STATE AT 28°C

A silvery, radioactive metal.

IHERE ON ERRTH?

Manufactured by the irradiation
of uranium in nuclear reactors.

DANGER TO LIFE
No known biological role.
It is radioactive and highly toxic.

SPECIAL USES
Nuclear weapons, nuclear power,
space fuel.

ROBOT FUEL

i@ DISCOUERED IN 19t

Named after Pluto, plutonium was
found ten years after the dwarf planet
was discovered in 1930. Its space-
themed name is very apt because
plutonium is now used as a radioactive
fuel source for robotic spacecraft,
including NASA’s New Horizons mission
that visited Pluto in 2015. In the past,
it was also used in the development of
nuclear power and in the atomic bomb
dropped on the Japanese city of
Nagasaki in August 1945.
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STATE AT 28°C

A radioactive metal.

IUHERE ON ERRTH?

Manufactured by neutron
bombardment of plutonium-239.

DANGER T0 LIFE
No known biological role.
It is radioactive and highly toxic.

SPECIAL USES

Portable metal detectors.

GO CALIFORNIA!

,@ DISCOUERED IN 1958

Also discovered at Berkeley, californium
is an extremely radioactive element.

It is very good at producing neutrons.

A single gram of californium produces
two trillion neutrons a second. Neutrons
from californium have been used in the
treatment of cervical and brain cancers.
Californium-produced neutrons are also
fired at aircraft to search for any defects
or damage that could pose a safety
threat. Californium has to be handled
very carefully as it can affect the body’s
ability to make red blood cells.




ACTINIDES

STATE AT 2B°C

EINSTEINILM FERMILM

IUHERE ON ERRTH?

Manufactured by bombardment

of plutoniugdnaideledfranctor. (}
DANGER TO LIFE

No known biologic

It is radioactive and h Fm

Es
TOP SECRET THREE DIGITS

/@ DISCOUERED IN 1952 DISCOUERED IN 1953
ELECTRON ELEMENT ELECTRON ELEMENT
CONFIGLRATION RRNHKINGS Einsteinium was discovered in 1952 and CONFIGURRTION RAANKINGS We're now into the elements with three-

STATE AT 28°C

A radioactive metal.

IHERE ON ERRTH?

Manufactured by bombardment of
plutonium in a nuclear reactor.

DANGER TO LIFE
No known biological role.
It is radioactive and highly toxic.

S
A

SPECIAL USES
No uses outside of scientific
research.

SIOINILIH

21 l@

named in honour of Albert Einstein, but
its discovery was kept.seenet Wi f{iz1955
due to the Cold WaR%Was originally
discovered amongst the debris left over
from a hydrogen bomb test and has

no use outside of scientific research.
Extremely radioactive, only a few
milligrams of this substance are made
each year. Its decay creates so much
energy that a sample of einsteinium
emits a visible @low.

digit atomic numbers! Fermium was
discovered in 1953 at the Lawrence
Berkeley National Laboratory. It

takes its name from Italian physicist
Enrico Fermi, a Nobel prize winner
who designed the world’s first nuclear
reactor. He died the year that the
discovery was made public. Such small
amounts of the element have been
produced that very little is known about
it other than it is highly radioactive and
has a very short half-life.
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STATE AT 28°C

A radioactive metal.

MENDELEDIUM

IHERE ON ERRTH?

Manufactured by bombarding
curium with carbon.

DANGER TO LIFE
No known biological role.
It is radioactive and highly toxic.

SPECIAL USES

No uses outside of scientific
research.

NOT S0 JOLLY

/@ DISCOUERED IN 1363

Nobelium is named after the Swedish
scientist Alfred Nobel, creator of the
Nobel prizes and inventor of dynamite.
The Joint Institute of Nuclear Research
in Russia is officially credited with its
discovery in 1963, although this has
been disputed by several research
teams. Nobelium’s most stable isotope
has a half-life of just 58 minutes.
Firing three trillion carbon-12 atoms a
second at a target of californium-249
TS o) for ten minutes produces around 1,000
%@E\%‘%’J&M nobelium-255 atoms.

ELECTRON ELEMENT
CONFIGURRTION RANKINGS

RTOMIC MASS

Pl

HMELTING BOILING DENSITY
POINT POINT
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LAWRENCIUM | O ===

ACTINIDES

STRTE AT 2B°C

IUHERE ON ERRTH?

Manufactured by bombarding
californium with haron.

DRANGER TO LIFE

No known biological role.

SPECIAL USES
No uses outside of scientific
research.

LYCLOTRONIC

DISCOUERED IN 1965

ELECTRON
Lawrencium is named after American CONFIGURATION
nuclear physicist Ernest Lawrence, the
inventor of the cyclotron - o piece of
scientific equipment instrumental in
the discovery of many of the heaviest
elements in the periodic table.
Lawrencium was discovered three years
after his death and is the final member
of the actinide series. Its most stable

STATE AT 28°C

RUTHERFORDIUM O R

WHERE ON ERRTH?

Manufactured by bombarding
californium-249 with carbon-12;

DANGER T0 LIFE

No known biological role.

SPECIAL USES
Limited use outside of scientific
research.

ATOM FINDER
’Q DISCOUERED IN 1964

Rutherfordium is named after New
Zealand-born physicist Ernest
Rutherford; one of the first scientists,
to explain the structure of atoms. Joint
credit has been given to American
and Russian teams for its discovery.
The Russians had suggested the name
kurchatovium, after their former

head of Soviet nuclear research, Igor

STHLIIW NOILISNHHL

o
@)

isotope is lawrencium-266, which has a RATOMIC MASS Kurchatov. However, rutherfordium
half-life of eleven hours. There has been 257 eventually won out. It has few practical
T TG Lo, a heated debate about whether it was 3 0T uses beyond scientific research.
SHHE T discovered in the USA or Russia. | W :
183 18k
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TRANSITION METALS

ELECTRON

CONFIGURRTION

RTOMIC MASS

2

THE PERIIDIC
CHARTS

PELTING BOILING  DENSITY
OINT POINT

|2 stable confirmed iwmﬂf—
life of just one min| original

STHTE AT 2B°C

A highly radioactive metal.

WWHERE ON ERRTH?
Manufactured by bombur
blsmuth ﬁlm

DANGER TII LIFE <

No known biological role. “ et

SPECIAL USES -3 Hs 3
No uses outside of scientific
research.

BONNIER BON

TYPICAL STUFF N

IlISl:IlIlEHEIl IN 1381

Named after the influential Danish
physicist Niels Bohr, bohrium’s most

ELECTRON ELEMENT
CONFIGURRTION RANKINGS

suggestion for the element’s name
was nielsbohrium, but that was later
shortened to bohrium because the first
names of other scientists don't appear
in the periodic table. Its most stable
isotope — bohrium-278 - has a half-life

RTOMIC MASS
of just 1.3 hours. 7250

BONNIER T HER

IUHERE ON ERRTH?

STATE AT 28°C
A highly radioactive metal
7
Manufactured by bombarding
! A ead with iron atoms
DANGER T0 LIFE

No known biological role.

SPECIAL USES
No uses outside of scientific
research.

HEAUY RESERRCH

DISCOUERED IN 198k

Hassium was named for the German
state Hesse, which in Latin is Hassia.
That's the tocation of the GSI Helmho!tz
Centre for Heavy lon Research, a
facility where hassium was discovered
alongside bohrium, meitnerium,
darmstadtium, roentgenium and
copernicium. So far we've been able
to establish that hassium behaves
similarly to osmium, the element that
sits above it in Group 8 of the periodic
table. It has no stable isotopes and is
still being investigated by scientists.

STHLIIW NOILISNHHL
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Element 119

From the outside it looks like a pretty average
building nestled between the birch trees of Dubna,
a town 125 kilometres north of Moscow, Russia.
Yet what's happening inside its walls is
remarkoble. it is as this $60 million Superheavy
tlement Factory that the periodic toble could
get its next additions. Six machines are
hunt for elements 119 and 120 by smash
atoms into heavy ones using a giant magl
weighs a thousand tonnes. The machine — called
a cyclotron — produces six trillion atoms a second.

The facility is run by Yuri Oqonessian. v
element found so for. The discovery of Ogane

period of the periodic table. If he helps find any more then we'll hd
start an eighth row. The last time a new row was needed was after

the discovery of uranium in 1789. Discoveries like
these don't come around every day.

However, what they're trying to do is far from easy.
Element 118 was found by firing calcium-48
(with 20 protons) at californium (with 98). To
doithe sama o discover the next element
would require a lot of einsteinium (with

99 protons), but there’s simply not

enough of it in existence. So

scientists at the Superheavy

Element Factory are trying

something new instead — firing

titanium-50 (22 protons) at

berkelium (97 protons) and

californium in the hunt for

elements 119 and 120.

The Island of Stability

We have come a long way since the ancient days when we made our first
steps on the long road to becoming masters of the extraordinary elements.
Today. elements completely unknown to our ancestors are used inside
technology that would have seemed like magic to them. Imagine giving a
cave-parson a smartphone or taking an iron-age settler on an aeroplane

Our technological journey hasn't been without
its drawbacks. Our constant consumption
of the latest must-have gadgets is fast
becoming a crisis. The Earth's natural supply
of elements is running out. Burning fossil fuels
— ancient elements trapped underground — is
producing so much carbon dioxide that the
planet is rapidly warming vp.



The Elements and You Elemental Dlympics

You have a lot in common with the world around you, even if you don't realise it. The human body We've seen in this book how each element has their own individual characteristics
is made up of 34 different elements, many of which you'll find in everyday objects. and personality. Here's a visual roundup of some of the most memorable comparisons.
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acid - a chemical that when
dissolved in.water easily
provides hydrogen ions.
atom - a tiny particle which
makes up everything around
you.

atomic mass - the average
mass of an atom.

atomic number - the
number of protons inside the
nucleus of an atom.

boiling point - the
temperature at which a liquid
becomes a gas.

bond - the way in which
atoms stick together to form a
substance,

L

chemical - any substance
that has been produced by
changing atoms or molecules.
chemical reaction - a
process in which the structure
of a substance is changed.
chemical symbol -
abbreviation of a chemical

EI.I]SSHHY

element, represented as a
one- or two-letter symbol.
compound — a molecule
composed of two or more
separate elements.
covalent bond - a chemical
bond where electrons are
shared between two atoms.

D

density — a measure of mass,
per unit of volume.

DNA - deoxyrlbonucle:c a<:|d
this is a molecul

gas - a state of matter where
the particles do not.touch
each other;

group — a vertical column on
the periodic table.

half-life — the time required
for half the atoms in an
isotope to change.

ionic bond - chemical link

genetic information about a
living thing.

electron - a negatively
charged particle-that travels
around the nucleus of an
atom.

element - a pure substance
made up of a single type of
atom.

F

of

b atoms caused by
electrostatic force between
opposite charged ions.
isotope — an atom with the
same number of protons and
electrons, but a different
number of neutrons.

L

liquid - a state of matter

with a definite volume but not
a definite shape.

—able to be

being easily ignit;d‘

e« 09

shaped or molded.

mass - the amount of matter
a substance contains.
melting point - temperature
at which a solid becomes a
liquid.

mole — a unit of chemical
mass equal to 6.022 x 102
molecules or atoms.

neutron - a particle without.
electrical charge found'in‘the
atomic nucleus.

nucleus - the positively
charged centre of an atom,
made from protons and
neutrons.

p
period — a horizontal row of
the periodic table.

periodic table - the
arrangement of elements by
increasing atomic number.

PH - measure of the

proton - a particle with a
positive electrical charge
found in the'atomic nucleus.

radiation — the transfer of
energy through waves, or
moving particles.
radioactivity — the emission
of radiation when atoms are
broken apart.

reactant — a molecule
involved in a chemical
reaction.

reaction - a chemical change
that forms new substances.
room temperature —

a temperature that is
comfortable for humans,
generally around 20°C.

solid — a state of matter
with a definitive shape and
volume.

— a mixture of two

hydrogen ion ation,
reflecting how acidic or basic
a solution is.

Leoo

or more substances.
spectroscopy - the study
of light split into colours

o

to determine the chemical
composition of objects.
spectrum - the range of
colours of electromagnetic
radiation emitted by an
object.

T

theory - a well-established
set of scientific principles that
explain a phenomenom.

unit - a standard of
measurement.

vacuum - a volume
containing little or no matter.
vapour - a condensable gos.

volume - the space occupied
by a solid, liquid, or gas.

Y

yoctosecond - one
yoctosecond is a trillionth of a
trillionth of a second).
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actinides x, xi, 89-103
actinium 89
alchemy viii

alkali earth metals xi,
4,12, 20, 38, 56, 88

alkali metals xi, 3, 11,
19, 37, 55, 87

aluminium 13, 113
americium viii, 95
antimony 51

argon 18

arsenic 33

astatine 85

atomic number iii, xi

atoms|iii.-vi. viii, x,
115,116

barium 56
berkelium 97, 111
beryllium 4
bismuth vi, 83
bohrium 107

boiling point xii, 114,

TR ATYLY

bombardment viii, x
bonding 115

boron 5

bromine vi, 35
cadmium 48

caesium vi, viii, 55
calcium 20, 111, 113
californium 98, 111, 114
carbon 6, 113

cerium 58

chemical equations 116
chemical properties xii
chemical reactions 116
chlorine vi, 17
chromium 24

cobalt 27

copernicium 110
copper 29

covalent bonding 115
curium viii, 96
darmstadtium 110
density xii

discovery of the
elements vii-ix

dubnium 105
dysprosium 66
einsteinium viii, 99, 111

electrons i, ii, viii, x,
xii, 115

elements 119 and 120

erbium 68
europium 63
fermium 100
flerovium 110
fluorine vi,’9
francium vi, 87, 114
gadolinium 64
gallium vi, 31

gases vi, viii, xii, 116
germanium 32

gold ii, vii, 79, 113
groups X, Xii
hafnium 72

half-life vi, 85, 90, 93,
102, 103, 107, 114

halogens xi, 9, 17, 35,
53, 85

hassium 108
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heavy elements ix, X,
109-110, 111

helium iii, vi, viii, 2, 114
holmium 67

human body, elements
in'the 113

hydrogen vi, vii, xi, 1,
113, 114, 116

indium 49

iodine 53

ionic bonding 115
iridium 77

iron vii, 26, 113
Island of Stability 112
krypton 36
lanthanides x, xi, 57-71
lanthanum 57
lawrencium 103

lead vii. 82

letter symbols x
liquids vi, viii, xii, 116
lithium 3,113
livermorium 110
lutetium 71

magnesium 12

®
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manganese 25

mass 116

mass number iii, vi
meitnerium 110,
melting point x
Mendeleev, Dmitri ix,
xi, 21, 43, 72, 75, 85,
101

mendelevium viii, 101
mercury vi, 80

metalloids xi, 5, 14,

32-33, 51-52

molybdenum 42
moscovium 110
neodymium 60
neon 10
neptunium 93
neutrons, iifi; xii
nickel 28

nihonium 110
niobium 41

nitrogen vi, viii, 7, 113

nobelium 102

noble gases vi, xi, 2,
10. 18, 36, 54, 86

°
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non-metals xi, 1, 6-8,

15-16, 34

nucleus i, i

oganesson ix, xi, 110,
11,114

osmium 76

oxygen ii, vi, viii, 8,
113, 116

palladium 46
periodic table ix-xi
periods x, xii, 111
phosphorus viiiy15
ptatinum 78
plutonium 94
polonium 84

post transition metals
xi, 13, 31, 49-50,
81-84

potassium 19, 113
praseodymium 59
prehistoric times vii
promethium 61
protactinium 91

protons i, ii, iii, x, xii,
11

radioactive decay vi,
71,91, 92, 99

o

radioactivity vi, xii, 43,
75, 84, 85, 86, 87, 88,
89, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99, 100,
101,102, 103, 104,
105, 106, 107, 108, 113
Fadium 88

radon 86

rhenium 75

rhodium 45
roentgenium 110
rubidium vi, viii, 37
ruthenium 44
rutherfordium 104
samarium 62

scandium 21
seaborgium 106
selenium 34

shells ii--viii, x, xii, 115
silicon 14

silver 47

sodium 11

solids vi, xii, 116

spectroscopy viii
strontium 38

sulphur 16

tantalum 73
technetium 43
tellurium 52, 114
tennessine ix, 110
terbium 65

thallium 81

thorium 90

thulium 69

tin vii, 50

titanium 22, 111, 113

transition metals xi,

21-30, 39-48, 72-80,

104-108

tungsten 74, 113, 114
uranium 92, 111
vanadium 23

xenon 54

ytterbium 70

yttrium 39

zinc vii, 30

zirconium 40
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A UISUAL EXPLORATION OF PHYSICS,
SOUND, LIGHT, AND SPACE
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