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The secret lies in wh mokes 1 all work. Nature has an unseen

- X .
T h E Ex t '1 a u r‘ d I n a "I u cookbook full of recipes for muking everything you've ever
E l t ¢ encountered, from fish to fingernails, sand to Saturn. But whot

them ELEMENTS and we currently
The Universe is an extraordinary place filled with . -

ore the ingredients? Scient

of 118 different ones, Sor have heoard of, ke iron

n differeat ways to moke different

awe and ¥ der. Stars twinkle, flowers bloom

combing oxygen, hydrogen

and animals run, fly and swim as we humans Qo - T nitrogen. irom and carbon to co around your body

r busy lives. Yet even the most ordinary

have a hidden beouty deep within

plity of its own, behaving This is the story of the extroordinory elements
2 unique way that mokes it distinct from every Welcome 10 the world of chemistry!
other. It hos laken centuries of effort by sclentists ’
around the worid 10 uncover them ol gn soentists '
.

ROve gone 1O great lengths to find O new slement "
one wos discovered by bollng urine (poge 37), while ) -+
others only appedred once we hod huge mochines . i
10 smosh porticles together ot close 1o the speed of > ' d ‘
ght (page 75). All of them ore speciol ond we use . . - - - . ‘ ‘
mony of them every doy without even reclising ¥ - . - — -

-
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The number of protons an atom has s really importont
Scientists coll this the ATOMIC NUMBER. i every otom in a materiol
has the same otomic number then we coll it an element. A bor of

gokd weighing 12.4 kilograms for example, is made up of 38 trillion
trillion atoms and eoch and every one has 7S protons in it If you
had the same number of atoms but with 47 protons in each atom
then you would have o bor of silver instead, Today. scientists know
of elemants with otomic numbers from 1 cll the way up to 118

If @ MOLECULE, o small group of atoms,
is made of more than one element
then the material is called o CONPOUEND.
For example. you breathe out carbon
dioxide (CO,) - 0 compound mode of
one ctom of carbon linked to two atoms
of oxygen. The same compound |s taken
in by plants

2
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Let's Talk
Chemistry

Scientists who study the elements and the
way they behove ond co-opercte to form new
substances ore called CHEMISTS. The subject
they study is known as chemistry.

A ot of chemistry boils down 10 the electrons
whizzing oround inside atoms. All atoms hove
o nucleus at their centre, which is surrcunded
by rings called shelis, i is inside these shells
thot we find ELECTRONS - tiny, negatively-
charged particies orbiting around the
nucleus at impossible speeds. foch shel

can only hold @ certain number of electrons
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OMITRI MENDELEED soon stepped in to continue investigotions

14

In 1869, the Russian chemist hod o dream in which he saw the
elements orranged inte o toble according to patterns In thelr
behaviour. As these behaviours repeot periodically (in o regulor
way). it became known as THE PERIDDIC TRELE. Mendeleev woke from
his dream and hostily scribbled down the first ever periodic table on
a plece of poper. It contained oll 63 elements known ot the time

Have you ever been to the 200? It's omazing to
see oll the creatures that make up the animal
kingdom ond the differences in the way they look
and behave. Over centuries of study. biologists
have worked out how the animals fit into groups.
Lions and tigers are both members of the cat
fomily. Horses and zebras belong together too.

Ml

7 One of the clever things about

Meondeleev's 1able s that it hoo

~
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MENDELEEU'S PERIGODIC TRBLE, 1869

gops. Observing the potterns
he correclly guessed that new
; As chemists begon to find new elements in the 16005 they elements yot 1o be discovered
Qlso storied 1o put them inlo groups bosed on properties belonged in these spaces. It was

they hod in common. By the 15605 more thon 50 ¢lemonts

even poss:die 1o predict theur
hod been discovered and the English chemist JOEN NEWLANDS properties based on their positios
spotted a pottern If you organised the known elements n the repoating pattern. Late
by atomic number then every eighth one shared the elements germonium. golliumn
similar properties, just like the eighth note of an octove ond scondium were found

n music. This became known os TRE LAW OF DCTRUES

ond the gaps were hilled |




Organising the Elements

The PERIODIC TRBLE today contains the 118 elements
scientists know of so far. The table organises the

elements into a grid and the different sections
tell us more about how each element behaves.
Each square represents one element. The colours of
the squares show elements with similar properties.
For example, the green squares show the metalloids

Each element’s square Is pocked full of
information about the element, including
its chemical symbel (centre) ond
atomic number (top lefY). Some versions
als0 show the otomic weight and even

the number of electrons in each shell

surrounding the element's nucieus

i ] ]
3 Vertical columns in the toble ore The weight of the atom
: colled GROUPS They stort with group increases as you move down -
) & 1 on the far left ond end with group 3 6 group from top to bottom (&
. : 18 on the far right, The glements in ¢ . A " s " "~ 2
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3 i e . ' 5 6 7 15 [ 10
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The Big Bang -

In the beginning there were no elements at all. Qur
Universe exploded into existence in a sea of
energy nearly 14 billion years ago in an event
called THE BIGE BANGB. In the first millionth of a
second, some of thatenergy was turned into protons
and electrons. For the first time. the ingredients for
hydrogen (H) - the earliest element - existed.

When the Universe wos just three minutes old

protons started bumping Into each other and
sticking together In a process called FUSIEN. The
next three elements were mode: Helium (He), ond
tiny omounts of Kthium (Li) ond beryllium (Be). Fusion
stopped 20 minutes after the Big Bong ond no new
eloments were made for o long time. The Universe was
now 75 per cent hydrogen and 25 per cent helium

Alter the Initial 17-minute burst of fusion .
following the Big Bang, it was hundreds of millons
of yeors before any of the other elements of the
periodic table began 1o oppecr. The Universe
kept exponding ond getting cooler, meaning there
wos less ond less energy in each piece of spoce

It would take something remarkoble 1o turn the
Universe into on element-moking foctory ogoin:
the birth of the very first stors.

All of the findings made by ostronomers and scientists up until mow tell

us the Big Bang happened ~ bet it remains o theory ond theories need
evidence 1o bock them up. The percentages of the first two elements,
hydrogen ond helium, ore an excelleat test, If astronomers found o
Universe with hugely different amoumts of hydrogen and helium. it would
make them doubt whether the Big Bong really happened. Yet, when we
look around the Universe we see thot it is still mostly 75 per cent hydrogen
and 25 per cent belium. This is almost exoctly whot the Sun consists of 1o




The Stardust
That Made ls

Stars are colossal balls of hot material
shining brightly in space. Today. we
estimate there are neorly one septillion
stars (one with 24 zeroes after it) in the
Universe. However. the very first stars
only lit up the cosmos a few hundred
million years ofter the Big-Bang.

Stors contain so much stuff that grovity crushes

in on thelr cores with on unimaginoble force

These conditions ore periect for fusion ~ the some
procaess that turned hydrogen into helium just
after the Big Bang (poge 18), Turning hydrogen
Into helium is exoctly what most stors do. The
enerQy fusion creates pushes bock against gravity,
making sure the star doesa’t collopse in on (tsell

Stars 1.5 times more massive than the Sun
primorily fuse hydrogen Into hellum through six
steps using carbon (C). nitrogen (N) and oxygen
(0): Astronomers call this the CNI CYCLE ond
German physicists CBAL FRIEDRICH UON WEIZSACKER
ond HINS BETRE proposed Its secrets inm the 19304,
Most of the carbon and nitrogen in the Universe
wos mode inside the core of stors as they grew old
In fact, the four most abundont elements in your
body (oxygen, carbon, hydrogen and nitrogen)
wore all made inside huge stor axplosions.
maeaning you org very much mode of stardust.

Bnn"“ nny The mest energetic form of light.
0 NEUIHINU Timy particles with o neutral charge




— it There is another explosive way that stars con make new
u u I “ g S t a r‘ s ) elements. When our Sun eventuolly dies, its core will
become a WHITE DWARF - a super-dense Earth-sized
object mostly made of carbon (C). The gravitotional
pull of a white dwarf is 30 strong thot it con steal material
from o nearby stor, making itsell heavier and heavier.

Dying stars are the ultimate element-maoking SUN
machines. They play a big part in creating o
whole host of other elements including lithium,

barium. tin. mercury. cadmium and strontium.

Stors begin to die when their fuel
rans out ond fusion stops. The most
massive stors run out of fuel within
ten million years, When fusion stops,
gravity wins ond the star’s core
collopses. sending o huge shockwave
surging out through the rest of the
star. it is so powerful thot it tears the
star aport in o viclent explosion
colled o SUPEANDUA. Mony fomilor
eslements, including exygen (0). neon
(Ne). cluminiam (Al), chiorine (CI)
sodium (Na) ond magnesium (Mg).
were moade inside exploding stors

Eventually the white dwarf gets 30 heavy
thot it olso explodes. Most of the Universe's
titandum (T1). lron (Fe). nickel (NI) ond
copper (Cu) wos mode during white dwarl
detonations. But stors much bigger than
the Sum leave behind something evea more
exotic when they die: a neutron star.

The force of a supermova
sends material Rying
ocross the Universe, which *

mixes with elements from
other deod stars to form
glant douds called
NEBULRE. When nebuloe 2
become too heavy, they .

coliopse to form new . 3
stors ond solor systems, ¥ NEABEY STAR




Star Sparkle

Neutron stars are so extreme it's difficult to
contemplate - they have some of the strongest
gravitational and magnetic fields in the Universe.
Imagine crushing half of the Sun (which could fit
1.3 million Earths inside it) down into a ball the
size of London or Paris. A neutron star is so heavy
that a single teaspoon of its materiol weighs more
than every person on Earth put together. It spins
hundreds of times every second and is so highly
magnetised thot it spits beams of energy from
its poles. That's why astronomers semetimes
refer to them as the Universe's lighthouses

N

Gold is prized for its ottroctive colour and
shininess. i 5 also the most MRLLERBLE of ol
the metals - that means it is easy to shope
Into different things. from neckloces and
eornings 10 beacelets ond rings. But like oll
precious metals, gold is rore. The totel amount
of gold in the world, het including any yet 1o
be found. i3 neorly 200,000 tonnes. It would
ofl il inside o 21 -metre cube.

Precious metals are often used to moke jewellery
It you own anything mode of these elements
then you are hoiding the smashed up pioces of

colliding nautron stors in the paim of your hand

Maybe you are wondering why giamond
doesn't oppear on the perodic table? Diamond
is octuolly o form of highly compressed corbon
(C). In 2074, scientists discovered what they
believe to be the coldest white dwarf stor ever
studied. Ms corbon contre had crystallised
forming o diamond the size of Earth




predicted (see p15) but tists struggled
decades to find it. Then, in 1937, CRRLD PEARIER
ond EMILID SEGRE ated it by finng tiny particles
called DEGTERONS lement molybdenum (Mo
agtomic numbe s it was the element to be
1d Using technology. it was colied technetium
(Tc), Other elements, Inc uding neptunium (Np)
plu ium (Py) and amencium (Am). are made

g similar way nside nudecr reoctors




Caesium ploys ¢ cruciol role i your
everyday e as @ very accurote
timekeeper. Coesum clocks are used
to keep time in mobile phones and
GPS sotel Withoul coesium, you
would get lest much more often!

-
-
-
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= Berylliam (Be) gets its pame from the The element is particularly good for making the
a ' n E a rt E t a S ; neral beryl. which we've been using mirrors that ore used in weother satellites ond spoce

he doys of ent Eqypt ! i In spoce, temperotures can change from

The second column of the periodic table is to make gemstones Including emeralds very quickly, cousing mirrors to expand and
home to six shiny, silvery-white elements \ CHTACE SOy UM SNTes SXPand Gng Cgaracsvely

E Nttie. and 50 keep their shape betlter than glass ones
known collectively as the RLKALINE ERRTH ’

METHLS. Some are vital to your existence -

such as the calcium found in your bones - but,
like their neighbours the alkali metals, others are
downright dangerous.

Ragium (Ro) was famously discovered by MARIE CHRIE and gets its name trom the
rays it roleases It is highy RRBIDAZTIVE. meanng it releases energy viae rediation
that is harmful to humans We didn't always know that. though. Around 100

? _;\' years 0o we odded it t0 1cothpaste. hair creams and even food' Radium was olso
H once used to moke the hands on wolches glow in the dork

N =NN

There are only eight elements more abundont in the Universe than magnesium (Mg)
Q g On Ecrth, you'll find o jot of this element in seawater IT's an essential ingredient

;
highly energised particles from space called

COSMIC RAYS

needed by every cell in your body to make them function properly. Plants olso need
it to moke CHLORDPREYLL - =e green pigment important in photosynthesis.




Transition Metals

st coliection o sments in the periodic

g third of the table. They are | vn Qs
TRANSITION METALS. This group of
elements are all very hard, with high
melting points and boiling points. Tungsten

W). for example. | pptionall

<ty
ANy SU
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Post-Transition
Metals

To the right of the transition metals you will find
a group known as the POST-TRANSITION

METALS. They go by other names. too, including
'‘poor metals’. They are softer than the
transition metals, and often have lower
melting and boiling points. Gallium (Ga) for
example, would melt in your hond.

Leod (PD) is by for the most fomous of
the posi-tronsition metals, and s used

many different ways. Inthe 1500s Mokeup made of lpcd may
the English monarch Quaeen Elizabeth sow be considered o bod ideo
| fomously used 0 foce whitener mode DUt anoiher (nan-toxic) post

tronsition metol s still used o3
eod mixed with vinegaor ond woler s

Unfortunately. nobody knew ot the lime Q pigmens S0COY he silvery

bod
thot leod is poisonous. and it |s thought pink-tinged melol bismuth (31)
to have contributed to her death in 1603 s found in eye shadow, hoir
sprays ond nail polishes, agding
a poarly shimmer. Bismuth has o
similor gensity 10 le0d. 50 s often
0 good replacement for its more

toxic fellow post-transition meto

PR S TR T Y Y ey
LA s P @ nwen x o= »

IIMIMItIIRmIN
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Leoad also used to be added to petrol to reduce engine
noise before its dongers were fully known, Thot's why
you'll often see petrol today labelled as ‘unleaded’.



Reactiue
Non-Metals

Tucked away in the top right-hand side of the
periodic table is a small but very important set of
elements:THE NON-METALS.Theyaremade
up of three groups: noble gases, halogens
and reactive non-metals. Here we'll focus
on the last of those, the reactive non-metals -
a varied group that make up almost all of you.

Many compounds of sulphur have

a very unplecsont smell and are
responsiblie for the sirong odosrs

of rotten eggs. garlic angd skunis

Phosphorus wos discovered in 0 very unusuol way
In the 16603 Germaon chemist HENNIG BRAND reft
50 buckets of urine clone for many days until they
started 1o smell extremely bac. He then bolled
the disgusting liquid and possed the evaporated
gos through woter until he wos left with o thick
poste. That led him to discover o new substance
that glowed in the dark: phosphorus, It wes one
of the earliest non-metols to be identidied

Phosphorus can catch
alight easily n air and

was used In the heads of
motches in the 1800s,. Mony

motchstick foctory workers

were axposed o dongerous

levels of the slement



Metalloids

For thousands of years some elements have
been used for sinister purposes. If you're an evil
villain looking for a poison. you turn to a group of
elements called the METALLDIDS. They behave

partly like metals and partly like non-
metals. They often look like metals. but they are

brittie and not good at conducting electricity.

Arsenic (As) hos beon known 0%

the 'King of Poisons si

of the Roman Empire. It is vary
toXiC 10 humons An ontidote wos
developed in the 1800s by ROBERT
BUNSEN (500 page 28). This wos
porticularly fortuncte. becouse
on explosion in his laborotory
years joter left him with arsen
poisoming. Mis life wos saved by
the antiote he hag invents
‘} The colour green come Into fashions in
R /7 Victorian Britain thaaks to the ottroctive
B/ dye orsenic produces. People rushed 1o

buy green clothing. green curtoins and
green walipaper ~ unoware they could

Some chemists disagree about which elements should be included in this
small group of metaliold elements,, but the six wswol members are silicon
(S9). boron (8), germanium (Ge), arsenic, amtimoay (Sb) and tellurium (Te)

38

As carbon's (C) next-deor neighbour in
the periodi< toble. boron shares the some

properties of toughness and heat resistance
Bocon s mostly used in the production of gloss
and ceramics, although you'll also find it in
qoit cubs, fishing rods end bulletpreof vests

Boron is @ crucial ingredient for plant growth

too, It helps them transpart sugar ond grow good
seeds ond pollen. Although foo much boron can be
poisonous to other living things, induding msects

be become victims of arsenic paisoning -

QOur use of antimony dotes back thousonds of
yeors The ancient Egyptians used It 03 a rich
block eye mokeup, the ancient Greeks used
10 treat skin infections and n the Middle Ages
1 was used 03 o madicingl laxative.

Some pecple believe antimony tokes its name
from the Greek onti-monochos, which means
‘monk-allor’. This could be true, os many early
chemists were also monks and. like arsenic
gntimony con be deadly




Halogens

There is a small group of five non-metals
that often combine with metals to make
salts. Chemists call them HRLOGENS. from the

Greek words ha/ (salt) and gen (to produce).
You'll find them in Group 17 - the second-to-last
column of the periodic table.

Chiorine (Cl) is one of the
best-known halogens. it
combines with the alkal
metal sedium to make sodium

i as HEEE 7

Astotine (Az) is the rarest naoturally

chioride - otherwise known o
the rable solt you put on your
fish and chips. On i1s own
chlorine is o yellowy-green occurring element. There is thought
10 D@ 953 than a gram present in the

toxic gos. Today. you ore
more Likely to find chlorineg in

a swemming pool or grinking
water as hypochlorous acid

with ¢ halt-life of around 8 hours. so ot
which 15 used 10 kal bactersa J L doesn't stick around for long

Forth's crust ot any one time - cbout the
weight of o poperclip. It is radioactive

Inside Your Stomach: : T e In 1811 French chemist BEANRRD

. : ' COURTOIS discovered the purple-block
element iodine (1) in seoweed osh
L4 lodine is Rirly rare. but it is an essentiol
nutrient in the heman diet, Seowoter is
9 0 good source of lodine, and therefore

::,1 - 0 are seaweed and fish. It con also
‘W be found in eggs and milk. Too litthe
R lodine can stop your thyroid glond from
working property. and the thyroid glond
I$ important 03 (t keeps every cell in
your body working. lodine hos many

$

uses. inchuding ind sinfectants. dyes

LN

and photography chemic

S AN\



The Noble Gases

There are some elements that are perfectly
hoppy by themselves. The NOBLE GASES tend
to have no smell, no colour and generally
don't get involved in reactions with other
elements. However, they all glow brightly when
electricity is passed through them. They occupy
the final column of the periodic table.

Chemists BILLIAN BANSAY ond MBARIS
TARUERS discovered krypton ond xemon.
which hod secretly been in the oir oll
along. They nomed krypton ofter on
ancient Greek word meaning ‘the hidden
one’ and xenon meons “stranger’. Xenon
s mow used in extremely powerful
$pace rocket engines.

Krypton shares o similar name to
the fictionol material Kryplonite,
Supermon’s one weakness.

Neon was first discovered in 1858 in oBo'oooo

London. also by Romsay ond Trovers,
who turned a somple of air to liquid
and investigated (ts contents




The Lanthanides

Look closely and you'll notice that there is a break
in the periodic table. Arrows mork the place
where the atomic numbers stop going up by one.
Two rows have been moved to sit beneath the
rest: the lanthanides and the actinides. This is

a clever trick to moke sure the table can easily
fit on one page. It's a bit like storing stuff in a
basement to save space.

N\

Praseodymium stoins gloss and ceramics o vivid

yellowy colour. colled “prosecdymium yaliow™. When

T™he LENTHANIDES . . y mixed with neodymium (Nd) it becomes a materiol

e reactive, silvery % known as didymium, which is used in the goggles

coloured metols y ge . ~ thot welders weor. Didymium protects their eyes

yme from the first ber from bright flashes by blocking out the yellow light

Along with lanthapum, you'll find
proseodymaum (Pr) on o TV or
film set ~ both elements are used
extensively in studio lighting

NOBMAL GLASS DIDYMIEM GLASS

The rarest of the lonthanides Is
thuSium (Tm). it is pomed ofter
the oncient nome of a region

modem-day Scandinavia

home of the Vikings. Tiny amounts

are added to Euro bonknotes

The thullam glows when you shine

ultroviolet light on it, making it

e0sior to tell if the notes are foke

44
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Californium (Cf) was olso discovered ot
Berkeley and tokes its name from the US state
where the lab |s based. If it s absorbed by

the human body then it can affect its obility

produce red blood cells. so Califfornium needs

10 be handled very carefully




Nobel Prize
Winners

There is one award that every scientist
wants to win — the Nobel Prize. It is
named ofter the Swedish chemist
and entrepreneur ALFRED NOBEL
who invented dynamite. The element
nobelium (No) is named in his honour.
Nobel used his vast fortune to set up the
awards to recegnise leading figures in
physics. chemistry. medicine. literature
and peace. Winners receive o speciol
gold medal ond around $1 million.

Donish physicist NIELS 808R won the
physics prize the year ofter Einsten and
he is honoured In the periodic table with
bohrium (Bh), Bohr was the first to reclise
thot the electrons inside atoms con only
exist in cortain orbits

The first person 1o split the otom was

New Zeclond physicist ERNEST RUTRERFORD.
He won the 1908 Nobel Prize for Chamistry
Rutherfordium (Rf)was olmost colled
kurchatovium ofter Soviet nuclear physicist
Igor Kurchatov, because the element wos
Jointly discovered in Russia




Pioneering Women

Of the 118 elements currently featured in
the periodic table, only 15 are named after
the scientists who discovered them. Only two
elements are named after women. Yet many
more female scientists played a significant part
behind the scenes. Sadly often without the credit

their hard work deserved.

Curie discovered two new ¢lements « polonium
{Po) and radium (Ra) - and pieneered the
theory of ‘rodioactivity’. o word that she

coined. She died n 1934 having becomae il
ofter exposure 1o the radioactive elements she
requicrly worked with, Her husband Plerre -
ols0 0 scientist ond Nobel Prize winner - died in
1906 when he wos run aver by o horse-drawn
cort in o Parisian street where they hived

The radiooctive element curium
(Cm), discoverad in 1944 by

a team led by Glenn Seoborg,

s nomed after both the Curies

Vv
\./¢

¥ 1925, the Garmon chemist IR NDDDACK
discovered the element rhenium (Re) clongside
her husband. Walter. It 100k severol attempls to
find what was sometimes known as the invisble
eloment, She wos nominated for the Nobel Prize
in Chamistry thrge times, but never won. Noddack
was oiso the first person to suggest the (dea of
nucléar fission. Her theary wos ignored at the
time. but just live yeors loter. Otto Hohn went on
10 win the Nobel Prize for demonstroting fissicn.
Thankfully. today Noddack is better recognised
for her cootributions.

Meitrer was similarly
overiocked by the Nobel
Prize committes. but
the element moitnerium
(M2) was named after

her in 1902
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The most well-known of the quartet is Polish
mathematician NICOLRES COPERNICUS (1473~

1543). Copernicus is remembered for correctly
suggesting that the Earth orbits the Sun,
rather than the other way around. A Lay amount
of the element copernicium (Cn) wos first created

in a loborotory in Germany in 1996, and nemed to
honour Copernicus's contridution to sclence




Myths and Legends

Throughout human history we have told each
other amazing stories and filled the poges
of countless books with sorcerers and kings
mysterious creatures and fantastic beasts. It's no
surprise that scientists have often turned to these
myths and legends for inspiration when naming
new elements

Hove you ever heord someone describe something
os tontolising? Wa get that word from the Greek
mythological king called Tontolus who stole food
from the gods. His punishment wos to stand under
Q tree for eternity surrounded by low-hanging fruit
that were forever just out of his reach, The rare
silvery metol tantolum (To) is named ofter him, Itis
an excellent conductor of electricity and Is used to
make video games consoles ond computers, Almost
olways found with tantolum is the element miobium
(ND), momed ofter Tantolus's doughter, Niobe, the
Greek goddess of tears .

Thorium (Th) is nomed ofter
Thor, the Norse god of thunder
and lightning famous for his
powerful hammer. The element
Itself is radiooctive, but it
decays incredibly slowly with o
haolf-Hfe that's roughly the same
as the oge of the Universe

Th

Prometheus wos 0ls0 o thie! — he stole fire from

the Greek gods, Mis punishment wos to hove his

liver pecked out by an eagle. Each night it would
regrow and each day the bird would roturn to do
It oll over again. Promethium (Pm) isn't fournd

in measwroble amounts in Eorth's crust, but

<r

troces con o found In uragnium ores entist
have come up with clgver ways to moke it from

urgnm (U) and necdymium (Ng)

« 4

Gi\a

Other efements named ofter myths ond legends
Include mercury (MHg), which s nomed after the
messengar of the gods in Romon mythology.
Sometimes colled ‘quicksiiver it is one of

only two elements thot ore Hguid ot reom
temperature. which is one of the recsons why

It is idedal for use in thermometers, dricium (Ir)
- Q super-dente angd Corroson-resistont metol
- is nomed after Iris, the Greek goddess of the
rainbow, because It makes salts with bright
colours. It is olso used in composs bearings.
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The Solar System

During the 1700s ond 1800s, astronomers Solile’ Corins (CaY = 8 st “sHverrviiite mastol =15 namsed 29
discovered lots of new oand amoazing objects id - after aworf plonet and the lorgest body in the osterold <P
scattered throughout the solar system, including the .'-,4“‘%\ coidanedohy \ SRR . Sl Ce

planets Uranus and Neptune. More than half of the o & SRR ey NG g

elements were clso discovered during this time, with VQ‘, takes its nome from Palios. the second biggest asteraid I 1
scientists drawing on the astronomical discoveries

for inspiration when naming new elements.

)
<f f'wo osterolds are olso commemoroted in the penodic

osterold «
belt” .

! Y German chemist MASTIN HEINRICH Jronium hos the ctomic number 92, sc
org - : ts on Eart : ®e KLAPROTR first identified the radioactiy when 0 new element with atomic nun
H netol uranium (U 178%, noming it 3 was found 940 1 1% named
e ,e « lonet us that hod bet opturiy Ng 1% Nog 0 ox
tof Ure ! ) y of



Continents nm %) somed or londend s
and Countries w1 st o o gm0 o, .. omer oty Mors ovr. i 0 bt

When you stare ot the periodic table you

might be surprised to know there IS 0 map

of the world hiding within the elements. Take

a close look at this world mop and see how . .

many you can identify
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Transition metal hofnium (Hf) wos discovered in
Copenhagen in 1923 ond was named after Hafmio -

the Latin nome for the Danish copitel. it wos one of
the missing elements originally predicted by Dmatn
Mendeleev in 1869. Hafnium also has on out-of -this-
world history, It is resistant to corrosion and extreme
temperatures. ond wos used by NASA in the noxzie of

the Apolio Lunor Lander thot helped the first astronauts
blast off the Moon ond return 1o the Earth in 1969

Mg
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Ytterby

The coost of Sweden near its capital Stockhoim is

dotted all around with 30.000 tiny islonds. Among :
them is Resard, home to just 3.000 people. You .

would almost never know that one of its little b ,\‘

villages made huge contributions to the periodic

table. but Ytterby appears more times in the | ~
periodic toble than ony other place on the planet. O )

Hove you ever noticed that o clock at
Rome eventually stops telling the ime
occurately oad you hawve to correct it?
In special Umekeepers cofed atomic
clocks, a thousand ytterbium otoms ore
tropped (o 0 grid mode of Jaser beoms.
Atamic clocks con run for lenger than the
oge of the Universo (13.8 tillion yeors)
belore they get @ secoed out of step
becoure the ytirium gives them some of
he Most occucote ticks (o the world.

Ins the fiest colour television sets, yitriam
wos important in disploying the colour
red. Similarly, when combined with
oxygen (O), erblum can be used to give
objects hko sunglasses o pink tinge.




carried the water ¢

You should olways brush your teeth before heading to bed. But have you
ever wondered what's actually in your toothpaste? it contains flworide

a compound of the element fluorine (F). 10 help prévent tooth decay
Sometimes flyorides ore also added to top water for the same reason

You might find the element chromium (Cr) in
the kitchen drower. A lot of cutlery is mode
from stoinless steel. which contains about ten
per cent chromium to help prevent corrosion.
Chromium gets it nome from chroma, the
Greek word for colour, becouse it produces
the many beoutiful colowrs seen In gomstones




Neodymium (Nd) is used to moke X Lithium-ion botteries are the small
some of the most powerful megnets : but mighty sources of energy that

in the world, ond magnets ore whot ( el keep our hond-beld technology

moke headphones. speakers ond el ‘ charged up ond us connected with
microphones work. Even a tiny Sapeos the world. The invention of these
neodymium magnet can still pock o rechargeoble power stores has totally
punch, perfoct for modern skm devices X : changed the way we use technology.

N el

Phones cften vibrate when they receive

o text message or call. Dysproswum (Dy)

IS used to make the motor responsible for
the vibration, Only about 100 tonaes of
dysprosium are produced worldwide each
year, mostly in China. If you shared it out
equally among every humon on Eorth, each
of us would get just 0,07 groms ~ about the
samo weight as o house fly.




nave a personal rela p with the
elements of the perio )ig — some of them

are helping to keep y ( In fact, a

of 60 different elements go into making you




o1 AT
su RS S S R

e ]

b

Wl

B8 2 C Qaro . g ’ .
> O DG U U 7 20
4 Ure SpPEe U * U
0 U U J e B
opped U iplel * JOe
s U * * VU
' QO DOCKe U 0 Ped
’ i U O 8 U

TRl

st [

The story goes 1hot fireworks

were invenied accidentally by

g Chinese cook who noticed

that o substance colled

saitpeter glowed brightly when

he acodentally spilled it Into

afire. The earliest fireworks -
were made by pouring

gunpowger into Dbomboco

stems Whea set « they

exploded with o bang
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Barwum (Bo) 18 responsible for
green fireworks. in the form of
barium monochloride. Lighter
green colours come from
barium nitrate. Barium is an
alkoline earth motal (see pages

30-31) that gets its nome from 50
the Greek word borys meaning \ : b~

hoavy' It is used in @ borium

-

2

mecl - on X-roy test thot shows
a doctor your insides l
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Rich red fireworks are made of o
salt called strontium corbonate
The element strontium (Sr) is
named ofter Strontion. o villoge
in Scotiond where it wos first
discovered. About five per

cont of oll the strontium in the
workd is used in fireworks. Youll
aise find it in glow-in-the-dark
1oys and speciol toothpaste for
sensitive leeth

m



Trauel e 0
- There are over 10,000 planes in the sky ot any cae time, which 4
means a lot of metol above your head! A jumbo jet is mode of over
50 tonnes of the light, strong metal olaminium (Al). The jet engines
ives in the same viliage but now you can jump on most girplanes contain blades colled turbines. which spin ot
incredibly high speeds 10 create propulsion. These blades are one
of the biggest uses of the transition metal rhenlum (Re) thanks to its
ability to withstand temperatures of more thon 3.000°C

Your distant ancestors may have spent their entire

on an aeroplane or step aboard a boat and reach

L5

all corners of the globe. Thanks to our clever use
of the elements it has never been easier to travel

the world by land, air ond sea <

-

There ore over o billion bicycles in the world - one for every seven
people. Nearly holf of them ore in Ching. the country with the
highest popufation on the plonet, A bike needs to be strong ond olso
lightweight. particalorly rocing bikes used by professional cyclists
One option is to moke the frame out of scondium (5¢). @ silvery-
white metal, which is often mixed into an alloy with alumnium

Even underwater tronsport mokes clever use of the
peariodic table, Like ceroplanes, submarines need %0
be lightweight, but olso strong enough to w
the huge pressure of ol the woler pressing o«
The Russion Navy build some of their submarin
tanium (Ti) becouse its strength allows them 1o dive

much deeper than those built of other materials

B e e S




We need to generate
a lot more of our enerqgy from
RENEWRABLE SOURCES such as wind,

solar and water power Neodymium
(Nd) mognets are used to run wind

turbines, tellerium (Te) is crucial to
solar ponels ond hydrogen (M) could
fuel future environmentally
fnendly aircroft

o
g
o

QEQl’§ 

In France and China. giant machines callod TOKAMAKS are
under construction. They will copy the way the Sun
makes energy - the process of fusing atoms together
known as fusion. in o trial thot could one doy see o full-
scole power station thot creates clean. green eleciricity.
Tokamoks work vio magnetic fields which trop hot material
inside o huge. hollow chomber and force it together to
release energy. The speciol magnets used for this purpose
are mode of nloblum-tin and nlebium-titanium

Our world could also be revolutionised in
other ways. by using fomilior elements in
unfamilior ways to crecte amazing new
technology. BRAPHENE is one exciting material
made from o loyer of carbon shaped like
a heneycomb end Is just ene atom thick
That makes it super-lightweight, but also
incradibly strong. Potentiol uses include tiny
cell-sized medical robots swimming insxde
your body and 0 computer tablet that you

coul O up ke O newspaper




Like the elements recently discovered. these
new elements will probobly only lost for a blink
of an eye before disoppearing agoin. But some
sclentists believe we are heading for "THE ISLAND
TN 0F STREILITY" - an uncharted part of the

2:::;}.‘“\\:.%::::: YTERR TRNY periodic table where superheavy elements
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Sies NATITRt e phidas e St don't decay so fast, moking them os stoble
as many of the lighter elements, it may be
they alreody occur noturally, but in such small
amounts that we haven't found one yet

ELEMENT FACTORY =

n March 2019, the rrbbon wos cut to mark the cpening Now elament giscoveries would extend the todle into th

of the Superheavy Elgment Factory (SHEF) in Russio

oighth row for the first time Stable super-heavy elements

contains g porticle accelerator 1en times more pe coulg hove unusug! ond game-cho GG properties The

than any before. and it will be used to hunt for elements
19 ond 120, Nudeoar physicist YUR! DEANESSIAN see

poge 53 eods the teom of scientists ot SHEF

perodic table may yel have more exiraordinory elements

up i1s sieeve and perhops you mught play o part in =

discovering more of ils secrets







