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In the middle of an aborm you will find the
nucleus. It is made of particles called
protons ond neutrons. Whizzing around
this nucleus ore 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 Londan, UK then the nucleus wauld ba
obout the size of o single person standing
in the middle.

1 1
-

Chemistry is the study of the elements and
the way they behove and interoct with each
other. A ot of chemistry boils down to the
exact way electrons orbit the nucleus, They
dao this in loyers called shells, which ore bit
like the orbits of planets around the Sun.

An element prefers to have full shells
of electrons becouse it mokes it more
stable. So often it will try to borrow
electrons if it needs more, or get rid of
some if it hos too mony.
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Elemental
Basics

Elamants are a it ke spies aach
ong hos a secret code naome, James
Bond is fomously 007. Similarly,
chermists give speciol numbers 1o
each element. The first s called
the atomic number and is given
the symbal 2. It counts theé number
of protons in the nucleus of thot
glement. No two elements share
the same atomic number = it's their
unigque signature, Chemists also talk
obout the mass number (grean the
symibal A). This is the total number of
protons and neutrons added together.

Element | Symbal T A
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Just like you con get different breeds of
dogs or cots, it is possible to get different
versions of the same element by adding
extra neutrons, Toke helium for exomple,
Its atomic number is two becouse it always
has two protons, But it can have amywhara
between zero neutrons (helium-2) and
eight neutrons (helium-10). The numbaer
after the element 15 the mass number,

WNITIAHIE - HEd

Eoch element moy be unique, but there are things thot groups of elements hove in commaon
Most are solid ot normal room bemperaturs (20°C). Thera aré only twalva that ore gases
(hydrogen, helium, nitrogen, oxygen, fluoring, chlornne and the six noble gases). Just two
elements — bromine and mercury — are liquids. Francium, coesium, gollium ond rubidium will
melt from solid to liquid if the temperature rises to 40°C

Liguio SOuD

The bigger on atom gets (the higher its moss number) the more unsioble it becomes. Unstoble
atoms often break apart into smaller ones. This process is a called radicactive decay and
all elements heavier than bismuth are radicoctive. Imagine you had one hundred atoms of a
rodisoctive element. The time it takes for half of them to decay is called the half-life. This con
be incredibly quick = just a tiny fraction of a second = or many billions of years.




Chemistry 181

Elements crave stability. They can achieve this by ocquiring o 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 cutermost. Atoms do this through o
process colled bonding. An fonic bond sees one atom donate electron(s) to onother.
Covalent bonding occurs when two or more atoms shore electrons between them.

COURLENT BONDING

Other symbols con help make it clear whot is hoppening during a chemical reaction. Somatimes a
reaction is reversible, meaning the products can turn back into the ingredients. This has a special
double arrow symbol. Letters also symbolise the state o substance is in: (g) for goseous, (s) for

solid. (1) for liquid and (oq) for aqueous (meaning dissalved in water).
~ - |

Co,(g)

Mass is always conserved during o chemical reaction. That means the total number of atoms
that go into a reaction must equal the total number of atoms produced. 56 it 15 important to
make sure the reaction you write down is bolanced, This is done by adding numbers in front of
- each chemical symbeol 50 that each side adds up to the same total,
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PREHISTORIC
The story starts thousonds of years ogo when
our ancestors mode use of new materiols to
build themselves a better world. The lron 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 atomic number
26, Iron is one of thirteen elements known to
humans since ancient times. Others include
gold. lead. tin and zinc.

~ How do we
Discover the
Elements?

There was a time when we thought that
the Universe wos made up of just four
elements: air, water, earth ond fire,
Yet as we leorned more we realised
there was a better way to classify the
ingredients that moke up the world
around us,

BLCHEMY aPELTROSLAPY

It was from the 16005 when the list really The mid-1800s saw the rise of a technique
storted to get bigger as scientists begaon colled spectroscopy. Electrons maoving
o experiment with new substonces. The between shells (see page XI) inside on
element phosphorus was discovered in urine atom give out light that is unique to that
by on alchemist — a person frying to turn particulor element. Scientists  including
everyday chemicals into gold. By bailing Robert Bunsen = who gives his nome to
chemicals and turning goses into liquids. the Bunsen burner — used this light to
alchemists identified a host of new elements discover elements coesium ond rubidium
including oxygen. nitrogen and hydrogen.

During the 19th century

B : = W aal explosiorn =
- there was a real explosion ;l_ff'i"!h
n the number of new b,
f ..5';.1.-'
elements discovered e

=1 - a totol of 49
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SYNTRETIC
Afurther 35 have beenfound since 1900, During ond 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 smoll elements at bigger ones
at really high speeds inside enormous machines — a method called bombardment. Mendelevium -
named after the inventor of the periodic table (see p101) - was discovered in 1955 by firing helium
ot on element nomed after another fomous scientist: einsteinium, Vil




. . The rows are called ‘periods’. which is where the name The table has eighteen

TIIE FE I'llu dl E Ta hl E of the toble comes from. Elements get heavier as you columns  called ’grqus‘.
move from left to right along o period. The size of an Normaolly all elements in o

atom of each element decreases from left to right group have a similar pattern

Qur element story is far from finished - the number of elements is still growing as we work to becouse adding more protens means the nucleus can of electrons in their outer
discover new ones. That same bombardment technique is how the latest additions to the element keep electrons in a tighter orbit argund it. shell. 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.
find heavier elements becouse they are very unstable and disappear in the blink of an eye. BRER Sc| Ti| U |CrMn) Fe|Co| Ni| Cu) 2n |BajBEURSISRIBR|r,
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z To save more space, elements are given a one or two
With well over one hundred elements HE letter symbeol. it could be its first letter — such as C for
to deal with, scientists organise them — carbon and O for oxygen. or based on the Latin name for
into groups based on the way they & B b C i N m o - E “'H the element like Pb for lead (plumbum).
behave. It 5 called the periodic E
table, which was invented by Russian “""' "m“ ‘:""'"E' - ”"'“"" ““
scientist Dmitri Mendeleev in 1869, l“ Ei F s [:I I;I r
[ TR il Pl i f LT [ e ﬁ
iz : | 74 5 26 27 28 - 19 L] n b} 1 H 5 1%
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ey A Guide to the Elements

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

@) () (@)

STRTE AT 28°C

These symbals inidcate the stote of each
element at 20°C (salid, liquid or gas).

Every time a new element is discovered it gets added to the periodic table. Chamists know exactly
where to put it because it runs from the element with the lowest atomic number (hydrogen) to the
highest (currently ogonesson). Its invenior — Dmitri Mendeleev — even left gops for elements yet
to be discovered. What makes the periodic table such a smart tool is that elements that behave

ELEMENT RRNKINGS

Every element hai a different density
malting paint and bBailing peint. In the
poges that follow, ewery element has been
ranked fram 1 19 116 from highest 1o lewest
for gach of these three key properties. A

category plat like the cne dhown here will
. Whasirote thes iInformadion on each page
ELECTRON SHELL CONFIGURRTION
Balove, wou con see an exemole of an elemenls alecinon shall

canfigurateon. The elecirons: whizzng arowend the nuclous
lIHEHE l" EH"I? determing the alament’s chemical properties — the way it
Thid 5.'-mh:.| indicatos whera Yo ean behoves in @ chemicol reactson. The icdol number of alectron
find the element in the warkd, sheells an afom hos debermings what pericd the alement is on
The mumbar of adactrons in M3 outarmost shell detanmenas the
group. The number in the middla reprasents tha prodons in the
nuchaus of that element - ils wnigue Signature

similary oppear close together. These groups are colour-coded. as you will see below.

«=.  RLKALI ERATH HETALS HALOGENS
The six silvery-white elements in Group 2 howve Thasa elgments moke up a small group of Tive
low miglting and Boiling peints. They often Torm mon-mitals that often combing with metals o

COMm o unds with the halggens, Including miake salts. They ora aflan wsed os disinfectants,
sodium chlaride (alsa known o table salt)

THE NOBLE GRSES =
Tha noble goses sireody have a full cuter shall ORNEER 10 LIEE ATOMIC MASS

af electrons 5o they tend not bo get mvebved in
This indicates whathar o subsionce is EE'?HH

TARMSITION METALS

This i5 by Tar the | QRS graup in ihe boe wiith
15 membaers = thats almast a third of all known
glamenis. Tronsdicn mejals ore very Bard, with

chamical resctions. Usually they den't hove a
high matting points and bailing points nan-taxic, 1oxic or a mixture,

smell or colsur githor,

This number indicates the overage mass of
an elemaent’s isotopes of found in naturs

LRNTHRANIDES

These ore nomed after the first alement in the
group (lanthanum). Along with scandivm and
yhirium ihery moke wp anciher closs colled the
Hare Eorth elements becouse they tend fo be
dug out of the BariR's crust.

POST-TRANSITION METRLS

Band with cther elemeants using cenvolent bonds,
Thare is a lot of dobote omong chomists o to
which ebsmiris ta include in this group.

SPECIAL USES

ircle falls as the atomec numbar iNCraases.
This Righlights how we make wie af

the elemant to impreve our lives.
Thiese bars indicate which row the element

l The post-transition metals usually prefer to

HETALLDIDS

The behaviour of a mafolicid iz o cros
betwean o melal and o non-medal. Their
appearonce is similar to matals, but they ore
nil good coenductons of alectricity.

RCTINIDES

Unilike most clusters in the periodic lable, ithe

ORATE OF DISCOUERY

C mig "ll|'.'ll'!l'_| II_||IC=5‘5- indicoles fhe yeor
the glement wos “discovered’, Often, this
ndicotes the dabe it was First isolated

can be found an.

This number indicotes the otomic number of the

elemant. and is also the poge number,

| 111 ©Q 343H Hb3ddH 1M dNOHA JHL 40 BNOT0D ONH IWHN 3HL
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NON-METALS

STATE AT 28°C

H Y ﬂ H n E E N @ A colourless. adourless gas.

ELECTRANK
CONFIGURATION

RTOMIC MASS

1.HB8

ELEMENT
EANKINGS

WHERE ON ERATHY?

Foumd in the grealest
quantities o5 water,

OANGER TO LIFE

Man-toxic, i1 is essantial for
almest all living things,

SPECIAL USES

Clean fuel. fertiliser,
margaring. silicon chips,

A FUTURE FUEL

,{:I DISCOVERED IN 1766

Hydrogen is the oldest and most
abundant element, It makes up 75
per cent of the Universe and provides
the fuel for stars. Hydrogen 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 aoway from fossil fuels.

HELILTM

Op.

He
N

ELECTRON ELEMENT
COMFIGURRTION RRNKINGS
118
&
ATONIE HA5S

L. B3 E—

STATE AT 20°C

A colourless. odouriess gas

-}__.I_I_\_l' WHERE ON ERATH?

; 1) Faund in notural gas which
‘“\","!'::.-"' conboing up ta % halium

DANGER TO LIFE
Mo known bislogical rale.
: It I1% nan=toxic
SPECIAL USES
MRl sconners. suparnmarkeat
scannars, degp-5aa divars

DISCOUERED IN 1835

First discovered on the Sun. helium is

named after Helius, the Greek sun god.

Whilst it is the second most abundant
element in the Universe. you can't
Just grab hold of it on Earth. Helium is
mostly produced as o 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 ballaons. But think twice before
your next birthday. as helium supplies
are running out and we need it for
important medical equipment.

S15H7 3180N

~ 1 @



STATE AT 20°C

A soft. silvery-white matal.

LITHILM BERYLLILM

?
/=

IWHERE ON ERATHY

Faund in 30 differant mineral
spacies including amarald,

DANGER T0 LIFE

Deadly poisonous il dust or

..x___;-ffﬁ fumas are inhaled,

SPECIAL USES
GYFoSCOpes. springs. high-speed
aircraft, X-roys,

LOSMIC RAIN

’(:3 DISCOUERED IN 1797

& O

STHLIIW HLHHI ITHHTH

@
: =

ELECTRON ELEMENT
COMFIGURRTION RRNKINGS Gemstones containing the mineral
— 18" beryl. such as emeralds. have
S — been known since ancient times.
{ jf;,ﬁ \ | When chemists later isolated the
LO((C(E)) 1)1 main element inside. they called it
VOSSR 1} beryllium. It is mostly made when
LY g A F
‘{?:Q::::_—_'._fi; i 1 ol high-energy particlas called cosmic
— rays strike the Earth's atmosphere .
from space. This creates a shower of —
ATOMIC MRSS l 1 particles — including beryllium — which —
E H‘lz rain down from the sky. Its properties —
) T make it perfect for spacecraft and —
- - communication satellites. —
b




STATE AT 28°C

A dark, block-brown powdaer
in its purest state

WHERE ON ERRTH?

Found in volcanic Spring waters
and in mingrals sech os borax

OANGER TO LIFE

It i% mon-toxic bul can upsat the
body s matabalism if consumed

SPECIAL USES

Reckel Tuel igniter, pyrotechnic
flaras washing powdars

HARD STUFF

DISCOVERED IN 1888

ELECTRON ELEMENT
CONFIGUARTION RRNKINGS

ELECTRON ELEMENT
CORFIGUARATION RANKINGS The name boron comes from the
Fersian or Arabic terms for the mineral s

borax {(buroh or burog). Borax and
boric acid have been known since
ancient times in Europe, Tibet and
Ching. They were used by craftsmen
to reduce the melting point of
materials in glassmaking and other
applications. Today, boron corbide
BTOMIC MA%S L (B,C) is used in armour plating for ATOMIC ME5S
'm H] vehicles and bulletproof vests, It has ]z H"
* PTAE ML BT alse been feund on the Moon and : ALLTIAN WLl JERBTT
PHL S T Mars, and in some meteorites. N P
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- STATE AT 28°C
$ N ITH“ E EN A colourless. odourless gas HXY E E N
— WHERE DN ERRTH?
= Fowmd in al liwing ||"||r'||'=|‘5.. i1 makes

up T8% of the air. by valume

OANGER TO LIFE

Mon-teic, it i5 essentiol for
all living things

SPECIAL USES

Dyes. explosives, freezing food
fartilisers. nitric acid nylain

HEY INGREDIENT

DISCOUERED IN 1772
ELECTRON ELERERT ELECTRON ELEMENT
CONFIGURATION ERANKINGS Nitrogen is the most abundant element COMFIGUARTION RRNKINGS
18 in the Earth’'s atmosphere. making up p—
18 per cent of the air we breathe. It is
also a key ingredient for life, found in
important biclogical chemicals such as
aming acids. Compounds of nitrogen
- called nitrates — are a crucial part

L LI EL ] rIm L L H

", of the fertilisers used by formers and

= gardeners to help grow plonts. Super

e | RTOMIC MASS cold hguid nitregen can be used by ATOMIC MASS 3

= i I|+ ﬂ? LI chefs to help make cold food such as 15.999 B !
" R — .

— SN R ST ice-creams and sorbets. TR

o
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HALOGENS

= [HINNT@

FLUORINE

ELECTRON ELEMENT
CORHIGLRATION BANKINGS

v o5 8
18.938

EDITME  DORIEE  BINSTIY
WINE PRI

STATE AT 28°C

A pale yellow-graen qos,

WHERE ON ERRTH?

Found in the minarals Muorite,
fluorspar and cryalite.

OANGER TO LIFE

Essentinl to humans. (our bodias
eantaing about 3ma) but highty toxic
In pura form.,

SPECIAL USES

Muclear anergy. frosting ghoss.
light bulbs

PERRLY WHITES

DISCOUERED IN 1886

Despite its commaon usage in
toothpaste. fluorine is the most
chemically reoctive element. Fluorine
reacts, often very vigorously. with all
of the other elements except oxygen,.
helium. neon and krypton. Fluorine is
also the most aelectronagative alement.
In molecules. this means that fluorine
attrocts electrons more powerfully
than any other element. It is often
added to top water to help fight tooth
decay but too much fluoride is toxic.

ELECTRON
LONFLEHRTION

ATOMIC MASS

20.18

ELEMENT
HEN RN

STATE AT 28°C

A colowriess. odouriass.
tosteless gas,

WHERE ON ERATHY

Faund in Earih's aimosphera,
it is the 5* most abundont element.

DANGER TO LIFE

Nix known Biclogical rale,
It is non-toxic.

SPECIAL USES
Meon signs, diving equipment,
high-veltage indicatars. losers.

UIDA LAS DEGAS

IJIE[:I]IIEHEI] IN 1638

Meon is associated with bright signs thot
glow vibrant red-orange. famous in Las
Vegas, USA. As the second lightest noble
gos. neon doesn’t usually take part in
chemical reactions. Yet if you pass an
electric current through a tube of neon
it boosts electrons into higher shells.
When they fall back dewn again they
give off a distinctive colour, which one of
neon's discovererers — Williom Romsay -
referred to as a “brilliant flame-covered
light” in his Nobel Prize speech,

S15H7 3180N

18



SODIUM

ELECTRON ELEMENT
CONFIGURATION BANKINGS

RTOMIC MASS
¢d.0d

BTG DOLIEE  BINSTIY
WD PRI

MAGNESIUM
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