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What is an element?

An element is a substance that cannot be refined or purified
into simpler ingredients. Elements are made of building
blocks called atoms and each element has its own unique
set of atoms. Everything in the universe is made from
elements, either in their pure form, or combined together

to make new substances called compounds.

Classical elements

The idea of an element is very old. In
ancient cultures, people believed that all
things were made from mixtures of just
four elements: earth, water, air, and fire.
They thought that hot and dry things
contained fire and air, while cold and
wet things were made of earth and water.

Modern elements

The scientific study of the properties and
reactions of elements is called chemistry. This
has found that there are at least 118 elements.
Most elements are created inside a star or in

a supernova—the explosive ending of a big
star’s life. Scientists have also been able to
create the heaviest elements in laboratories.

The Crab Nebula, the remains of
a supernova, is rich in hydrogen.
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A\ Types of element

J1\A Atoms are made of smaller “subatomic” particles called
protons, electrons, and neutrons. The properties of an element
depend on how these particles are arranged. Elements with
the same number of electrons in the outermost shell of their

mostly have one or two outer electrons, semi-metals have
three or four, and nonmetals have up to eight.

Powdery form
of phosphorus
(nonmetal)

Crystals of Chunk of boron
gold (metal) (semi-metal)
O
EBUItI:’IngtthO.CKs. Others 0.1% Phosphorus 1%  Others 1%
verything in the universe is Argon 0.9% :
- B Calcium 1.5%
made up of the many types Nitrogen 3% 0

of elements arranged in different  oxygen 21% __ ‘ Hydrogen 10%
combinations. That includes

living things such as humans.

The human body is made of Nitrogen 78%
60 different elements. Just six
of them make up 99 percent of
the body’s weight, while the
other 54 make up the remaining
1 percent. Amazingly,

only three elements make up
most of Earth’s atmosphere.

Carbon 18.5%

o Oxygen 65%

Earth’s atmosphere Human body
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States of matter

Every element has a standard state—solid, liquid, or gas—
at room temperature. The atoms of a solid fit together in

a tight-knit pattern, while in a liquid the atoms are loosely
connected so they flow around. In a gas, the atoms are
free of each other and disperse easily. Applying heat can
change the state of an element from solid to liquid, and
then to gas, or even from solid to gas in some cases.

Chlorine gas in
a glass sphere

Liquid mercury
in a vial

Solid crystals of bismuth
refined in a laboratory

Pure forms

A pure sample of an element contains
only atoms of that element. Only a
few elements are found pure in nature
in significant amounts. These include
gold and sulfur (in the ground), and
oxygen (in the air). Many elements

are found in ores. This vein of pure

gold has occurred
naturally inside a
chunk of quartz.
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Ores

A naturally occurring substance—rock,
sand, or crystal—that contains a large
amount of an element is called an ore.
Ores are mined so that the elements
they contain can be removed. Some
ores contain more than one element.
The mineral malachite (right) is an ore of
copper, and chemical reactions are used
to extract the metal from the ore.

Copper flakes reacting
with nitric acid to form
two compounds

The red-brown gas

is nitrogen dioxide, a
compound of nitrogen
and oxygen.

Copper nitrate,
a green, solid
compound, in
nitric acid

Compounds

Most elements do not stay pure in nature
for long. Instead they react with other
elements they come into contact with,
which results in the atoms of two or more
elements bonding together to make an
entirely new substance called a compound.
The properties of a compound are always
very different to the elements that make it.

Malachite

" Mixtures
Elements combine chemically to form
compounds, and it takes a chemical

reaction to break the bonds
between the atoms in a
compound to separate the
elements. On the other
hand, a mixture is formed
when compounds or
elements are combined ,
physically. An alloyisa *
mixture of at least two
elements, one or all of
which are metals. In a
mixture, elements may

be so thoroughly mixed
that they are impossible
to tell apart.

Mixture of food
coloring and water

N S
N 2
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Inside an atom

An atom is the smallest unit of an element.
Every element has atoms made of a unique
combination of even smaller particles, known
as subatomic particles. These are the
electrons, protons, and neutrons.

Subatomic particles

In an atom, protons and neutrons are located in its core,
or nucleus. Changes to these particles are called nuclear
reactions. The electrons, located outside of the nucleus,
participate in chemical reactions, helping elements
combine to form compounds.

Atomic number

An element’s atomic number is defined by the number of
protons in one of it’s atoms. Every element has a unique
atomic number. Hydrogen has the lowest atomic number
(1) among the elements as it has only one proton. The
number of electrons in an element always matches

the atomic number.

8 electrons

3 : in 2 shells
1 proton protons
4 neutrons

8 protons

.1 e1ler;1tr (I)In 8 neutrons

LLLSEE 3 electrons

in 2 shells
Hydrogen atom Lithium atom Oxygen atom

(atomic number 1) (atomic number 3) (atomic number 8)
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Protons: These particles have a
positive electrical charge. This charge
attracts the negatively charged
electrons, holding them in place around
the nucleus. The positive and negative
charges cancel out each other, so an
atom has a neutral charge.

Electrons: Negatively
charged electrons were

the first type of subatomic
particle to be discovered.
They are almost 2,000 times
smaller than protons.

Nucleus: Almost all of an
atom’s weight is packed
inside the nucleus. Even
so, it is 100,000 times
smaller than the atom

as a whole. Most of an
atom is empty space.

Neutrons: A neutron has
no overall electrical charge,
and helps protons cluster
together in the nucleus. It
adds weight to the atom.

Electron shell: Electrons are arranged in
layers, or shells, around the outside of an atom.
Each atom of an element has a unique number
of electrons, arranged in a particular way in its
electron shells. The shell closest to the nucleus
has room for just two electrons, but shells
located further out have room for more. Only
the electrons in the outermost shell participate
in chemical reactions.

Structure of an atom
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Atomic mass
The atomic mass of an element is measured
as the total number of protons and neutrons
in each of its atoms. Hydrogen has an
atomic mass of 1, while oxygen’s is
16—one oxygen atom weighs as much
as 16 hydrogen atoms. Since an
element can have different isotopes
(forms), scientists use its relative
atomic mass. This is the average
of the atomic masses of all the
isotopes of an element.

16 hydrogen
atoms

An oxygen
atom

Isotopes

While an atom of an element has a unique number of protons and electrons,
the number of neutrons in it may vary. This creates different forms of the same
element, known as isotopes. For example, hydrogen has three isotopes.

‘Q Neutron

Hydrogen has Deuterium (an isotope of Tritium (an isotope of
no neutrons. hydrogen) has 1 neutron. hydrogen) has 2 neutrons.

Forming molecules
During chemical reactions, atoms make bonds

O;()Lg;n with each other to form structures called molecules.
Molecules of elements contain atoms of the same
/ \ element, while molecules of compounds are made
. . of atoms of different elements. For example, a water
molecule forms when an oxygen atom bonds to two
Hydrogen Hydrogen hydrogen atoms. This molecule is the smallest

atom atom possible unit of the compound called water.
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Allotropes

Several elements have multiple physical
forms, or allotropes. For example,
carbon has four allotropes: diamond,
graphite, soot (or charcoal), and
buckminsterfullerene. They are all

Piece Diamond made from pure carbon, but look
of charcoal crystal and feel very different.
o
Radioactivity
While the main isotopes of most elements are
stable, some rarer isotopes are less stable and As another nucleus is hit,

a chain of nuclear fission
reactions starts.

the nuclei of their atoms break apart on their own.
This process is called radioactivity, which releases
dangerous particles and a lot of energy. These
include positively charged alpha particles,
negatively charged beta particles, and gamma
rays, which carry no charge. Large, or heavy,
atoms are less stable, and all elements with an
atomic number above 82 are radioactive. '
Nuclear power stations use radioactivity
from nuclear fission, a process in which —

atoms are split in two. Neutrons, as well as

heat and other energy,
are released when the
uranium atom splits.

When the neutron collides with the uranium . .
atom, the atom splits into two parts.
- > @

(. '

Released

neutron
hits another ' *
unstable

._ uranium atom. ‘g »
/‘

Neutron fired at
uranium atom

Nucleus of unstable

uranium atom . .
Nuclear fission reaction
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Grouping the elements

Chemistry is the science that seeks to understand how elements
behave and how they combine into compounds. In order to
achieve this, chemists began trying to organize all known
elements according to their physical and chemical properties.
Over 200 years later, the result is the modern periodic table,
which arranges elements by the similarity of their properties.

Antoine Lavoisier
In 1789, the French scientist Antoine Lavoisier produced an early
list of chemical elements, which he called “simple substances.”
Lavoisier’s list had 55 entries, divided into metals, nonmetals,
and gaseous elements, such as oxygen.

Drops of the
liquid metal Pure oxygen gas in Yellow crystals of the

Y \—)// mercury a glass sphere nonmetal sulfur in rock

Johann Dobereiner

The German chemist Johann Ddbereiner showed Shiny solid

in 1817 that most elements could be grouped

into threes (or “triads”). Some elements were | e ; |
“missing” at the time as they had not yet been i - m
discovered, and this finding encouraged the ' -
search for new elements in the 19th century. Potassium kept inside

Elements in each triad—such as lithium, sodium, an airless glass vial

and potassium—shared chemical properties.
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Dmitri Mendeleev’s handwritten
periodic table from February 1869

Dmitri Mendeleev

In 1869, the Russian chemist Dmitri
Mendeleev invented the forerunner of
the modern periodic table. He saw that
elements had chemical properties
that followed a repeating pattern and
those with similar patterns could

be grouped together. He listed

the elements in order of atomic
mass, starting a new section

with every new pattern.

GROUPING THE ELEMENTS | 13

Henry Moseley
Mendeleev’s table worked very well,
but no one really knew why. In 1913,
the British physicist Henry Moseley
discovered the concept of the atomic
number—the number of protons

in an atom of an element, which is
unique to that element. He used X-rays
to calculate the atomic numbers of
elements, which could now be
organized on the basis of

their atomic number
instead of their
atomic mass.

Henry Moseley
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Periodic table

Period
numbers

-,
s

The periodic table organizes the 118 known
()—— Group elements by arranging them based on their
numbers  atomic number, which is the number of protons
in each of their atoms. The elements are placed
in rows (called “periods”) and columns (called
“groups”). Elements with similar properties sit
in a group. This table is “periodic” because the
characteristics of the elements follow a pattern.
New elements may be added to it in the future.

3 4 5 6 7 8 9

These two rows, known
as the Lanthanides

and Actinides, are not
periods. They sit next to
Group 2, but make the
table very wide, so are
moved to the bottom.
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[ Hydrogen B Lanthanides I Nitrogen Group
I Alkali Metals Il Actinides [ Oxygen Group
[ Alkaline Earth Metals [ Boron Group [0 Halogen Group
[ Transition Metals I Carbon Group I Noble Gases

The atomic number is Group: A column of elements with the
unique to each element. same number of electrons in the outermost
shell of each of their atoms.
Each element 14 15 16 17
has a unique
symbol made
of letters.

Period: A row of elements

with the same total number of

electron shells in their atoms.
10 1 12







Li Be B

Na Mg Al

K Ca Sc Ti Vv Cr Mn Fe Co Ni Cu Zn Ga

Rb Sr Y Zr Nb Mo Tc Ru Rh  Pd Ag Cd In
La-

Cs Ba Ly Hf Ta W Re Os Ir Pt Au Hg Tl
Ac-

Fr Ra Rf Db  Sg Bh Hs Mt  Ds Rg Cn Nh

Lr

La Ce Pr Nd Pm Sm Eu Gd Tb Dy

Ac Th Pa U Np Pu Am Cm Bk Cf

Hydrogen

Sn

Pb

FI

Es

As

Sb

Bi

Er

Fm

Te

Po

Lv

Tm

Md

The simplest of all elements, hydrogen has
only one proton and one electron. It is the
most abundant element in the universe—
the sun, like all other stars, is a vast ball

of seething hot hydrogen gas.

Cl

Br

At

Ts

Yb

No

Kr

Xe

Rn

Og

Lu

Lr
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FOCUS ON...
HYDROGEN

This gas is found in very
useful chemicals and even in
the human body—one tenth

of which is made of hydrogen.

S~

A Hydrogen is used in the
production of margarine
to thicken it.

A A new generation
of environment-friendly
cars use fuel cells
powered by hydrogen.

/

<« Liquid
hydrogen is

fuel. Combined

with oxygen, it
produces the
thrust to power
a rocket.

used as rocket

.
Hydrogen

Three-quarters of all the atoms in the universe are
hydrogen—the lightest of all the elements. The heat and
light from stars, including our sun, comes from hydrogen
atoms fusing into helium atoms in each star’s core. In fact,
all heavier elements started out as these small atoms,
which have gradually fused together.

Stars form inside a nebula,
which is a cloud of hydrogen
gas and some dust.
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ATOMIC MASS 1.008
STATE Gas
DISCOVERY 1766 (Henry Cavendish)

Hydrogen gives
off a purple glow
when electrified.

Pure hydrogen gas
in a glass sphere

Ta{%arina Nebula is
“home to clusters of
old and new stars.







Ti \ Cr Mn Fe Co Ni Cu Zn Ga Ge As

Ba % M Ta W Re Os I Pt Au Hg T Pb Bi

Ra Al_cr Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc

(@)
)
(72
o

La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er

Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm

Alkali Metals

Te

Po

Lv

Tm

Md

All alkali metals are highly reactive, so they
form compounds easily and are found in many
minerals. The walls of this potash mine have
orange and white stripes due to the many
potassium compounds being mined.

Cl

Br

At

Ts

Yb

No

Xe

Rn

Og

Lu

Lr



22 | ELEMENTS

Alkali Metals

As well as hydrogen, the first column of the periodic table contains the
alkali metals, a group of six elements that react vigorously with water
to produce chemicals known as alkalis. Members of this group are
soft enough to cut with a knife. They are never found pure in nature,
but always as a compound, from which the pure metal is extracted.

e}
Blue-violet flame of ? EaSily ta rniShed
burning cesium Freshly cut or scraped alkali metals are
shiny, but turn dull as their surface reacts
Colored flames with oxygen in the air and forms a thin
Each alkali metal burns with layer of the metal’s oxide. In laboratories,
a distinctive color. While lithium the metals are stored in oil to prevent this.

burns with deep-red flames,
potassium’s flames are lilac, and
sodium’s are yellow. Chemists
look for these colors to identify
the metals involved in reactions.

T~ Piece of . . S—
burning cesium Oxide layer gives this piece of
lithium a dull appearance.

Highly reactive
Alkali metals are usually stored in oil because they are
so reactive to the oxygen and water vapor in the air
that some of them will burst into flames when they
come into contact with it. Lithium tarnishes in the
air, but doesn’t ignite until it is heated (as pictured
on the left). It combines with oxygen to form a
. whitish compound called lithium oxide.
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Salt compounds
Alkali metals react with halogen elements to create salts,
such as sodium chloride. These are white crystals that

dissolve in water very easily. An example of this is sea Salt evaporation pools
at Salinas de Janubio,

Lanzarote, Canary Islands

salt, which is mostly sodium chloride, but also contains
potassium chloride and trace amounts of other salts.

Pile of salt
crystals remaining
after evaporation
of sea water
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Lithium

The main natural source of lithium ATOMIC MASS 6.94

is the thic!< layer of salt left over from STATE Solid

when ancient lakes and seas dried

out. This alkali metal is used to make DISCOVERY 1817 (Johan
long-lasting batteries inside cell August Arfvedson)

phones and electric cars.

Purple crystals in
this rock contain
lepidolite, an
ore of lithium

um is the lightest
all metals; it will
at on water even
it reacts with it.
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FOCUS ON...
SODIUM

The use of sodium

dates back thousands A Ancient Egyptians used a

of years. sodium compound, natron,
to preserve mummies.
./
Sodium

The most common alkali metal in Earth’s
crust, sodium is purified by electrifying
through sodium chloride. The electric
current splits the sodium and chlorine
apart in a process known as electrolysis.

ALKALI METALS | 25

A Sodium chloride,

A Sodium compounds
or common salt, adds  give some fireworks

flavor to foods. their yellow color.

Potassium

This metal helps the nerves and muscles in
the body work properly. Potassium is found
in foods such as bananas and avocados.
lts compounds are used in soaps, plant
fertilizers, and gunpowder.

ATOMIC MASS 22.99

ATOMIC MASS 39.098

STATE Solid

STATE Solid

DISCOVERY 1807 (Sir Humphry Davy)

Nugget of
pure sodium

DISCOVERY 1807 (Sir Humphry Davy)

A layer of
dark oxide
covers the
outside of
the metal.

Pure
potassium

Nugget of
potassium



LAKE NATRON

Tanzania’s Lake Natron is filled with a natural supply of
sodium salts, such as sodium carbonate, which wash
out of the volcanic rocks in the region. The water is
more alkaline than baking soda— perfect for the rapid
growth of a kind of bacteria that turns the lake red.




Any creature that falls into
Lake Natron quickly gets covered in

sodium salts and looks as if it has been
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Rubidium

This metal is very rare compared to other
alkali metals. Rubidium is named after
the Latin word for “red” as it produces a
deep-red flame when it burns. It is used
only in a few high-tech applications, such
as night-vision goggles.

ATOMIC MASS 85.468
STATE Solid
DISCOVERY
1861 (Gustav

Kirchhoff and
Robert Bunsen)

Leucite, an ore
of rubidium

Y
Cesium

7/ The most reactive metal found
on Earth, cesium explodes
violently on contact with

air. It is used in atomic
clocks, the most accurate
timepieces yet invented.

ATOMIC MASS
132.905

STATE Solid

DISCOVERY 1860
(Gustav Kirchhoff and
Robert Bunsen)

Laboratory sample of

.
Francium

The atoms of this radioactive element exist
only for a few minutes before breaking

up. As a result, francium is one of the
rarest elements. This metal was one of

the last elements discovered in nature
because of its rarity. It was named after the
country in which it was first found, France.

ATOMIC MASS (223)
. STATE Solid
DISCOVERY 1939 (Marguerite Perey)

As the uranium in this ore breaks

down, it releases actinium
atoms, which in turn break down
to release francium atoms.

pure cesium in an
airless vial j

Chunk of uraninite,
an ore of francium




of francium ever
ected was 1 million
atoms, in a US
poratory in 201







Li

Na

Rb

Alkaline

Be

12
Mg
20
Ca

38
Sr

56
Ba

88
Ra

La-

Lu

Ac-

Lr

Ti

Zr

Hf

Rf

La

Ac

Nb

Ta

Db

Th

Mo

Sg

Pr

Pa

Mn

Tc

Bh

Nd

Fe

Ru

Pm

Np

Pu

Ag

Au

Rg

Gd

Cm

Zn

Cd

Hg

Tb

Bk

Tl

Nh

Dy

Cf

Sn

Pb

Fl

Es

As

Sb

Bi

Er

Fm

Earth Metals

The elements in this group appear in nature as
minerals, or “earths,” that mix easily with water
to form compounds called alkalis. The minerals
of calcium are the most common because they

are found in living things—even in the shell of
this fossilized ammonite.

Te

Po

Lv

Tm

Md

Cl

Br

At

Ts

Yb

No

He

Ne

Xe

Rn

Og

Lu

Lr
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Alkaline Earth Metals

Forming the second column—or Group 2—of the periodic table,
these metals are not quite as reactive as their neighbors, the
alkali metals, which form Group 1. Most alkaline earth metals were
first found in Earth’s crust as oxide compounds. Solid at room
temperature, these elements have low melting and boiling points.

Magnesium
can be made
into a flexible ribbon

Soft metals Silvery shine

Most members of this group are soft, brittle Pure alkaline earth metals, such as
metals when pure, and are easy to cut with calcium (seen above), are shiny.

a knife. They also break easily when they These metals are highly reflective
are dropped or twisted. One exception is and have a very smooth surface,
beryllium, which is a hard, tough metal. which creates a mirrorlike shine.

Making alkalis
The crumbly minerals of these elements dissolve in
water to form chemicals called alkalis. In the past,
these minerals were called “earths,” which inspired
the name of the group.

Magnesite, a mineral
of magnesium
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Colorful flames
When alkaline earth metals react
with oxygen in the air, they burn
and release energy in the form

of light and heat. Each member of
this group burns with a distinctive,
colored flame. Magnesium
produces a particularly bright
white flame (pictured right).

Magnesium powder
produces the bright
white sparkles

of fireworks.

Fireworks displa
at Sydney Harb
Bridge, Austi
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Beryllium

While other metals expand when
hot and contract when cold,
beryllium keeps its shape at all
temperatures. This means it can
be used in machines such as ‘
high-speed aircraft, in which
some parts may become
extremely hot.

ATOMIC MASS 9.012
STATE Solid

DISCOVERY 1797
(Nicholas Louis Vauquelin)

Laboratory sample of
pure beryllium

Magnesium Mg

Pure magnesium is added to other metals such
as iron, not only to make them stronger but also
more lightweight. Useful compounds
of magnesium include magnesium
3 carbonate, which is used in
medicine for indigestion, and
, magnesium oxide, which is
found in cement.

f . DISCOVERY 1755
> (Joseph Black)

Laboratory sample of
pure magnesium
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FOCUS ON...
CALCIUM

This element is the most N #1% .
common alkaline earth A Writing chalk is A Milk is a source A The Sphinx of Giza
metal in Earth’s rocks, mainly made of a of calcium and helps is made from limestone,
and the most abundant calcium sulfate mineral to strengthen our a rock formed primarily
metal in the human body.  known as gypsum. bones and teeth. of calcium carbonate.

Calcium

The pure form of calcium reacts with water to make
hydrogen gas and calcium hydroxide, a compound used in
paper-making. The fifth most common element in Earth’s
crust, calcium is found in many minerals, very often as
calcium carbonate. This compound appears in many
forms, including calcite crystals.

ATOMIC MASS 40.078
STATE Solid
DISCOVERY 1808 (Sir Humphry Davy)

4 (in

Clear crystals of
calcite, an ore
of calcium

Crystals of pure calcium
refined in a laboratory
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Strontium

This metal is named after Strontian, a
village in Scotland near where the first
samples of strontium minerals were
discovered. Strontium has a wide range
of uses, including in fireworks that burn
red and toothpastes for people with
sensitive teeth.

ATOMIC MASS 87.62
STATE Solid

DISCOVERY 1787 (Adair Crawford),
1791 (Thomas Charles Hope)

The grayish
metal turns
yellow in the air.

Blue crystals of celestine,
an ore of strontium



38
Sr

Laboratory-refined
crystals of pure strontium

4
A radioactive form
of strontium is used to
generate electricity in
some remote areas,
—.~. Such as towns
) in the Arctic.
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. 56
Barium Ba

The name of this element comes from the
Greek word for “heavy.” Barium is not
radioactive or poisonous (unlike ;
most other heavy metals) so can
be swallowed during medical
tests to make the digestive
system clearer in X-rays.

ATOMIC MASS
137.327

STATE Solid

DISCOVERY 1808
(Sir Humphry Davy)

Blue crystals of
benitoite, an ore
of barium, in rock

Radium Ra

Tiny amounts of radium can be found

in ores of more common radioactive
elements such as uranium. Radium was
one of the first radioactive
elements ever discovered.

ATOMIC MASS (226)
STATE Solid

DISCOVERY
1898 (Marie and
Pierre Curie)

Chunk of
uraninite, an
ore of radium






L B B C N (0] F
Na Mg Al S P s cl
K Ca Ge A Se Bi
Rb Si S Sb Te |
Cs B Pb B B At
F Ra Fl Mc L Ts
Ho Erl WIDiN Wb
E Fm Md No
T [ |
ransition
Metals
O

The hard transition metals are often extracted
from their ores in their red-hot, pure, and molten
form via a process called smelting. While molten,
these metals can be precisely mixed to make
alloys, such as steels and brasses, which have
useful characteristics.
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Transition Metals

The largest collection of elements in the periodic table, there are
38 transition metals. Most of them have high melting and boiling
points, conduct heat and electricity well, and are easy to shape.

These metals are not as reactive as the alkali metals and alkaline
earth metals.

made of gold

Hard metals ? ]
The transition metals tend to be dense 7y )||  [Bracelet g =
v ¥ i

and hard compared to metals in other
sections of the periodic table. 1Y
They are frequently K\

mixed together to
make alloys, such
as steel or brass,
which are harder | Precious metals

and stronger still. The four “precious” metals—gold, silver,
platinum, and palladium—are transition
metals. They are called precious because
they are rare. They stay shiny without
’ Strong titanium corroding, which makes them ideal for
alloy wheel crafting jewelry.

Good conductors
‘\ The elements in this group are good conductors,
which means that heat and electric currents move
through these substances easily. Silver is the best
conductor of all, but it is too expensive to use in
large amounts. Electrical and telephone wires and
Copper wires television cables are largely made from copper,
inside electrical cable which is very common.
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Colorful compounds
Each transition metal can form a variety of colorful compounds.

Different compounds absorb different amounts of light energy, RainbowIMonntaing
which produces the variations in color. This is why the Rainbow at the Zhangye
Mountains in China have multiple hues: iron oxide causes Danxia Landform

Geological Park
in China

the red color, while iron sulfide results in the yellow.
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Scandium

There are very few ores that contain
significant amounts of scandium, so

it is not widely used. It is also expensive:
11b (0.45kg) of scandium costs more
than $120,000.

Titanium

This metal is as tough as steel but much
lighter. Titanium can be easily refined into
pure metal from its ore. It is mixed with
aluminum to make superstrong alloys for
aircraft bodies and engines.

ATOMIC MASS 44.956

ATOMIC MASS 47.867

STATE Solid

STATE Solid

DISCOVERY 1879 (Lars Frederik Nilson)

Laboratory
sample of
pure scandium

DISCOVERY 1791 (William Gregor)

The body of an
Airbus A380
superjumbo contains
about 84 tons
(77 metric tons)
of titanium.

The mineral albite,

which does not contain A S

titanium, grows .
alongside brookite.
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The mineral brookite
is a natural form of a
compound called
titanium dioxide.

Laboratory
sample of
pure titanium

Red-brown crystal of
brookite, an ore of titanium
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Vanadium

In ancient India, metalworkers learned

to make iron swords harder and sharper
by adding tiny amounts of vanadinite, the
main ore of vanadium. Today, 85 percent
of the pure vanadium produced is used
to make super-tough types of steel.

ATOMIC MASS 50.942
STATE Solid

DISCOVERY 1801 (Andrés
Manuel del Rio)

Red crystals of vanadinite,
an ore of vanadium




Laboratory
sample of
pure vanadium
crystals

Vanadium does
ot change shape,
en when hot, so it
used to build the
latest nuclear
fusion reactors.
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Chromium

Pure chromium is mixed
with steel to stop it from
rusting—producing
shiny stainless steel.
Compounds of
chromium come
in bright colors,
such as purple,
yellow, and red.

Laboratory sample %

of pure chromium

ATOMIC MASS 51.996
STATE Solid

DISCOVERY 1798 (Nicholas
Louis Vauquelin)

e
Manganese

When pure, manganese
is a gray metal that is
hard and brittle. It

is mixed with silicon
into steel to harden
it. This tough
steel can be
used to make
tank armor.

Chunk of :
rhodonite, an ore
of manganese

ATOMIC MASS 54.938
STATE Solid
DISCOVERY 1774 (Johan Gottlieb Gahnu




46 | ELEMENTS
- ______________________________________/

Iron

Oxygen, silicon, and aluminum are more ATOMIC MASS 55.845
common thap 'iro.n in rocks on Earth’s STATE Solid

surface, but it is iron that makes up around

35 percent of Earth’s mass. Most of it is DISCOVERY Around 35008cE

found in the planet’s core, which is a ball
made of hot iron and nickel, nearly
3,100 miles (5,000 km) wide.

iron-rich compound
in human blood
alled hemoglobin

Chunk of pure
iron refined in
a laboratory
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create the distinctive blue
.) coloring in fine china.
[/

FOCUSON... b
COBALT \

Cobalt and its compounds
have many uses, such as
strengthening steel and
making paints.

» Like iron and
nickel, cobalt is used
in strong magnets.

Cobalt

This metal’s name comes from the German word “kobold,”
which means “goblin” (a mischievous spirit). Medieval miners
would often mistake its poisonous ores as a source of the

precious metal silver—making them very ill.

ATOMIC MASS 58.933
STATE Solid
DISCOVERY 1739 (Georg Brandt)

Purple-pink crystals
of cobaltocalcite,
an ore of cobalt

Laboratory-refined
disk of pure cobalt




People have been
colorful oxides of iron for more than

20,000 years




CAVE PAINTING

This bison was painted on a wall of the Cave of
Altamira in Spain around 15,0008ckE. Its red color is
from ocher (a mixture of iron oxide, clay, and sand).
Many other oxides of transition metals have been
used as sources of color since prehistoric times.
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Nickel

Along with iron and cobalt, nickel is used to ATOMIC MASS 58.693

make strong magnets, such as those found  gTATE Solid

in electric motors. It is also used in many _
alloys, protecting them from corrosion. The ~ DISCOVERY 1754 (Axel Fredrik Cronstedt)
US 5 cent coin is made of an alloy of

copper and nickel.

A high concentration
of nickel gives this
mineral its green color.

Crystals of
garnierite, an
ore of nickel
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Copper

This distinctly red metal
is one of the few metallic
elements to be found
pure in nature. It was
one of the first metals

to be used by humans.
Mixing it with tin forms

a tough alloy called
bronze, which has been
in use for more than \
5,000 years.

Pellets of pure copper
refined in a laboratory

ATOMIC MASS 63.546

STATE Solid
DISCOVERY Prehistoric

51

Zinc

- Although this element was
4 not recognized until the
18th century, compounds
of zinc have been in use for
many centuries. Calamine
lotion, for example, contains
zinc oxide and is an ancient
recipe for soothing itches.

ATOMIC MASS 65.38

STATE Solid

DISCOVERY 1746
(Andreas Marggraf)

Laboratory sample
of pure zinc




Yttrium

The metal yttrium is more common in moon rocks

than in Earth’s crust. It has a number of high-tech

uses, such as in the making of camera lenses.
Yttrium-rich crystals can also make laser

+ beams powerful enough to cut through metal.

ATOMIC MASS 88.906
STATE Solid
DISCOVERY 1794 (Johan Gadolin)

Laboratory sample
of pure yttrium
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