© EdexcelInternational AS e
Chemistry

lonic & Metallic Bonding & Structure

Contents

3 Evidence of lons

3 lonic Bonding & Structures
3 lonic Bond Strength

3 Polarisation

3 Metallic Bonding & Lattices

4 SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com 1


https://www.savemyexams.com/?utm_source=pdf

Evidence of lons A,

Your notes

Evidence oflons

= Mostionic, metallic and covalent solids are crystalline lattices

= Theions, atoms or molecules are arranged in aregular and repeating arrangement

Giantionic lattices

= Anionic bondis an electrostatic force of attraction between a positively charged metal
(cation)ion and a negatively charged non-metal (anion)ion

= The metalbecomes positively charged as it transfers electrons to the non-metal
which then becomes negatively charged

= Whenanionic compound is formed, the attraction between the ions happensin all
directions

= |onic compounds are arranged in giantionic lattices (also called giant ionic structures)

= Thetype of lattice formed depends on the sizes of the positive and negative ions which
are arranged in an alternating fashion

= Theioniclattice of MgO and NaCl are cubic

THE NEGATIVE IONS (ANIONS) ARE BIGGER
THAN THE POSITIVE IONS (CATIONS)

)
¢
3

'®

lonic lattices of the ionic compounds NaCland MgO

4 SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com 2


https://www.savemyexams.com/?utm_source=pdf

4

Your notes

>

Q)

\Y

(vs]

Q
7
N\

©
N
>
3

|6

Electron density maps shown above show the likelihood of finding electrons in a region.
This shows the electron density map for NaCl. The contours are lines of equal electron
density. A = Na* ions (smaller), B = Cl-ions (larger). Between the ions the electron density
falls to zero.

NEGATIVE ION

N VE POSITIVE ION

General ionic lattice which shows the actual packing of the ions

Melting and boiling point

= Mostionic compounds are solids at room temperature

= Thisisbecause thereisn'tenough energy to overcome the strong electrostatic forces of
attraction between the oppositely chargedions that make up the lattice

= Therefore, hightemperatures are required to make an ionic compound melt or boil
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Melting (and boiling) points are also higher for lattices that containions with a greater ,

ionic charge
Your notes
= Forexample, the melting point of sodium oxide, NayO, is 1405 K while the melting

point of calcium oxide, CaO, is 2845 K

= Thisis due to a stronger attraction between theions - the size of theionsisnot a
factor here as the Na+ and Ca2*ions are a similar size

Electrical Conductivity

S

For electrical current to flow there must be present freely moving charged particles such
as electronsorions

lonic compounds can conduct electricity in the molten state or in solution as they have
ions that can move and carry charge

They cannot conduct electricity in the solid state as the ions are in fixed positions within
the lattice and are unable to move

LELECTRICAL CONDUCTIVITY OF IONIC COMPOUNDS |

SOLID MOLTEN/SOLUT!ON

(#Fsave myexams

Molten or aqueous particles move and conduct electricity but cannot in the solid state

olubility

= Manyionic compounds will dissolve in polar solvents, e.g. water

Solubility is dependent on two main factors:
1. Breaking down theionic lattice

2.The polarmolecules attracting and surrounding the ions

= Polarmolecules, such as water, can break down or disrupt the ionic lattice and surround

eachioninsolution

= The 6+end of the polar molecule can surround the negative anion

= The 6- end of the polar molecule can surround the positive cation
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= The solubility of anionic compound depends on the relative strength of the electrostatic ,
forces of attraction within the ionic lattice and the attractions between the ions and the
polarmolecule Your notes

= |Ingeneral, the greater the ionic charge the less soluble anionic compound is

= Forexample, 356.9 g of sodium chloride, NaCl, will dissolve in one dm3 of water
while only 74.4 g of calcium chloride will dissolve in one dm3 of water

= Thisis a generalrule though and there are many exceptions

é” o THE ELECTROSTATIC
Iy ATTRACTION BETWEEN
Ny ///,/, THE K* AND THE CL”
IONS WEAKEN
ION-DIPOLE BONDS
FORM BETWEEN THE
WATER MOLECULES
AND THE ION
H6+
6+\5*
H—0O
%, - o
/,®\ &5/ /////h@\\\\\\\ N
\ W W S
N H\ Ty
H\o\57
/ 5e HYDRATED K™
H AND CL” IONS

The polar water molecules will form ion-dipole bonds with the ions in solution causing the
ions to become hydrated

Evidence

= The behaviour of ionic substances during electrolysisis a clear piece of evidence for the
existence of ions

= Positiveionsinsolution are attracted to the negative electrode

= Negativeionsinsolution are attracted to the positive electrode
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Your notes

NEGATIVE (=) CATHODE
@® ANODE

POSITIVE

AQUEOUS soumoﬂ

#Fsavemyexams

Setup of electrolysis

= Anexample whichis simple to see the separationis using copper(ll) chromate(Vl),
CuCrOy4

= The solution contains
= Cu?+ions (blue)

= CrO42-ions (yellow)
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ELECTROLYSIS OF COPPER (Il) CHROMATE (IV) ,
SHOWING THE MIGRATIONS OF IONS. Your notes

POSITIVE
ELECTRODE

NEGATIVE
ELECTRODE

POSITIVE
COPPER
IONS

NEGATIVE
CHROMATE
IONS

COPPER (I
CHROMATE (IV)

olf o

COPPER IONS
<—— | CU**(aq)
BLUE

CHROMATE (V1) IONS
Cr0,? (aq) E—
YELLOW

= Overallthe solutionis an olive green colour, but when the solution undergoes
electrolysis a blue colour appears around the negative electrode, and a yellow colour
appears around the positive electrode

= Thisis because the Cu?*ions are attracted to the negative electrode and their blue
colouris observed and the CrO42~ions are attracted to the positive electrode and their
yellow colouris observed
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lonic Bonding & Structures 4

Your notes

lonic Dot-and-Cross Diagrams

= Asageneralrule, metals are on the left of the periodic table and nonmetals are on
the right-hand side

= lonic bondinginvolves the transfer of electrons from a metallic element to a non-
metallic element

= Transferring electrons usually leaves the metal and the non-metal with a full outer shell
= Metalslose electrons from their valence shell forming positively charged cations
= Non-metal atoms gain electrons forming negatively charged anions

= Once the atoms becomeions, their electronic configurations are the same as anoble
gas

= Apotassiumion (K*) has the same electronic configuration as argon: [2,8,8]*

= Achlorideion(CI") also has the same electronic configuration as argon: [2,8,8]

LOSS OF ELECTRON
LEAVES ION POSITIVELY

CHARGED
GROUP 1 METAL SQUARE BRACKETS TO
CONTAINS 1 OUTER SHOW THE CHARGE IS
ELECTRON EVENLY DISTRIBUTED
OVER THE ION

5 2l

LOSS OF AN
= =

ELECTRON

L |

OUTER

ELECTRON
SHELL LITHIUM LITHIUM CATION
7
POSITIVELY
CHARGED ION

Forming cations by the removal of electrons from metals
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GAIN OF 2 ELECTRONS ,
LEAVES OXYGEN Your notes
NEGATIVELY CHARGED

GROUP 16 NON-METAL 2 ELECTRONS
CONTAINS 6 OUTER FROM A DIFFERENT
ELECTRONS ATOM
B e
GAIN OF
d 2 ELECTRONS ::>
OUTER L J

ELECTRON
SHELL OXYGEN OXYGEN ANION
i
NEGATIVELY
CHARGED ION

Forming anions by the addition of electrons to nonmetals
= Cations and anions are oppositely charged and therefore attracted to each other

= Electrostatic attractions are formed between the oppositely chargedions to
formionic compounds

= Theionic bondis the electrostatic attraction formed between the oppositely charged
ions, which occursin all directions ( this called non-directional bonding)

= This form of attractionis very strong and requires alot of energy to overcome

= This causes high melting pointsinionic compounds
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THE METAL ATOM ,
LOSES ITS 1 ELECTRON
FROM THE OUTER SHELL

Your notes

GROUP 1 METAL

GROUP 17 NON-METAL
HAS 1 ELECTRON

HAS 7 ELECTRONS

IN ITS OUTER IN ITS OUTER SHELL
SHELL
jiu/ W"' -
POTASSIUM | CHLORINE | POTASSIUM CHLORIDE
CATION ANION
THE POTASSIUM THE CHLORIDE
ION IS POSITIVELY ION 1S NEGATIVELY
CHARGED AFTER CHARGED AFTER
LOSING 1 ELECTRON GAINING 1 ELECTRON
THE K* AND CL™ IONS ARE
ATTRACTED TO EACH OTHER —
THROUGH ELECTROSTATIC FORCES. ———
THIS FORMS THE IONIC COMPOUND KCL.

CHLORIDE

Cations and anions bond together using strong electrostatic forces, which require a lot of
energy to overcome

= Theions form alattice structure which is an evenly distributed crystalline structure

= |onsinalattice are arranged in aregular repeating pattern so that positive charges
cancel out negative charges

= The attraction between the cations and anionsis occurring in all directions
= Eachionis attracted to all of the oppositely chargedions around it

= Therefore the final lattice is overall electrically neutral
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Your notes

NEGATIVELY
CHARGED ION

POSITIVELY
CHARGED ION

POSITIVELY ELECTROSTATIC
AND NEGATIVELY FORCES OF
CHARGED IONS ATTRACTION
CANCEL EACH | | | BRINGS CATIONS
OTHER OUT. SO " AND ANIONS

THE LATTICE TOGETHER TO
HAS A NEUTRAL FORM A LATTICE
CHARGE OVERALL STRUCTURE

IONS ARE EVENLY DISTRIBUTED
AND NEATLY ARRANGED IN THE
LATTICE

lonic solids are arranged in lattice structures

Dot and cross diagrams

= These are diagrams that show the arrangement of the outer-shell electronsin
anionic or covalent compound or element

= Theelectrons are shown as dots and crosses
= |nadotandcrossdiagram:
= Only the outerelectrons are shown
= The charge of theionis spread evenly which is shown by using brackets

= Thecharge oneachioniswritten at the top right-hand corner

lonic compounds

= |onic bonds are formed when metal atoms transfer electrons to anon-metalto forma
positively charged and negatively chargedion

= The atoms achieve a noble gas configuration

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com 11



https://www.savemyexams.com/?utm_source=pdf

!

+ — /
Your notes
=
— 2+ 2
MgO . @ — MgO
~—

2+

CaF, CaF,

\
S
|
QO

|
|

%
o

r

Dot-and-cross diagrams of ionic compounds in which one of the atoms transfers their
valence electrons to the other

Calcium fluoride
= CalciumisaGroup 2 metal
= |tlosesits 2 outerelectrons to form a calciumionwith a +2 charge (Ca?)
= Fluorineis a Group 7 non-metal
= |tgains1electronto formafluorideionwitha-1charge (F")
= Asbefore, the positive and negative ions are attracted to each othervia anionic bond
= However, to cancel out the 2+ charge of the calciumion, 2 fluorine atoms are needed
= Eachfluorine atom canonly accept1electron from the calcium atom
= 2 fluorideions willbe formed

= Calcium fluoride is made when1calciumion and 2 fluoride ions formionic bonds, CaF,

The finalionic solid of CaF,is neutral in charge

o

Worked Example
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Answer

o

Answer

Draw a dot cross diagram for lithium nitride

= LithiumisaGroup 1 metal

It losesits outer electron to formalithiumion with a +1 charge (Li*)
Nitrogenis a Group 5 non-metal
It gains 3 electrons to form a nitride ion with a -3 charge (N3-)

To cancel out the -3 charge of the nitride ion, 3 lithium atoms are needed and
3lithiumions will be formed
Lithium nitride is made when 1nitride ion and 3 lithiumions formionic bonds

The finalionic solid of LizN is neutral in charge

o

—+

Dot and cross diagram to show the ionic bonding in lithium nitride

Worked Example

1, SaveMyExams

Draw a dot cross diagram for aluminium oxide

= Aluminiumis a Group 3 metal

© 2026 Save My Exams, Ltd.

= |tlosesits outer electrons to form an aluminiumion with a +3 charge (AI3+)
= OxygenisaGroup 6 non-metal
= |tgains 2 electrons to forman oxide ionwith a -2 charge (0%)

4

Your notes
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bonds

1, SaveMyExams

= The finalionic solid of Al,Ozis neutral in charge

-

© 2026 Save My Exams, Ltd.

= Tocancel out the negative and positive charges, 2 aluminium and 3 oxygen
atoms are needed
= Aluminium oxide is made when 2 aluminiumions and 3 oxygen ions form ionic

Dot and cross diagram to show the ionic bonding in aluminium oxide

4

Your notes
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lonic Bond Strength ,

Your notes

Trend: Atomic Radius

= Elementsinthe periodic table are arrangedin order of increasing atomic number and
placed invertical columns (groups) and horizontal rows (periods)

= The elements across the periods show repeating patterns in chemical and physical
properties

= Thisis called periodicity
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All elements are arranged in the order of increasing atomic number from left to right

Atomicradius

= The atomicradiusis the distance between the nucleus and the outermost electron of an
atom

= The atomic radiusis measured by taking two atoms of the same element, measuring the
distance between their nuclei and then halving this distance

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com
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= |nmetals thisis also called the metallic radius and in non-metals, the covalent radius

Atomic radii of Period 3 elements

= Youcanseeacleartrendacross the period:

Period 3

Element Na Mg

Atomic 0.157 | 0.136 | 0.125 | 0.117 | 0.110 | 0.104 | 0.099 | No
Radius (nm) data

ATOMIC RADIUS (nm)

0.15

0.12

0.094

0.06

0.03

The graph shows a decrease in atomic radii of Period 3 elements across the period

= Acrossthe period, the atomic radii decrease

= Thisis because the number of protons (the nuclear charge) and the number of electrons

increases by one every time you go an element to the right

= Theelementsinaperiodall have the same number of shells (so the shielding effectis the

same)

= This means that as you go across the period the nucleus attracts the electrons more
strongly pulling them closer to the nucleus

s

Your notes
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= Because of this, the atomic radius (and thus the size of the atoms) decreases across the ,

period

é

P

Your notes

Mg

Al

Si

©e®

S

Cl

Ar

& © © @

The diagram shows that across Period 3, the elements gain extra electrons in the same
principal quantum shell

lonic Radius & Charge

lonic radius

= Theionic radius of an elementis a measure of the size of anion

= |onicradiishow predictable patterns

= |onic radiiincrease with increasing negative charge

= |onicradiidecrease with increasing positive charge

= Fornegativeions

= They are formed by atoms gaining electrons

= The outermost electrons are further away from the positively charged nucleus and
are therefore held only weakly to the nucleus which increases the ionic radius

= The greaterthe negative charge, the larger the ionic radius

= Forpositiveions

= Positively chargedions are formed by atoms losing electrons

= Thenuclear charge remains the same but there are now fewer electrons that
undergo a greater electrostatic force of attraction to the nucleus which decreases

theionic radius

= The greater the positive charger, the smaller the ionic radius

1, SaveMyExams
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PERIOD 2

PERIOD 3

PERIOD 4

PERIOD 5

Trends inlonic Radius

The strength of ionic bonding, therefore, depends on both the charges and the sizes of
the twoions

SIZES OF ATOMS AND THEIR IONS IN PM
GROUP 1| |GROUP 2| |GROUP 13| |GROUP 46| |GROUP 17
Li* Li | Be* Be | B B |O @)2' F F-
90 Q:434 59 90 | 41 82 |73 126 | 71 @ 119
Na* Na | Mg?* Mg | A" AL |S s | cl o
116 @454 86@430 68 118 402@470 ggi[«ﬁ
K* K | Ca® Ca Br Br-
452@196 44j 174 444@ 182
Rb" Rb | Sr%" Sr | In® In | -
’IGGE 211 1327 192 | 94 144 133 206

Trends in the ionic radii across a period and down a group

Higher charges and smaller sizes produce strongerbonds

Thisis because:

= Astheionic chargeincreases, or the ionic radius decreases, the charge density
increases

Isoelectroniclons

1, SaveMyExams

These areions that have the same electronic configuration

For example the following ions all have the electronic configuration of 1s2 2s2 2p%

However, they all have different numbers of protons, therefore will have a differentionic

radius

= N3-(7protons)

© 2026 Save My Exams, Ltd.
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Your notes
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= O2-(8 protons) ,

= F(9protons) Your notes

= Na*(11protons)
= Mg?+(12 protons)
= A+ (13 protons)

= Asthenumberof protonsinthe nucleus of the ionincreases, the electrons get pulledin
more closely to the nucleus

= Theradiiof theisoelectronic ions therefore fall across this series of ions

= N3-hasanionicradius of 0.171nm and A3+ has anionic radius of 0.054 nm

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com 19


https://www.savemyexams.com/?utm_source=pdf

Polarisation ,

Your notes

The Polarisation of anions & Cations

= Theoreticallattice energies assume a perfectionic model where the ions are 100%
spherical and the attractions are purely electrostatic

= Sooverall, there has abeen acomplete andirreversible exchange of outer shell
electrons between the two elements in the compound so that one ionis negatively
charged and the otherion positively charged and the charges are whole values

= Theoreticallattice energy can differ from measured lattice energy
= Thisisbecause covalent characterisintroduced when there is polarisation of the anions

= Whenthis occurs, the cation attracts electrons from the anion therefore distorting
electron density of the anion

+ — +
IONIC BONDING WITH SOME
COVALENT CHARACTER

IONIC BONDING

Polarisation of anion leading to covalent character

Cations
= Acationwith alarge charge density will have alarger polarising power

= The charge density can be calculated as the charge of the cation divided by the surface
area, forexample

= K*willhave alower polarising power than Li* as the ionic radius is greater
= Na*willhave alower polarising power than Mg2+as the charge is smaller

= Soacationthatis small and highly charged will have the greatest polarising power

Anions

= Anions are polarised

= The polarisability of the anion depends of its ionic radius

= Thelargertheionicradius the more easily it will be distorted, for example

= Br-willbe more polarisable than CI”as the ionic radius is larger

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com
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Metallic Bonding & Lattices

Metallic Bonding & Lattices

1, SaveMyExams

Metal atoms are tightly packed togetherinlattice structures

When the metal atoms are inlattice structures, the electrons in their outer shells are free
to move throughout the structure

The free-moving electrons are called ‘delocalised electrons’ and they are not bound to
theiratom

When the electrons are delocalised, the metal atoms become positively chargedions
The positive ions repel each other

The strong forces between the positive metal centres and the ‘sea’ of delocalised
electrons holds the lattice together and keeps it stable

LELECTRONS IN THE OUTER SHELL

OUTER SHELL
OF THE METAL
ATOMS

WHEN METALS ARE
CLOSELY PACKED IN
A LATTICE, THEIR
OUTER ELECTRONS
DISSOCIATE FORMING

THE DELOCALISED (MOBILE) POSITIVE METAL IONS
ELECTRONS ARE FREE TO
MOVE THROUGH THE METAL

JOICIO[OX
o

4

Your notes

ONCE THE OUTER ELECTRON
ARE DELOCALISED, THE
POSITIVE METAL IONS

ARE SUSPENDED IN THE
"SEA"™ OF ELECTRONS

METALLIC BONDING INVOLVES
STRONG ELECTROSTATIC
FORCES OF ATTRACTION
BETWEEN THE POSITIVE
METAL IONS AND
DELOCALISED ELECTRONS

© 2026 Save My Exams, Ltd.
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The positive metal ions are suspendedin a ‘sea’ of delocalised electrons ,

Simple Properties of Metals Your notes

= Metals form giant metallic lattices in which the metalions are surrounded by a ‘sea’ of
delocalised electrons

= The metalions are often packed in hexagonal layers orin a cubic arrangement

= Thislayered structure with the delocalised electrons gives a metalits key properties

,ECOPPEF( ATOM

COPPER (Cu)

Layers of copperions (the delocalised electrons are not shown in the diagram)

= |f otheratoms are added to the metal structure, such as carbon atoms, this creates an
alloy

= Alloys are much stronger than pure metals, because the other atoms stop the layers of
metalions sliding over each other easily

= The strength of the metallic attraction canbeincreased by:
= Increasing the number of delocalised electrons per metal atom
= Increasing the positive charges on the metal centresin the lattice
= Decreasing the size of the metalions

= Duetothe delocalised ‘sea’ of electrons, metallic structures have some characteristic
properties shown below:

Metallic Bonding Properties Table

Property Reason

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com
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High meltingand | There are strong electrostatic forces of attraction between the
boiling point delocalised electrons and positive metal ions which results in strong
metallic bonds within giant metallic structures.
These require large amounts of energy to overcome the forces and
break the bonds
Good The delocalised electrons are able to move and carry charge.
conductors of . o .
electricity Forexample, in a circuit, electrons entering one end of the metal
cause adelocalised electron to be displaced from the other need.
Hence, electrons can flow and conduct electricity
Good The delocalised electrons are free to move within the metal structure.
conductors of
heat The conversion of the kinetic energy of the electron to heat energy

whenit collides with the metal atoms/nucleiresults in the transfer of
energy.

Thisis alongside the increased vibrations and movement of the
particles (positive ions and delocalised electrons)

Malleable and
ductile

Layers of positive ions can easily slide over one another to take up
different positions.

This does not disrupt the metallic bonding as the delocalised
electrons do not belong to any particular metal atom and so they can
move with the layers of positive ions, maintaining the electrostatic
forces.

Therefore, the metallic bonds are not broken and, as a result, metallic
bonds are strong but flexible/

=

1, SaveMyExams

Examiner Tips and Tricks

You should be able to draw the structure of a metal with positive ionsin layers and the
delocalised electrons surrounding the ions

If drawing the structure of a metalin the exam, make sure to include labels for metal
ions and delocalised electrons

4

Your notes
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