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Bonding and Structure

When a chemical reaction occurs, new bonds are formed. The can form by the
transfer of electrons or by the sharing of electrons.

lonic Bonding

Charged particles called ions are formed when electrons are transferred
between atoms during chemical bonding.

e.g.

When sodium chloride (NaCl) forms, one electron is transferred to chlorine.
This will form a full stable outer shell (like noble gasses) for the two particles
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Covalent Bond

When hydrogen gas(H,) forms electrons are shared between two atoms to
form a molecule. There is no charge on molecules.
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Electrons share to
form a full outer shell




Materials and Bonding

lonic Bonding

Here is the information needed to draw ionic bonding diagrams.

Check the ionic charges by using the ions table at the back of the examination

paper.
Sodium Chloride (NaCl) Group 1 with Group 7
Electron
Before Bonding Transfer
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Strong electrostatic
charge between the ions

Magnesium oxide (MgO) Group 2 with Group 6
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Strong electrostatic
charge between the ions

MgO has a higher
melting point than
NacCl as the charges
are greater i there is
more attraction
between ions




Materials and bonding

Lithium Oxide (Li20) Group 1 with Group 6
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Materials and Bonding

Covalent Bonds

Hydrogen (Hy)

()

Electrons share to
form a full outer shell

Chlorine (Cly)

Electrons share to
form a full outer shell

©w

Water (H,0)

Electrons share to
form a full outer shell

G5,

Hydrogen Chloride (HCI)

Electrons share to
form a full outer shell




Materials and Bonding

Covalent Bonding

Ammonia (NHs) m

g
GHD
)

Covalent examples with double bonds (Higher Tier)

Oxygen (0O,) Carbon Dioxide (CQO,)
SO ok ckor

Ethene (CyH,)
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Simple and Giant structures

Giant ionic structure (e.g. sodium chloride, magnesium oxide),

High Melting and Boiling points
Solubility = Dissolved in water

Simple molecular structure (e.g. carbon dioxide, water)

%

CO, H,O (water) CH4 (methane)

Low Melting and Boiling points
Solubility = Dissolved in water

As the forces between molecules are weak the melting and boiling points are low

Giant covalent structure (e.g. diamond, graphite),

Very High Melting and Boiling points
Solubility = Does not dissolve in water

Diamond Graphite

GCSE Scierce: Chemistry 2



Diamond and Graphite Carbon atoms linked
covalently to three
Carbon atoms other carbon atoms

Carbon atoms linked
covalently to four

other carbon atoms \ /

Diamond Graphite
Sea of free moving
_ electrons because
PrOpertles related to uses the fourth electron is
_ unbonded.
Graphite
Appearance Grey/black shiny solid
Hardness very soft
Conductivity Conducts electricity
Melting point | Very high over 3600°C
Uses Pencil lubricants
Diamond
Uses
Appearance Transparent/crystalline | Gemstones
Hardness very hard Glass cutting, Drill bits

Conductivity | Electrical insulator
Melting point | Very high over 3500°C

Carbon nanotubes

1 They are roles of carbon
hexagons like graphite.

1 They conduct electricity / used
in semi-conductors

1 The have a very small

diameter which is about

10,000 times less than a

human hair.

They are extremely strong.

Very low density

They are proposed to be used

in small electronic circuits
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Materials
The uses of everyday materials depend on their properties.

Aluminium Ceramic Diamond

Low density Hardness, strength Hardness, lustre

" Aluminium Oxide | | " Teflon | " Glass

©—

| Low friction and wear l ’ Low friction high Mpt ‘ ' Hardness transmits light ‘

The properties of all materials, are determined by: -
the types of atoms present,
the types of bonding between the atoms,
and the way the atoms are packed together

Metals are giant structures with free electrons

Metallic bonds are strong, so metals can maintain a regular structure and
usually have high melting and boiling points.

Outer shell electrons of metals are free to move.

The strength of bond in a metal is the force of attraction between the metal
ions and free moving electrons.

More free electrons and more protons in the ions increase the strength of a
metal.



Metallic bonding

Free electrons allow electricity to be carried as well as heat energy.

Sodium metal

Outer electron
free to move

X X X

These electrons allow metals to conduct electricity and conduct heat.

@X

Metals are also malleable (hit into shape) and ductile (drawn into wires)
because the free electrons allow the metal atoms to slide over each other.

Having more free electrons in the outer shell e.g. Aluminium compared to
sodium above and more protons in each nucleus the forces of attraction for
the free electrons is greater. This makes the metal stronger.

Aluminium metal

More outer
electrons
free to
move.

More protons in
each ion
attracting more
electrons




Smart Materials
The term smart material has been given to a range of modern materials.

A variety of smart materials exist which can change shape and colour, retain
shape after bending and can expand greatly with different liquids.

This means that their properties change.

The materials properties change with a change in the surroundings, such as
changes in temperature, light, pH.

Thermochromic Paint

This smart material can change colour with a change in temperature.

The boat seen in this t shirt appears because
thermochromic paint has been used. Under cold
conditions the pigments are white, but when heated
in warm weather, or if the person becomes warmer
the pigments change colour to reviles a picture of a
boat.

Photo chromic Paint

This material can change colour with a change in the light strength.

The sunglass lenses become darker when exposed
to strong light and become lighter in weak light




Shape memory alloy

This smart material is a mixture of metals (alloy) that retains its original shape
when heated

A mixture of nickel and titanium make up the alloy
called NiTi or nitinol.

This metal can be bent into any shape at low
temperature, but when heated it can remember its
original shape so it bends back very quickly. It can
be used as a coffeepot thermostat.

Stents are metal structures that can be inserted in
veins to prevent them from sticking together. The
stents are cooled to below 37°C, so they change
shape and become thinner, when inserted into the
vein it warms up to body temperature and changes
shape to open the vein.

This alloy can also be used in super elastic
spectacle frames. These retain their original shape
after bending them.

Shape memory polymer

This smart material is a form of plastic that can retain its original shape when
heated. These could be used for: -

Surgical sutures are threads of smart polymer that
can tighten to the right tension automatically when
heated.

Car bumpers could be made from this material. If
the car body such as bumpers were dented, on
heating they would regain their original shape.




Polymer gels

This smart material is a form of plastic with cross linkage (see diagram below)
that can swell or shrink with different liquids.

ONONONG.
ONOCNONGC.
O O0O0

No cross linkage across polymer Cross linkage across polymer

These gels can swell to 1000 times their volume depending on the
temperature or pH.

Artificial snow dthis smart material expands
greatly by adding water. It can also shrink by
heatin g.

W \ 3

Nappies dthis smart material is like
artificial snow and expands greatly when it
becomes wet.

Contact Lens dwithi n these lensesthere isa
smart material which prevents them from drying
up. They can then be used for weeks instead of

days.

Artificial muscles dgels can be usedto swell
and shrink creating an artificial muscle.

Robot actuat ors dgels can be usedto swell and
shrink creating movement.

{ \i%‘ Toxic Chemical absorber dgels can be usedto
: ,g’g}{ block dangerous chemicalsin the body



Oresi Met al s are found in compounds in rocks
are called ores

Ore Formula Metal extracted

Bauxite Al203 Aluminium

Haematite Fe>03 Iron

w h

Extraction is the term for getting pure metal out of the ore; there are two methods of
extracting metals which depend on their reactivity

Reduction is the process of removing oxygen from the ore using carbon.
Electrolysis is the process of using electricity to extract a metal .

Reactivity Series T metals are placed in order of reactivity by reacting them with
oxygen, water and acid. From this data a reactivity series is produced

The Reactivity
i Extraction Method
SEIES

Potassium ~
Sodium Metals more reactive than carbon
Calcium > are extracted using
- Magnesium ELECTROLYSIS
R . .
S Aluminium ~
[ Carb
8 (Carbon)
x Zinc Metals less reactive than carbon
(@) Iron
f= are extracted by CHEMICAL
© Lead REDUCTION using CARBON
Qo Hydrogen
(&)
£ Copper
Silver [ Unreactive - occur naturally as ]
Gold elements (NATIVE)

At the top metals naturally bond to oxygen stronger which makes it difficult to remove.




Displacement Reactions

Reduction is the loss of oxygen  from a compound

Oxidation is the gain of oxygen to form a compound

& Magnesiumand copper oxide Mg + CuO — MgO + Cu

oxidation

T

Magnesium + copper oxide——" magnesium oxide + copper

~_ -

reduction

Blast Furnace Reaction

Fe O +3CO —> 3CO_ + 2Fe

Iron oxide and carbomonoxide

oxidaton

T~

iron oxide + carbon — carbon monoxide + iron

[ —

reduction

The Thermite Reaction Fe O ,+2Al —> AlO,  + 2Fe

oxidation

Iron oxide + aluminium — aluminium oxide + iron

reduction




Displacement Examples

Fe+ CuCl, ——»Cu +
FeCl,

iron + copper chloride — copper +iron chloride iron is more reactive
than copper, as a result iron displaces copper

Iron and copper chloride

copper and silver nitrate* Cu + 2AgNO3; —» 2Ag + Cu(NOs)2

copper + silver nitrate — silver + copper nitrate

copper is more reactive than silver, as a result copper displaces silver

zinc and copper sulphate* Zn + CuSOs ——» Cu + ZnSO,

zinc + copper sulfate ——>» copper+ zinc sulfate

zinc is more reactive than copper, as a result zinc displaces copper

* higher tier only




The Blast Furnace &The extraction of iron

There are 4 raw materials ; iron ore, coke, limestone and hot air

Iron ore &the source of iron Limestone §to remove impurities.
Lmestone breaks down and reacts with
sand from the rocks to form slag

Coke da fuel that produces

carbon monoxide for the Hot air dthe fourth raw material
reduction reaction

Required for coke to burn

Raw Materials
1. Iron ore /\\
2. Limestone

3. Coke

Waste gases

4. Hot air

/_J (raw material )

s

slag

Molten iron

Carbon (coke) and oxygen (from the hot air) produce carbon monoxide and gives off

heat. Reduction is achieved by Carbon monoxide at a high temperature

Iron oxide + carbon monoxide — iron + carbon dioxide

FeO, + [3CO — [p Fe + [3CQ

Getting the furnace up to temperature takes a lot of time and costs a lot. As a result
raw materials are constantly added and products removed dthe process is continuous.

At the factory in Port Talbot iron ore, limestone and coke are imported from other
countries even though they are available in Wales. Using raw materials from Wales is
not sustainable due to cost and the effect it could have on the environment

(quarrying).




