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links to relevant You Tube videos, web pages and photographs, accessed by links at the bottom of each page.
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Topic 0 Formulae, equations and hazards
Recall formulae of elements, simple compounds and ions
Write word equations
Write balanced chemical equations, including the use of the state symbols (s), (l), (g) and (aq)

Write balanced ionic equations:

Describe the use of hazard symbols on containers:
a.
to indicate the dangers associated with the contents
b.
to inform people about safe-working precautions with these substances in the laboratory.

Evaluate the risks in a practical procedure and suggest suitable precautions
for a range of practicals including those mentioned in the specification
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Topic 1 Atomic structure
Electron 1/2000 amu
charge -1
Protons 1 amu
charge +1
Neutron 1 amu
Charge zero

Dalton’s Model of an atom
was a simple solid sphere.
Mass number
7

Li

(a.m.u. = Atomic Mass Unit)

3

Most of the mass is concentrated in the
nucleus which is very small compared to the
overall size of the atom.

Atomic number

The Atomic Number is the number of protons in the nucleus of an atom, it is
unique to a particular element – for example all atoms with 6 protons are
atoms of Carbon, all atoms with 7 protons are Nitrogen etc.
The Mass Number is the number of protons and neutrons in the nucleus. The
number of protons is unique to an element and most of the mass is also
concentrated in the nucleus.

In a neutral atom,
the number of electrons
equals the number of
protons.

Investigate the size of an oil molecule
1.1 1.2 1.3 1.4 1.5 1.6
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Topic 1 Isotopes
35

Cl

Isotopes contain the same number of protons but different numbers of
neutrons. The existence of isotopes explains why the Relative Atomic
Mass is not always a whole number. For example:

37

+

Cl

17

17

75%

25%

The Relative Atomic Mass Mr (H) of chlorine is calculated from the
abundance of each of the atomic masses of the isotope:

35.5

Cl

35 x 75 + 37 x 25 = 35.5
100

17

1.9 1.10 1.11 1.12(H)
)

For example:
There are two main isotopes of Chlorine:
Cl-35, with 17 protons and 18 neutrons (mass no. – atomic no.)
Cl-37, with 17 protons (atomic number) and 20 neutrons.
Around 75% of Chlorine atoms are Cl-35 and 25% Cl-37.
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Topic 1 Periodic Table
In a modern periodic table,
elements are arranged in order of
increasing atomic (proton) number, in
rows called periods.

Demitri Mendeleev was the first to publish an organized
table of elements. He arranged the elements, known at that
time, in order of relative atomic mass but he also used the
properties of the elements and their compounds if this
made more sense. Leaving gaps, he was even able to
predict the existence and properties of some elements that
had not yet been discovered.

Elements with
similar properties are placed in the same
vertical column, called groups.

Metals are to the left of the table and donate electrons. Non-metals, which generally gain electrons, are on the right.
1.13 1.14 1.15 1.16 1.17 1.18
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Topic 1 Electron
configuration
How many electrons are in each shell, written from the
inner one, outwards. E.g Li is 2,1, N is 2,5, Si is 2,8,4.

Electron configuration for Na is 2.8.1. Three shells, therefore in
Period 3 and 1 electron in the outer shell therefore in Group 1.
1.19 1.20
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The maximum number of electrons in the first shell
is 2, in the second shell it’s 8 and 8 in the third shell.
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Topic 1 Ionic bonding
When atoms react they end up with full outer electron shells
and they will combine together (bond) to form compounds.
Ions are atoms, or groups of atoms, that have gained or lost
one of more electron resulting in a negative or positive charge.
Ionic bonds are formed by the transfer of electrons between
atoms to produce cations and anions so achieving a Noble Gas
electron configuration For example Na+ + Cl-.
Knowing the mass (number of protons and neutrons) and
atomic (number of protons) numbers, you can work out the
numbers of protons, neutrons and electrons in an ion. If you
know the charge of an ion, you can then adjust the number of
electrons.

+

Losing an electron results in a positive ion,
e.g. Sodium in group 1 makes the Na+ ion
and Calcium in group 2 makes the Ca2+ ion.
1.21 1.22 1.23
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Gaining an electron results in a negative ion, e.g. oxygen
in group 6 makes the O2- ion and chlorine in group 7
makes the Cl- ion.
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Topic 1 Cations and anions
Cations

Anions

Lithium

Li+

Oxide

O2-

Sodium

Na+

Hydroxide

OH-

Potassium

K+

Halides

Br- Cl- I-

Magnesium

Mg2+

Nitrates

NO3-

Calcium

Ca2+

Carbonates

CO32-

Sulfates

SO42-

By balancing the positive and negative
charges, it is possible to work out the
formula of an ionic compound. For
example:

2 x Na+ plus 1 x CO32- = Na2CO3
1 x Ca2+ plus 2 x OH- = Ca(OH)2

Solid Ionic compounds have a regular arrangement of ions
held together in a lattice structure by strong electrostatic
forces (ionic bonds) between oppositely charged ions.
The ending -ide is used for a substance with two different
elements (or the OH- ion), -ate is used for three or more
elements, one of which is oxygen.
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Topic 1 Covalent bonding
When a pair of electrons is shared between
two atoms this is a covalent bond. Covalent
bonds are strong.

Hydrogen

Covalent bonding results in the formation of
molecules

Carbon dioxide
Oxygen

To the left are examples of simple molecular,
covalent substances
Atoms and small molecules are very small –
of the order of 10-9m = nano metres

Water

1.28 1.29 1.30 1.31
)
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Hydrogen chloride

Methane
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Topic 1 Classifying substances
Elements and compounds can be classified by their structure and bonding:
Ionic forces between ions (metal and non-metal) are strong and they form a giant lattice.
This results in high melting and boiling points. Ions are free to move only when molten or in
solution and therefore will conduct electricity in these states. They are not free in solids, so
these will not conduct.
Simple Molecular (covalent) molecules (non-metal) have low melting and boiling points
because the forces between the molecules (intermolecular) are weak. (The strong covalent
bonds between atoms don’t break). These are poor conductors of electricity.
The strong covalent bonds between atoms in Giant covalent structures, such as diamond
and graphite, mean that their properties are significantly different. Diamond and graphite
are examples of pure carbon, both have high melting and boiling points and are insoluble
in water. Because of the delocalised electrons, graphite is a good electrical conductor
Metals have a Metallic structure. Metals are malleable because layers slide over each other
and, with their delocalised electrons, they are good electrical conductors.
1.32 1.33 1.34 1.35 1.40
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Topic 1 Types of substance
Picture

Name

Melting
point /°C

Boiling
point /°C

Solubility
in water

Electrical
conductivity solid

Electrical conductivity
in solution

Type

Sodium
chloride

801

1 413

Soluble

No

Yes

Ionic

Hexane

-95

68

Insoluble

No

No

Simple
molecular

Silicon (IV)
oxide

1 600

2 230

Insoluble

No

No

Giant covalent

Magnesium

650

1 091

Insoluble

Yes

No

Metallic

Structure

Property

Metals

The only one that conducts electricity when solid and molten

Ionic compounds

Only conducts electricity when molten or in solution

Simple covalent

Low melting point – non electrical conducting

Giant covalent

High melting point – non electrical conducting (except
graphite)

Classify different types of elements and
compounds by investigating their melting
points and boiling points, solubility in water
and electrical conductivity (as solids and in
solution), including sodium chloride,
magnesium sulfate, hexane, liquid paraffin,
silicon (IV) oxide, copper sulfate and sucrose
(sugar).

Investigate the different types of bonding:
metallic, covalent and ionic
Investigate the typical properties of simple and giant covalent compounds and ionic compounds
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Topic 1 Diamond and graphite
Diamond and graphite are different forms of carbon. The diamond structure
is very rigid and this can be linked to the properties of diamond including its
use in high quality cutting tools. Diamond does not conduct electricity.

Diamond

Graphite has strongly bonded ‘layers’, linked by much weaker forces
(delocalised electrons).
There are delocalised (free) electrons in each layer of the
graphite, hence graphite is a good electrical conductor
and used to make electrodes. As layers easily slide past
each other, graphite is also used as a lubricant.

Graphite

The ball-and-stick models above are limited in that electrons are not represented
and there appear to be large gaps between atoms. Dot-and-cross models are two
dimensional, not showing bond angles.

1.35 1.36 1.37 1.41
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Topic 1 Other forms of carbon
Fullerenes C60

Graphene

hexagon

Consisting of a single large sheet of carbon atoms, interconnected
hexagonally in a honeycomb structure, graphene is super strong, light
and a good electrical conductor. These sheets can be rolled into tubes
called nanotubes which make use of these properties.

pentagon

Carbon atom

Covalent bond

1.38
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Fullerenes (C60) are good electrical conductors, they are very strong, due
to their covalent bonds, and are used in composites to strengthen
materials. There are weak intermolecular forces between fullerenes
which mean they can be used as lubricants where they act a bit like tiny
ball bearings.
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Topic 1 Polymers
Many ethene molecules (monomers) can combine
together in a polymerisation reaction. The polymer
formed is called poly(ethene).
polymerisation

The reaction is represented:

poly(ethene)

Poly(ethene):
Consists of large molecules containing chains of carbon atoms.
Examples are bags, bottles, bubble wrap.

1.39
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Topic 1 Metals
The regular arrangement of the
particles in a metal means that they
can slip against each other easily
and this allows metals to be drawn
into wires or beaten into thin
sheets (malleable).

Metals consist of a regular
arrangement of positive ions
surrounded by a sea of delocalised
electrons. This is why they are good
conductors of electricity.

Most metals are shiny solids with
high melting points, high density
and they are good conductors of
electricity.
Most non-metals have low boiling
points and are poor conductors of
electricity.

Investigate the properties of a metal, such as electrical conductivity
1.40 1.42
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Topic 1 Relative Formula Mass
To find the Relative Formula Mass (Mr) of Magnesium Oxide
(MgO), add the Relative Atomic Mass (Ar) of Magnesium (24)
to the Relative Atomic Mass (Ar) of Oxygen (16):

24 + 16 = 40

The Mr of magnesium oxide is 40
Alternatively, the formula of simple compounds can be found
from the reacting masses. This empirical formula represents
the smallest ratio of atoms present in a compound. For
example P4O10 would be represented as the smallest whole
number ratio of P2O5.

If 9.6g of Mg reacts with 6.4g of O:
9.6 / 24 (Ar Magnesium) = 0.4
6.4 / 16 (Ar Oxygen)
= 0.4

This empirical formula = MgO

Ratio 0.4 : 0.4 or 1:1 (MgO)
1.43 1.44 1.46
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Topic 1 Empirical formula
Finding the empirical formula (the smallest ratio of the constituent atoms)
from the molecular formula i.e.
In the empirical formula,
the subscripts used in
the formula cannot be
reduced any further.

C6 H12 O6 is expressed as C H2 O
The reverse, finding the molecular formula from the empirical formula is also
possible, provided you know the relative molecular mass:
C H2 O

C = 12
H=1x2=2
O = 16

30 (empirical formula)
Mr

If the relative molecular mass Mr for the molecule is 180 then 180 / 30 = 6
(so the molecular formula is 6x the numbers in the empirical formula)

molecular Empirical
formula formula

C6 H(2x6) O6 = C6 H12 O6
Determine the empirical formula of a simple compound
1.45 1.46
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Topic 1 Conservation of mass
During chemical reactions, atoms are neither created nor
destroyed. During chemical reactions, atoms are rearranged (swop
places) to make new products with different properties from the
reactants

This reaction can be used to
demonstrate that the total mass
before and after a reaction in a
sealed container is unchanged.
Even if the reaction takes place in an open flask the total mass still doesn’t change, it’s just that gas will have
been taken in or given out
Investigate mass changes before and after reactions
1.47

video

video

video

video

www

www

www

photo

photo

photo

page:

20

Topic 1 Reactant and product masses
Calculate the masses of reactants and products from balanced equations given the mass of one substance
i.e.
CaCO3 -> CaO + CO2
Using the Arto find Mr

100g of CaCO3
1g

Starting with 20g of calcium carbonate (CaCO3)
Ca = 40
C = 12
O = 16

CaCO3 = 100

CaO = 56

CO2 = 44

would give

56g CaO
&
44g CO2
56 g CaO
44 g CO2
100
100
Once you have this ratio you might be asked what mass of CO2 might come from 20g of CaCO3:
20g of CaCO3

1.48

would give
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(44/100) x 20 = 8.8g of CO2
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Topic 1 Concentration of solution
The concentration of a solution is the number of grams of substance in one litre (dm3)

If 73g of HCl is dissolved in 500 cm3
1.

Convert cm3 to dm3 (divide by 1000):

2.

Use the formula

500 / 1000 = 0.5dm3

Recall – you kneed to know:
Concentration

Concentration = mass / volume

= mass / volume
= 73 / 0.5
= 146 g / dm3
= 146 g dm-3

mass
conc.

Note that the units tell you how to work out the
concentration. g dm-3 means g divided by dm3

1.50(H)
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vol.

(g/dm3) = (g) / (dm3)
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Topic 1 The Mole (H)
The mole is a fixed number of particles, atoms, ions or
molecules of that substance, equal to the Avogadro
constant. (It might even be that number of wheelbarrows !)
Avagadro Constant = 6.02 x 1023

Using the Periodic Table, you can find the Ar for
any atom and Mr for any molecule. One Mole of
these ‘particles’ will have a mass equal to this
number (expressed in grams)
H2O = (1 x 2) + 16 = 18
Therefore 18g of water will contain 6.02 x1023
molecules of water

1.50(H)
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Topic 1 Mole Calculations (H)
The number of moles of
particles in a given mass of
that substance:

Example: How many moles in 48g of Mg ?
mass
Mole

The number of particles of a
substance in a given
number of moles of that
substance:

Moles

= mass = 48
Mr
24

= 2 moles

Mr
Example: How many particles in 2 moles of Mg?

mole

moles

particle Avogadro

= particles
= 2 x 6.02 x 1023
Avogadro’s number
= 1.20 x 1024

The number of particles of a substance in a given mass of that substance can be found by using the 1st
equation to find the number of moles and the 2nd equation to find the number of particles.

1.51(H)
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Topic 1 Limiting factor (H)
reactant

product

The mass of product formed is usually limited by the amount of reactant available, the reactant that is used
up first is then the limiting factor.
For example:
If magnesium is burnt in excess oxygen, then the mass of magnesium will be the limiting factor for the amount
of magnesium oxide produced
If copper is displaced by zinc in excess copper sulfate solution then the mass of zinc initially added will decide
how much zinc sulfate is produced.
1.52(H)
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Topic 1 Reaction stoichiometry (H)
(In other words the quantities in chemical reactions !)

CuSO4 (s) + xH2O (g)

CuSO4 . xH2O (s)

2.50g of solid hydrated copper sulfate is heated until all the water has been removed. After heating, 1.60g remain.
Find the stoichiometry for this reaction.
CuSO4 Mr = 160
Copper sulfate left (anhydrous) = 1.60g
Mole = mass / mr = 1.60 / 160 = 0.01

H2O
Mr = 18
Water lost (2.50-1.60)
Mole = mass / mr = 0.90 / 18

mass
Mole

= 0.90g
= 0.05

Mr

CuSO4.5H2O -> CuSO4 + 5H2O
Determine the formula of a hydrated salt such as copper sulfate by heating to drive off water of crystallisation (CuSO4 : 5H2O)
1.53(H)
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Topic 2 States of matter

Solid: Particles are arranged
in regular repeating
patterns, they are strongly
bonded and vibrate about a
fixed point

2.1

video

video

Liquid: The density is similar
to a solid. Particles are able
to move past other particles
but still held by weak forces.
Liquids take the shape of
the container.
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Gas: Density is less, there is no
pattern, particles are far apart
and move randomly. There is a
large space between particles
and they take the shape of the
container.
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Topic 2 Changing states
Deposition
(reverse
sublimation)

freezing

sublimation

melting

Evaporation / boiling
condensation
These changes are physical and can be reversed. Chemical changes cannot be easily reversed and new
substances are formed

2.2
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Topic 2 Energy change with state
At each change
mass is conserved

Increasing the temperature changes the energy stored or produces a change in state
You may be given data from which you will be required to predict the state (solid, liquid or gas) a substance is in.
2.3 2.4
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Topic 2 Pure substances
Pure: In Chemistry, describes a substance, either element or compound, of a
constant composition with its own unique chemical properties. A characteristic
of a chemically pure substance will be a unique sharp melting point
Chemical mixtures, for example
salt dissolved in water, will be
physical combinations of pure
substances of no definite
composition. These mixtures
(impure substances) will melt
over a range of temperatures

2.5 2.6

Pure substances, for
example sugar, tin or even
carbon dioxide will melt at
very sharp temperatures.

Substance

Melting point / °C

Comment

Pure water

0

Fixed melting point. Pure compound

Nitrogen

-209.9

Fixed melting point. Pure element

Sand (SiO2)

1710

Fixed melting point. Pure compound

steel

410 – 1 300

Range of melting points. Steel is a mixture / alloy
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Topic 2 Distillation
Simple distillation:
Water and ink are heated in a test tube, the
water boils off the mixture, travels down the
delivery tube and condenses in the cold
collection vessel / receiver.

Test tube

Boiling points:
Water = 100°C
Ethanol = 78°C

Delivery
tube

Fractional distillation:
Demonstration. At identifiable
temperatures, different fractions
of a mixture, such as ethanol and
water, are obtained – you will
need to change the receiver

Beaker
Ice

2.7 2.11
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Topic 2 Separating techniques
Filtration:
Used to remove
insoluble
substances from a
mixture. For
example removing
the grit and gravel
from salty water

Chromatography:
The mixture of soluble
colours that make up the
ink are carried at different
rates by the solvent
(water). as
it moves
up the
paper

Crystallisation:
Salts dissolved in water can be obtained
by evaporation of the solution.
The process can be sped up by placing
the evaporating basin
on a gauze over a Bunsen
though smaller crystals
result

2.7 2.8 2.9 2.11
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Topic 2 Paper chromatogram
Paper chromatography can be used to distinguish
between pure and impure samples as with the right
solvent (mobile phase) it will separate (and identify)
components of mixtures, including colouring agents
in foodstuffs. Individual substances can be identified
by calculation of an Rf value:

The Rf value for bright
green is 3cm / 6cm = 0.5

Rf = distance moved by compound
distance moved by solvent
Because the compound
CANNOT move faster
than the solvent, Rf
MUST be less than 1!

The Rf value
of a particular compound
is always the same and therefore this
method can be used to
identify substances in foods
and in forensics.
2.10
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Topic 2 Pure water
Seawater can be made potable
(drinkable) by distilling the
mixture to obtain pure
(distilled) water

Potable means that the
water can be drunk, usually
this means that it must be
treated first:
Sedimentation allows
insoluble bits to fall to the
bottom of a tank for later
removal.
Filtration removes ever
smaller insoluble bits from
the mixture.
Chlorination will kill
bacteria in the water

Dissolved salts must not be present in water used
for chemical analysis (i.e. looking at substance to
find out what’s in them) as they will give false
results. Very pure water is required for analysis.
2.12
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Topic 3 Acids (H / F)
A neutral solution has a pH of 7, more acidic
solutions have lower pH numbers whilst more
alkaline solutions have a higher pH number.

Alkali

14
pH is a measure of the number of hydrogen (H+), or
hydroxide (OH-) ions in a solution. The more H+ ions,
the more acidic, the more OH- ions the more alkali:
(H)
OH-

H+

7

Acid

pH

0
Litmus

Indicators can be used to find the pH. Litmus can
be used to see if a solution is acid or alkali (above
or below pH=7). Other indicators are sensitive to
different pH values.

Each single change in pH number relates to a ten fold
increase, or decrease in the H+ ion concentration (H)
3.1 3.2 3.3 3.4(H) 3.5(H)
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Topic 3 Reactions of acids
Acid + base

water
Test for hydrogen:

hydrogen

Hydrogen will ignite with a
‘squeaky pop’

water
water

Test for carbon dioxide:
Carbon dioxide, when bubbled
through limewater, will turn
limewater cloudy / milky.

A base is any substance that reacts with an acid to form a salt and water only. An alkali is a soluble base
Carry out simple neutralisation reactions of acids, using metal oxides, hydroxides and carbonates
Carry out tests for hydrogen and carbon dioxide
3.9 3.10 3.11
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Topic 3 Dilute & weak (H / F)
(H) Strong acid

(H) Weak acid

In terms of acids, a
dilute solution will
contain a small number
of hydrogen ions
compared to the
volume of water (H)
A concentrated solution
will contain a larger
number of hydrogen ions in
the same volume – adding
more water will make an
acid less concentrated not
weaker (H)

(H) Acids contain H+ ions. In a strong acid, all the ions of
the acid will dissociated when in aqueous solution, a
weak acid will only be slightly dissociated
(not so many H+ ions):

Neutralisation is a reaction between the H+ ions in the acid and
the OH- ions in the alkali to form water
. H+ + OH- -> H2O

3.7(H) 3.8(H) 3.13 3.14

video

video

video

video

www

www

www

photo

photo

photo

page:

37

Topic 3 Soluble salts
Preparation of soluble salt – Method 2

Strong acid-base titration curve:

Use a pipette to measure
a fixed volume of alkali
into a conical flask

Titration of 40,000cm3 of 0.100M
HCl with 0.100 M NaOH

Vol NaOH /cm3

Use a funnel to fill the burette with
acid of known concentration.
Add a suitable indicator - as the
end point is so sharp this will work
with either phenolphthalein or
methyl orange (not universal
indicator paper)
Vol of NaOH added /cm3

Run liquid from the burette and ‘swirl’ the conical flask. The end point is so sharp
that, when near, drops should be added one at a time. Repeat. Carry out again
without the indicator using the same unknown.
Pure salt can be obtained from the solution by evaporation.
3.18

video

video

video

video
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Topic 3: Solubility of salts
Soluble in water:
* All common sodium, potassium and
ammonium salts
* All nitrates
* Common chlorides, except those of
silver and lead
* Common sulfates, except those of
lead, barium and calcium

Mixing two solutions such as lead nitrate and
potassium iodide, can result in an insoluble
precipitate of lead iodide.
Any precipitate can be isolated by filtering,
washing and drying.

Insoluble in water:
* Common carbonates and
hydroxides, except those of sodium,
potassium and ammonium.

Barium sulfate is an example of an
insoluble precipitate. It is given to
x-ray patients because it is opaque
to x-rays. Barium salts are toxic
but, because they are insoluble,
they are safe to use as they won’t
enter the blood.

Pure sample:
Mix, filter, wash & dry

Prepare an insoluble salt by precipitation
3.19 3.20 3.21
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Topic 3: Electrolysis
Products of electrolysis

Product
A

Inert (carbon)
electrodes

Electrolytes are ionic
compounds in the molten
state or dissolved in water.

Product B

Electrolysis is a process
in which electrical
energy, from a direct
current supply,
decomposes electrolytes.

Copper chloride soln.

Electrolyte

Sodium chloride solution

A (cathode)

Cu

B (anode)

Cl2

H2 *

Cl2

Sodium sulfate solution

Positively charged cations
migrate (move) to the
negatively charged cathode

Negatively charged anions
migrate to the positively
charged anode

Cathode

H2 *

Anode

O2 *

Water acidified with
sulfuric acid
H2 *

O2 *

• Electrolysis of solutions containing sodium will produce hydrogen (H2)
• Electrolysis of solutions containing sulfate will produce oxygen (O2)
• Electrolysis of binary ionic compounds (like Lead Bromide) in a molten
state will produce the two elements – Lead (Pb) and Bromine (Br2)
Investigate the electrolysis of the above including demonstration of molten lead bromide

3.22 3.23 3.24 3.25 3.26
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video

video

video
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Topic 3 Copper sulfate electrolysis (H / F)
Anode

O.I.L. R.I.G.

Cathode

Oxidation is the loss of
electrons and occurs at
the positive anode (H)

These are
called
REDOX
reactions

Reduction is the
gaining of electrons
and occurs at the
negative cathode (H)

Cu(s)  Cu2+(aq) + 2eCu2+

 Cu2+

The following are the two half equations for
the reactions at the electrodes

Cu2+(aq) + 2e-  Cu(s)

Cu(s)  Cu2+(aq) + 2eImpurity

Copper (II) sulphate(aq)

Cu2+(aq) + 2e-  Cu(s)

The movement of copper from an impure anode to the cathode can be used to purify copper

3.27(H) 3.28(H) 3.29(H) 3.30
4.2(H) 4.5
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Reactivity Series

Topic 4 Reactivity of metals
By observing the reactions of the metals themselves with water and dilute
acid as well as the reactions between soluble salts of each metal, it is possible
to come up with a relative reactivity table.

Sodium

Na

Calcium

Ca

Magnesium

Mg

Aluminium

Al

(Carbon)

C

Zinc

Zn

Iron

Fe

(Hydrogen)

H

Copper

Cu

Silver

Ag

Gold

Au

dilute acid

K

Unreactive metals, such as gold, silver and (to some extent copper) are found
in the Earth’s crust as the uncombined elements. The others are extracted
from ores found in the earth’s crust.
Metal atoms will form cations (positive ions), metal elements that form these
more easily are the most reactive. When mixing, for example, magnesium
with copper sulfate, the more reactive magnesium will replace the copper to
produce magnesium sulfate and copper.
Mg

unreactive

Potassium

water

Element

+

CuSO4

+

>

MgSO4

+

Cu

>

Investigate simple oxidation and reduction reactions, such as burning elements in oxygen
or competition reactions between metals and metal oxides
4.1 4.3 4.4
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Topic 4 Oxidation and reduction (H / F)
The least reactive metals (i.e. those at the bottom of the table) tend not to react easily with
oxygen – gaining oxygen is called oxidation so metals like gold do not oxidise. The opposite,
the loss of oxygen, is called reduction. The more reactive a metal is, the harder it will be to
extract from it’s ore and the more energy this will require.
Displacement reactions are redox and the extraction of metals involves reduction of ores (H).

In the blast
furnace
(details not
needed).
iron is
displaced
by the
reduction
of its ore
by heating
with
carbon

There is lots of aluminium ore (bauxite)
available in the world but aluminium is
more reactive than iron and none of the
metals higher up in the Reactivity Series are
cheap. Aluminium is reduced from its ore
and extracted by very expensive electrolysis.
Plants can be used to extract metals from
(contaminated) soils, either naturally or
with the help of bacteria (bacterial and
phytoextraction). The plants are then
harvested and the metals extracted.
Investigate extracting metals from their ores

4.5 4.6 4.7 4.8(H) 4.9
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Topic 4 Recycling
Recycling metals is almost always cheaper than
extracting them from ore. Aluminium, Copper
and Steel have a high recycling / scrap value.

Recycling saves the energy needed
to extract more metal by the
reduction of its ore but it also means
that less ore has to extracted and
therefore less mining, which can
help reduce the environmental costs
to the landscape and preserve
supplies of valuable raw materials.

4.10 4.11 4.12

video

video

video

It is important to make a
lifetime assessment of the
total impact for a product,
taking into account the
Impact on the environment
obtaining the raw material,
the manufacturing environmental
costs and disposal costs
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Topic 4 Haber process (H / F)
Ammonia is produced by the addition of Nitrogen
(from the air) and Hydrogen (from natural gas) to form
ammonia. This is a chemical (reversible) reaction as
shown by the symbol
and can go in either
direction depending upon the conditions.
The reaction eventually reaches a state where the
forwards reaction is matched by the reverse reaction –
this is called a dynamic equilibrium.

The formation of ammonia is a reversible reaction that
can reach a dynamic equilibrium:
N2 +

3H2

2NH3

In order to obtain the maximum quantity of desired
product (ammonia) certain conditions are required:
• Iron catalyst
• High temperature 450°C. This increases the rate of
the reaction but has the effect of driving it to the
left, making less ammonia (H)
• High pressure 200 atmospheres. This, and removing
the product (ammonia), reducing the concentration,
drives the reaction to the right.

(H) Ammonia production, therefore, is a compromise
and a balance between the temperature which speeds
up the reaction and the pressure and concentration
which drives it in the direction of product.

pressure

Investigate reversible reactions, such as the decomposition of ammonium chloride
4.13 4.14 4.15 4.16 4.17(H)
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Topic 5 Transition metals (Chemistry)

Iron is a transition metal and exemplifies these properties. It has
a melting point of around 1,500°C, forms coloured compounds
and is used as a catalyst – for example in the Haber Process.

Transition metals

Transition metals, like all metals, can oxidise (some more readily
than others). This oxidation results in corrosion.
Iron can be prevented from
rusting by:

Most metals are transition metals and
their typical properties include:
• High melting point
• High density
• Catalytic activity of the metals and their
compounds
• The formation of coloured compounds

oil

• Excluding oxygen
• Excluding water
• Sacrificial protection – used
with a substance that will
oxidise more easily

boiled
water

calcium
chloride
Oxygen
& water

water no
oxygen

A sacrificial lump of magnesium corrodes and
therefore protects the iron pipe.
Carry out an activity to show that transition metal salts have a variety of colours
Investigate the rusting of iron
5.1(C) 5.2(C) 5.3(C)

video

video

video

video

www

www

www

photo

photo

photo

page:

46

Topic 5 Electroplating (Chemistry)
Electroplating can be used to improve the appearance and / or the resistance to corrosion of metal objects.
Gold is too soft and too expensive
to make medals from but
electroplating a thin layer can
produce amazing results.

Battery
Anode

Not only can
electroplating be used to
enhance the appearance
of objects – silver
teapots, gold cutlery,
cheap jewellery etc.,

Cathode

Electroplating can also
be used to improve the
resistance to corrosion of
metal objects, this is
used for battery
terminals.

Spoon
A silver cup will
often be
electroplated.

Silver ions in
solution

Cheap jewellery is usually plated
Electroplate a metal object
5.4(C)
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Topic 5 Alloys (Chemistry)
Alloying a metal is done by combining it with one or more
other metals or non-metals to enhance its properties. Steel
for example is much stronger than iron. At an atomic level,
the impurities added to the iron mean that it becomes more
difficult to rearrange the atoms in the alloy:
The layers of
the pure metal
will move and
rearrange easily.

Different sized atoms mean
that it is much more difficult
to rearrange the atoms in
the alloy. This changes the
properties of the metal.
Carbon is alloyed with steel to provide mild
steel, used in most applications, but steel can
also be alloyed with elements such as
Chromium or Nickel to change the properties.
Cr and Ni, for example, will form stainless steel.

Magnalium, aluminium alloyed with 5% magnesium, is
lighter and more workable than aluminium and can be
used to make metal mirrors and aircraft parts. It’s what
Maglite torches are made from!
Brass is an alloy of copper and zinc whose proportions
can be varied to create a range of different brasses with
varying properties.
Pure gold is very soft so has to be alloyed, usually with
silver but sometimes with copper or nickel.

Make an alloy or investigate the properties of alloys
5.5(C) 5.6(C) 5.7(C)
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Topic 5 Investigation: acid-alkali titration (Ch)
Use a pipette to measure a fixed
volume alkali into a conical flask

Titration of 40,000cm3 of 0.100M
HCl with 0.100 M NaOH

Vol NaOH /cm3

Use a funnel to fill the burette
with acid of known concentration.
Add a suitable indicator - as the
end point is so sharp this will
work with either phenolphthalein
or methyl orange (not universal
indicator paper)

Run liquid from the burette and ‘swirl’ the conical flask. The end point is so sharp
that, when near, drops should be added one at a time. Repeat. Carry out again
without the indicator using the same volumes, pure salt can be obtained from the
solution by evaporation. Simple calculations to find unknown concentrations (H).
5.9(C) 5.10(H)(C)

video

video

video
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Topic 5 Yields and atom economy (Chemistry)
% yield

= (actual yield x 100)

(theoretical yield)

Atom economy is similar but this looks at the mass of atoms produced
and the mass of reactants:

Atom economy

= (mass of atoms in desired product x 100)

(mass of atoms in reactants)

The actual yield will usually be
less than the theoretical yield,
causes of this include:

You may be asked to calculate the atom economy for a reaction
For example:

• Incomplete reactions
• Practical losses during the
experiment
• Competing, unwanted,
reactions (side reactions)

CH4(g) + 2O2(g)  CO2(g) + 2H2O(g) water is the desired product
12+(4x1) 2x16x2 12+(2x16) 2x((1x2)+16)
Mass of reactants
Mass of desired product

= 16 + 64 = 80
= 36

Atom economy

= 36 x 100
80

= 45%

Prepare a substance and calculate the percentage yield, given the theoretical yield
5.11(C) 5.12(C) 5.13 C) 5.14(C)
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Topic 5 Reaction pathway (Chemistry) (H)
Products can sometimes be made in more than one way (follow more than one pathway) so you need to look at the
atom economy, yield, rate, equilibrium and even the usefulness of other (by-products) that might be produced before
deciding on a particular pathway.
For example NaCl can be made in a number of ways:
Na2SO4 + BaCl2 
NaOH + HCl


2NaCl + BaSO4
NaCl + H2O

Lower atom economy
Higher atom economy

(but there is a useful by-product!)

Or a reversible reation:
N2
NH4Cl

+ 3H2

2NH3

100% atom economy
No by-product
Good yield at low temperature

NH3 + HCl

Equilibrium to the right

Lower atom economy Useful (but expensive) by-product
Poor yield at high temperatures

Prepare a substance and calculate the percentage yield, given the theoretical yield
5.15(H)(C)
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Topic 5 Molar volume (Chemistry) (H)
At room temperature , 1 mol of any gas will occupy a volume of 24 dm3
24dm3 is the same as 24 000 cm3

volume
Mole

CaCO3(s) + 2HCl(l)  CaCl2(aq) + H2O(l) + CO2(g)

24dm3

10g of CaCO3 is reacted with excess acid, find the volume of CO2 gas produced:
Find the number of moles of CaCO3:
10 / 100 = 0.1 moles

Avogadro’s Law says that “equal volumes of
all gases at room temperature contain the
same number of molecules”.

mass

Ratio of CaCO3 : CO2 = 1:1 (0.1 moles of CO2)

Mole Mr
N2 + 3H2

Volume = moles x 24 000
= 0.1 x 24 000
= 2 400 cm3

2NH3

If 100cm3 of nitrogen is reacted with excess
hydrogen, the volume of ammonia
produced will be 200cm3.
Determine the volume of one mole of hydrogen gas
by using the reaction of magnesium with hydrochloric acid

5.16(H)(C) 5.17(H)(C) 5.18(H)(C)

video
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Topic 5 Haber process (Chemistry)
The Haber process is a reversible reaction between
nitrogen and hydrogen to form ammonia.
(Also covered in Topic 4 – Foundation)
In order to obtain the maximum quantity of desired
product (ammonia) certain conditions are required:
• Iron catalyst – catalysts speed the reaction
• High temperature 450°C. This increases the rate of the
reaction but has the effect of driving it to the left,
making less ammonia.
Ammonia is reacted with
nitric acid to produce the
salt ammonium nitrate
which is used as a fertiliser.
Fertilisers may contain
nitrogen, phosphorus and
potassium compounds to
promote plant growth.

• High pressure 200 atmospheres. This, and removing the
product (ammonia), reducing the concentration, drives
the reaction to the right.
In industrial reactions, the cost of materials, catalysts and
of maintaining conditions such as temperature and
pressure are taken into account and the most economically
favourable conditions chosen for an acceptable yield.
5.19(C) 5.20(C)(H) 5.21(C)(H)
5.22(C) 5.23(C)
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Topic 5 Ammonium sulfate (Chemistry)
Making ammonium sulfate in the Laboratory:

Making ammonium sulfate in Industry

Add dilute ammonia solution to a beaker of
sulfuric acid until the beaker only just smells
of ammonia.

For the industrial process, the reactants are made from the
raw materials – ammonia via the Haber process (nitrogen from
the air, hydrogen from natural gas) and sulphuric acid from
sulfur (mined) reacted with oxygen (from the air) and water.

Evaporate most of the water (but not all of it
because the product will decompose).

This is, obviously, done on a much larger scale.

Crystallise the product

Prepare a sample of ammonium sulfate from ammonia solution and dilute sulfuric acid
5.24(C)
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Topic 5 Cells (Chemistry)
A chemical cell (a ‘battery’ like the one in a torch)
will continue to produce a voltage until one of the
reactants is used up.

In a simple (hydrogen-oxygen) fuel cell, hydrogen
and oxygen are used to produce a voltage and
water is the only product – making it a ‘clean’ fuel.
Hydrogen is highly flammable and explosive, more
care is required than when refuelling with petrol or
diesel.

5.25(C) 5.26(C) 5.27(C)
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The Periodic Table of Elements

