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Topic 1 Periodic Table
In a modern periodic table, elements are
arranged in order of increasing atomic
number, in rows called periods.
Elements with similar properties are placed
in the same vertical column, called groups.

Demitri Mendeleev was the first to publish an organized
table of elements. He arranged the elements, known at
that time, using the properties of the elements and their
compounds. Seeing gaps, he was even able to predict the
existence of some elements that had not yet been
discovered.
The Alkali Metals are in Gp1, the Halogens in Gp7 and the Noble Gases in the
last column – called Gp0. Metals are to the left and non-metals to the right.

1.1 1.2
1.9 4.1
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Mass number
7

Li
3
Atomic number

In a neutral
atom, the
number of
electrons
equals the
number of
protons.
1.3 1.4 1.5
1.6 1.7 1.8

Topic 1 Structure of the atom
Electron 1/2000 amu -1
Protons 1 amu +1
Neutron 1 amu zero
(a.m.u. = Atomic Mass Unit)

The nucleus is very small compared to the
overall size of the atom.

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. Whilst
the number of protons for an element is fixed, the number of neutrons can
change – these are called isotopes.
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Topic 1 Relative Atomic Mass

37

+

Cl

17

17

75%

25%

35.5

Cl
17
1.8 1.10(H)
1.11(H)

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:
For example:
There are two main isotopes of Chlorine:
Cl-35, with 17 protons and 18 neutrons, and
Cl-37, with 17 protons and 20 neutrons.
Around 75% of Chlorine atoms are Cl-35 and 25% Cl-37.

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

(35 x 75/100) + (37 x 25/100) = 35.5
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Topic 1 Electron shells
Gp 3

Electron configuration for Na is 2,8,1.
3 shells therefore in Period 3 and 1 electron
in the outer shell therefore in Group 1.
1.12 1.13

Gp 4

Gp 5

Gp 6

Gp 0

Gp 7

The maximum number of electrons
in the first shell is 2, in the second
shell it’s 8 and it’s 8 in the third shell .
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Topic 2 Ions
Atoms are energetically more stable 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 to
form cations and anions so achieving a Noble Gas electron
configuration For example Na+ + Cl-.

Loosing an electron results in a
positive ion, called a cation.
Usually atoms in Gps 1 &2.
2.1 2.2
2.3 2.4

Gaining an electron results in a
negative ion, called a anion. This
usually happens to atoms in Gp 6 & 7.
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Cations
Lithium

Topic 2 Ionic compounds

Li+

Anions
Oxide

O2-

Sodium

Na+

Hydroxide

OH-

Potassium

K+

Halides

Br- Cl- I-

Beryllium

Be2+

Nitrates

NO3-

Magnesium

Mg2+

Carbonates

CO32-

Calcium

Ca2+

sulfates

SO42-

2.5 2.6
2.7(H) 2.8

Ionic compounds are formed
from a regular arrangement of
ions held together in a lattice
structure by strong
electrostatic forces
(ionic bonds)
between oppositely
charged ions.

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

Ionic substances, including sodium chloride and
magnesium oxide, have relatively high melting points.
Their boiling points are also high and they conduct
electricity when the ions are free to move - molten or in
aqueous solution. Ions in a solid are not free to move
and so do not conduct electricity. The ending -ide is
used for a substance with two different atoms, -ate is
used for three or more atoms, one of which is oxygen.
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Topic 2 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

Insoluble in water:
* Common carbonates and
hydroxides, except those of sodium,
potassium and ammonium.
2.9 2.10 2.11
2.12 2.13 2.14

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.

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.
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Topic 2 Tests for ions

Tests for ions:
CO32Add dilute acid

Bubbles, test for CO2
limewater goes misty

SO42-

Add dilute HCl and then
add barium chloride
solution

Cl-

Add dilute nitric acid and White precipitate
then silver nitrate solution soluble

Thick white
precipitate, insoluble
in acid, formed

Spectroscopy (a type of flame test) is used to detect the presence
of very small amounts of elements. Spectroscopy led to the
discovery of new elements, including rubidium and caesium due
to the unique colour pattern.
Rb
Cs
2.15 2.16

Sodium ions:
Na+
Burn with a yellow
flame
Potassium ions:
K+
Burn with a lilac
flame
Calcium ions:
Ca2+
Burn with a brick
red flame
Copper ions:
Cu2+
Burn with a blue /
green flame
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Topic 3 Covalent bonds
Hydrogen

When a pair of electrons is shared between two
atoms this is a covalent bond. Covalent bonds
are strong.
Two or more atoms bonded together form a
covalent molecule.

Carbon dioxide (H)

Covalent molecules can be either Simple
Molecular (as shown on the left) or Giant
Molecular (as shown later)
Hydrogen chloride

3.1 3.2
3.3 3.5

Water

Methane

Oxygen (H)

Simple Molecular covalent molecules have low
melting and boiling points because the forces
between the molecules are weak. The covalent
bonds don’t break.
Because there are no free electrons, they are
poor conductors of electricity.
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Topic 3 Giant molecular

Simple Molecular covalent molecules have low melting and boiling points
because the forces between the molecules are weak. The strong covalent
bonds between atoms in Giant molecular structures, such as diamond
and graphite, mean that their properties are significantly different.
Diamond and graphite both have high melting and boiling points
and they are insoluble.
Graphite

Diamond

The diamond structure is very rigid and this can be linked to the properties
of diamond including its use in high quality cutting tools.

Graphite has strongly bonded ‘layers’, linked by much weaker forces
(delocalised electrons), these layers easily slide past each other. Graphite is
used as a dry lubricant.

3.6 3.7(H)

There are delocalised (free) electrons in
each layer hence graphite is a good electrical conductor.
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3.4 4.5

Name

Melting
point /°C

Topic 3 Classifying

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

Type

Test

Metals

The only things that conducts electricity when solid

Ionic compounds

Conducts electricity when in solution

Simple covalent

Low melting point – non electrical conducting

Giant covalent

High melting point – non electrical conducting (except graphite)
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Two immiscible
liquids can be
separated using a
separating funnel

N2 out - Low boiling point

Liquid
Air in

3.8 3.9
3.10 3.11

Topic 3 Separation
Paper chromatography
can be used to separate
and identify components
of mixtures, including
colouring agents in
foodstuffs.

O2 out - High boiling point
Miscible liquids can be separated by
fractional distillation. A common
example is the separation of liquid air
to produce nitrogen and oxygen

Rf = distance moved by compound
distance moved by solvent
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.
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Topic 4 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.
4.2 4.3
4.4 4.6

Most metals are Transition Metals
(between Gp2 & 3) which have high
melting points and form coloured
compounds.
The Alkali Metals are in Gp1.
These are soft enough to cut with a
knife and have comparatively low
melting points.
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Alkali Metals
Li
Lithium

Na
Sodium

Topic 4 Alkali metals (Gp 1)
The reactivity of the alkali metals increases as
you travel down the group from Li to Na to K
and so on.
As you move down the group the one outside
electron is easier to remove because it is
further from the positive pull of the nucleus.
Alkali metals react with water to form alkaline
hydroxides and hydrogen.

K
Potassium

2Li(s) + 2H2O(l) -> 2LiOH(aq) + H2(g)
In water, lithium moves around, sodium wizzes
around and melts into a ball whilst potassium
wizzes around and catches fire.

4.7 4.8
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< < < increasingly darker in colour

C2

4.9 4.10
4.11 4.12 4.13

F2
Fluorine
Pale yellow gas
Cl2
Chlorine
Pale green gas
Br2
Bromine
Red liquid gives of
brown vapour
I2
Iodine
Black solid giving
off a purple vapour

Topic 4 Halogens (Gp 7)
Halogens are missing one electron in the outer shell, they
react with metals and gain an electron to form metal halides:

F

Sodium + Chlorine -> Sodium chloride
2Na(s) + Cl2(g) -> 2 NaCl(s)
Halogens react with hydrogen to produce hydrogen halides
which dissolve in water to form acidic solutions.
For example: Hydrochloric acid

Cl

Reactivity of the Halides decreases as you move down the
column / Group. Fluorine will displace Chlorine which will
displace Bromine etc. because it becomes harder to gain
electrons the further the shell is from the nucleus.

Br

2KBr (aq) + Cl2 (aq) -> Br2 (aq) + 2 KCl (aq)
As bromine is darker than chlorine, the solution gets darker if
displacement occurs

I
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Topic 4 Noble Gases

The Noble Gases are chemically inert, compared with the
other elements, and this (almost) lack of reactivity can be
explained by the full outer electron shells of the atoms.
The Noble Gases were discovered when chemists realised
that the density of air with the oxygen removed differed
from the density of manufactured nitrogen – there had
to be something else in the air that didn’t react with
anything. Experiments eventually identified these inert
Noble Gases.

4.14 4.15
4.16 4.17

Noble gases can be used to make coloured lights, in fire
extinguishers because they are non-flammable and they are
used in welding because they do not support combustion.
Helium is used to fill balloons but the density (and the
boiling point) increases as you move down the group.

He
Ne

Ar

Kr

Xe
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Topic 5 Energy of reaction

When the energy content of the products is lower than the energy content of the
reactants, the reaction gives out heat energy – it is exothermic. Examples include
combustion and explosions.

exothermic

When the energy of the products is greater than the reactants, heat energy is taken in –
it is endothermic. For example photosynthesis and ammonium nitrate in water:
endothermic

Breaking weak bonds needs
(little) energy
Making strong bonds releases
(lots of) energy
salts dissolving in water (Usually) Endothermic

5.1 5.2 5.3
5.4 5.5 5.6(H)

neutralisation reactions

Exothermic

displacement reactions

(Usually) Exothermic

precipitation reactions

Exothermic

Overall therefore a reaction will
be exothermic if strong bonds
are made – or vica versa
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Topic 5 Rates of reaction

The marble chips experiment is used to show that the
rate of a chemical reaction increases with temperature,
concentration of reactant(s) and increased surface area.

Catalysts provide a
surface on which
chemical reactions can
take place, they reduce
the amount of energy
required.
Chemical reactions vary from very fast to very slow.
Collision theory: For a reaction to
take place particles must collide, the more frequent
or energetic the collision, the more chance there is
that a reaction will occur. Reactions are only more
energetic if the temperature is increased.
5.7 5.8 5.9 5.10 5.11(H) 5.12 5.13

Catalytic converters:
These provide a large surface area
that allows the incomplete reactions in the
engine to be exposed to air (oxygen), producing
water and carbon dioxide. Catalytic converters
work best at high temperatures (long journeys).
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Topic 6 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.
This empirical formula = MgO
6.1 6.2
6.3

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
Ratio 0.4 : 0.4 or 1:1 (MgO)
21
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In reality, the actual yield is less
than the theoretical yield – there
are lots of ways in which the
product can ‘disappear’.
The % yield can be calculated:
Actual yield x 100
Theoretical yield
• incomplete reactions
• practical losses during the
preparation
• competing, unwanted
reactions etc.
6.4 6.5(H)
6.6 6.7 6.8 6.9

Topic 6 Yield calculations
The percentage composition by mass of a compound can be
calculated from its formula and the relative atomic masses of its
constituent elements. For example:
2Mg + O2 → 2MgO

Relative Atomic Mass Ar:
Relative Formula Mass Mr:

(H)

Mg = 24
O = 16
MgO = 24 + 16 = 40

% = mass of atom x no. of atoms / mr of compound
% composition by mass of oxygen
= (16/40) x 100 = 40%
% composition by mass of magnesium
= (24/40) x 100 = 60%

If you burn 6g of magnesium in air you can calculate a mass of
product or Theoretical yield (H): If 6g represents 60% of mr, then
100% will be 6 x 100/60 = 10g of magnesium oxide.
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Topic 6 Efficiency & waste
Chemists in industry work to find the most
efficient reactions. These are where the % yield
is high, where all the products can be used
commercially and where the reaction isn’t too
expensive or doesn’t happen too slowly.

Many reactions produce waste
products which are not
commercially useful and these
can present economic,
environmental and social
problems for disposal.
6.10 6.11(H)
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