Subject: GCSE Science – Chemistry

Key Stage: 4

Year: 10

Curriculum Intent. Chemistry is the science of the composition, structure, properties and reactions of matter,
understood in terms of atoms, atomic particles and the way they are arranged and link together. It is
concerned with the synthesis, formulation, analysis and characteristic properties of substances and materials
of all kinds.
Learning outcomes
Assessment criteria
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Atomic structure and the periodic table
The periodic table provides chemists with a
structured organisation of the known
chemical elements from which they can
make sense of their physical and chemical
properties. The historical development of the
periodic table and models of atomic
structure provide good examples of how
scientific ideas and explanations develop
over time as new evidence emerges. The
arrangement of elements in the modern
periodic table can be explained in terms of
atomic structure which provides evidence for
the model of a nuclear atom with electrons in
energy levels.

Atoms, elements and compounds
All substances are made of atoms. An atom is
the smallest part of an element that can exist.
Atoms of each element are represented by a
chemical symbol, eg O represents an atom of
oxygen, Na represents an atom of sodium.
Mixtures
A mixture consists of two or more elements or
compounds not chemically combined
together. The chemical properties of each
substance in the mixture are unchanged.
The development of the model of the atom
(common content with physics)
New experimental evidence may lead to a
scientific model being changed or replaced.
Before the discovery of the electron, atoms
were thought to be tiny spheres that could not
be divided.
Relative electrical charges of subatomic
particles
In an atom, the number of electrons is equal to
the number of protons in the nucleus. Atoms
have no overall electrical charge.
Size and mass of atoms
Atoms are very small, having a radius of about
0.1 nm (1 x 10-10 m). The radius of a nucleus is
less than 1/10 000 of that of the atom (about 1
x 10-14 m).
Relative atomic mass
The relative atomic mass of an element is an
average value that takes account of the
abundance of the isotopes of the element.
Electronic structure
The electrons in an atom occupy the lowest
available energy levels (innermost available
shells). The electronic structure of an atom can
be represented by numbers or by a diagram.
The periodic table
The elements in the periodic table are
arranged in order of atomic (proton) number
and so that elements with similar properties are
in columns, known as groups. The table is
called a periodic table because similar
properties occur at regular intervals
Development of the periodic table
Before the discovery of protons, neutrons and
electrons, scientists attempted to classify the
elements by arranging them in order of their
atomic weights.
Metals and non-metals
Elements that react to form positive ions are
metals. Elements that do not form positive ions

are non-metals. The majority of elements are
metals. Metals are found to the left and
towards the bottom of the periodic table. Nonmetals are found towards the right and top of
the periodic table.
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Bonding, structure, and the properties of
matter
Chemists use theories of structure and
bonding to explain the physical and
chemical properties of materials. Analysis of
structures shows that atoms can be arranged
in a variety of ways, some of which are
molecular while others are giant structures.
Theories of bonding explain how atoms are
held together in these structures. Scientists use
this knowledge of structure and bonding to
engineer new materials with desirable
properties. The properties of these materials
may offer new applications in a range of
different technologies.

Chemical bonds
There are three types of strong chemical
bonds: ionic, covalent and metallic. For ionic
bonding the particles are oppositely charged
ions. For covalent bonding the particles are
atoms which share pairs of electrons. For
metallic bonding the particles are atoms which
share delocalised electrons.
Ionic bonding
When a metal atom reacts with a non-metal
atom electrons in the outer shell of the metal
atom are transferred. Metal atoms lose
electrons to become positively charged ions.
Non-metal atoms gain electrons to become
negatively charged ions. The ions produced by
metals in Groups 1 and 2 and by non-metals in
Groups 6 and 7 have the electronic structure of
a noble gas (Group 0).
Ionic compounds
An ionic compound is a giant structure of ions.
Ionic compounds are held together by strong
electrostatic forces of attraction between
oppositely charged ions. These forces act in all
directions in the lattice and this is called ionic
bonding.
Covalent bonding
When atoms share pairs of electrons, they form
covalent bonds. These bonds between atoms
are strong. Covalently bonded substances may
consist of small molecules.
Metallic bonding
Metals consist of giant structures of atoms
arranged in a regular pattern
The three states of matter
The three states of matter are solid, liquid and
gas. Melting and freezing take place at the
melting point, boiling and condensing take
place at the boiling point.
State symbols
In chemical equations, the three states of
matter are shown as (s), (l) and (g), with (aq)
for aqueous solutions.
Properties of ionic compounds
Ionic compounds have regular structures (giant
ionic lattices) in which there are strong
electrostatic forces of attraction in all directions
between oppositely charged ions.
Properties of small molecules
Substances that consist of small molecules are
usually gases or liquids that have relatively low
melting points and boiling points.
Polymers
Polymers have very large molecules. The atoms
in the polymer molecules are linked to other
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Quantitative chemistry
Chemists use quantitative analysis to
determine the formulae of compounds and
the equations for reactions. Given this
information, analysts can then use
quantitative methods to determine the purity
of chemical samples and to monitor the yield
from chemical reactions. Chemical reactions
can be classified in various ways. Identifying
different types of chemical reaction allows
chemists to make sense of how different
chemicals react together, to establish
patterns and to make predictions about the
behaviour of other chemicals. Chemical
equations provide a means of representing
chemical reactions and are a key way for
chemists to communicate chemical ideas.
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Chemical changes
Understanding of chemical changes began
when people began experimenting with
chemical reactions in a systematic way and
organizing their results logically. Knowing
about these different chemical changes
meant that scientists could begin to predict
exactly what new substances would be
formed and use this knowledge to develop a

atoms by strong covalent bonds. The
intermolecular forces between polymer
molecules are relatively strong and so these
substances are solids at room temperature.
Giant covalent structures
Substances that consist of giant covalent
structures are solids with very high melting
points. All of the atoms in these structures are
linked to other atoms by strong covalent
bonds. These bonds must be overcome to melt
or boil these substances. Diamond and
graphite (forms of carbon) and silicon dioxide
(silica) are examples of giant covalent
structures.
Properties of metals and alloys
Metals have giant structures of atoms with
strong metallic bonding. This means that most
metals have high melting and boiling points.
Metals as conductors
Metals are good conductors of electricity
because the delocalised electrons in the metal
carry electrical charge through the metal.
Metals are good conductors of thermal energy
because energy is transferred by the
delocalised electrons.
Conservation of mass and balanced chemical
equations
The law of conservation of mass states that no
atoms are lost or made during a chemical
reaction so the mass of the products equals
the mass of the reactants.
Relative formula mass
The relative formula mass (Mr ) of a compound
is the sum of the relative atomic masses of the
atoms in the numbers shown in the formula.
Mass changes when a reactant or product is a
gas
Some reactions may appear to involve a
change in mass but this can usually be
explained because a reactant or product is a
gas and its mass has not been taken into
account.
Chemical measurements
Whenever a measurement is made there is
always some uncertainty about the result
obtained.
Concentration of solutions
Many chemical reactions take place in
solutions. The concentration of a solution can
be measured in mass per given volume of
solution, eg grams per dm3 (g/dm3 ).
Metal oxides
Metals react with oxygen to produce metal
oxides. The reactions are oxidation reactions
because the metals gain oxygen.
The reactivity series
When metals react with other substances the
metal atoms form positive ions. The reactivity of
a metal is related to its tendency to form
positive ions. Metals can be arranged in order

wide range of different materials and
processes. It also helped biochemists to
understand the complex reactions that take
place in living organisms. The extraction of
important resources from the earth makes use
of the way that some elements and
compounds react with each other and how
easily they can be ‘pulled apart’.

of their reactivity in a reactivity series. The
metals potassium, sodium, lithium, calcium,
magnesium, zinc, iron and copper can be put
in order of their reactivity from their reactions
with water and dilute acids.
Extraction of metals and reduction
Unreactive metals such as gold are found in
the Earth as the metal itself but most metals are
found as compounds that require chemical
reactions to extract the metal.
Reactions of acids with metals
Acids react with some metals to produce salts
and hydrogen.
Neutralisation of acids and salt production
Acids are neutralised by alkalis (eg soluble
metal hydroxides) and bases (eg insoluble
metal hydroxides and metal oxides) to
produce salts and water, and by metal
carbonates to produce salts, water and
carbon dioxide.
Soluble salts
Soluble salts can be made from acids by
reacting them with solid insoluble substances,
such as metals, metal oxides, hydroxides or
carbonates. The solid is added to the acid until
no more reacts and the excess solid is filtered
off to produce a solution of the salt.
The pH scale and neutralisation
Acids produce hydrogen ions (H+ ) in aqueous
solutions. Aqueous solutions of alkalis contain
hydroxide ions (OH– ).
The process of electrolysis
When an ionic compound is melted or
dissolved in water, the ions are free to move
about within the liquid or solution. These liquids
and solutions are able to conduct electricity
and are called electrolytes.
Electrolysis of molten ionic compounds
When a simple ionic compound (eg lead
bromide) is electrolysed in the molten state
using inert electrodes, the metal (lead) is
produced at the cathode and the non-metal
(bromine) is produced at the anode.
Using electrolysis to extract metals
Metals can be extracted from molten
compounds using electrolysis. Electrolysis is
used if the metal is too reactive to be
extracted by reduction with carbon or if the
metal reacts with carbon. Large amounts of
energy are used in the extraction process to
melt the compounds and to produce the
electrical current.
Electrolysis of aqueous solutions
The ions discharged when an aqueous solution
is electrolysed using inert electrodes depend
on the relative reactivity of the elements
involved.
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Energy changes
Energy changes are an important part of
chemical reactions. The interaction of
particles often involves transfers of energy
due to the breaking and formation of bonds.
Reactions in which energy is released to the
surroundings are exothermic reactions, while
those that take in thermal energy are
endothermic. These interactions between
particles can produce heating or cooling
effects that are used in a range of everyday
applications. Some interactions between ions
in an electrolyte result in the production of
electricity. Cells and batteries use these
chemical reactions to provide electricity.
Electricity can also be used to decompose
ionic substances and is a useful means of
producing elements that are too expensive to
extract any other way.

Subject: GCSE Science – Chemistry

Energy transfer during exothermic and
endothermic reactions
Energy is conserved in chemical reactions. The
amount of energy in the universe at the end of
a chemical reaction is the same as before the
reaction takes place. If a reaction transfers
energy to the surroundings the product
molecules must have less energy than the
reactants, by the amount transferred.
Reaction profiles
Chemical reactions can occur only when
reacting particles collide with each other and
with sufficient energy. The minimum amount of
energy that particles must have to react is
called the activation energy.

Key Stage: 4

Year: 11
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The rate and extent of chemical change
Chemical reactions can occur at vastly
different rates. Whilst the reactivity of
chemicals is a significant factor in how fast
chemical reactions proceed, there are many
variables that can be manipulated in order to
speed them up or slow them down. Chemical
reactions may also be reversible and
therefore the effect of different variables
needs to be established in order to identify
how to maximise the yield of desired product.
Understanding energy changes that
accompany chemical reactions is important
for this process. In industry, chemists and
chemical engineers determine the effect of
different variables on reaction rate and yield
of product. Whilst there may be compromises
to be made, they carry out optimisation
processes to ensure that enough product is
produced within a sufficient time, and in an
energy-efficient way.

Calculating rates of reactions
The rate of a chemical reaction can be found
by measuring the quantity of a reactant used
or the quantity of product formed over time:
Factors which affect the rates of chemical
reactions
Factors which affect the rates of chemical
reactions include: the concentrations of
reactants in solution, the pressure of reacting
gases, the surface area of solid reactants, the
temperature and the presence of catalysts.
Collision theory and activation energy
Collision theory explains how various factors
affect rates of reactions. According to this
theory, chemical reactions can occur only
when reacting particles collide with each other
and with sufficient energy. The minimum
amount of energy that particles must have to
react is called the activation energy
Catalysts
Catalysts change the rate of chemical
reactions but are not used up during the
reaction. Different reactions need different
catalysts. Enzymes act as catalysts in biological
systems.
Reversible reactions
In some chemical reactions, the products of
the reaction can react to produce the original

reactants. Such reactions are called reversible
reactions and are represented:
Energy changes and reversible reactions
If a reversible reaction is exothermic in one
direction, it is endothermic in the opposite
direction. The same amount of energy is
transferred in each case.
Equilibrium
When a reversible reaction occurs in apparatus
which prevents the escape of reactants and
products, equilibrium is reached when the
forward and reverse reactions occur at exactly
the same rate.
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Organic chemistry
The chemistry of carbon compounds is so
important that it forms a separate branch of
chemistry. A great variety of carbon
compounds is possible because carbon
atoms can form chains and rings linked by CC bonds. This branch of chemistry gets its
name from the fact that the main sources of
organic compounds are living, or once-living
materials from plants and animals. These
sources include fossil fuels which are a major
source of feedstock for the petrochemical
industry. Chemists are able to take organic
molecules and modify them in many ways to
make new and useful materials such as
polymers, pharmaceuticals, perfumes and
flavourings, dyes and detergents.

3

Chemical analysis
Analysts have developed a range of
qualitative tests to detect specific chemicals.
The tests are based on reactions that
produce a gas with distinctive properties, or a
colour change or an insoluble solid that
appears as a precipitate. Instrumental
methods provide fast, sensitive and accurate
means of analysing chemicals, and are
particularly useful when the amount of
chemical being analysed is small. Forensic
scientists and drug control scientists rely on
such instrumental methods in their work.

Crude oil, hydrocarbons and alkanes
Crude oil is a finite resource found in rocks.
Crude oil is the remains of an ancient biomass
consisting mainly of plankton that was buried in
mud.
Fractional distillation and petrochemicals
The many hydrocarbons in crude oil may be
separated into fractions, each of which
contains molecules with a similar number of
carbon atoms, by fractional distillation
Properties of hydrocarbons
Some properties of hydrocarbons depend on
the size of their molecules, including boiling
point, viscosity and flammability. These
properties influence how hydrocarbons are
used as fuels
Cracking and alkenes
Hydrocarbons can be broken down (cracked)
to produce smaller, more useful molecules.
Cracking can be done by various methods
including catalytic cracking and steam
cracking.
Pure substances
In chemistry, a pure substance is a single
element or compound, not mixed with any
other substance.
Formulations
A formulation is a mixture that has been
designed as a useful product. Many products
are complex mixtures in which each chemical
has a particular purpose. Formulations are
made by mixing the components in carefully
measured quantities to ensure that the product
has the required properties. Formulations
include fuels, cleaning agents, paints,
medicines, alloys, fertilisers and foods.
Chromatography
Chromatography can be used to separate
mixtures and can give information to help
identify substances. Chromatography involves
a stationary phase and a mobile phase.
Separation depends on the distribution of
substances between the phases.
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Chemistry of the atmosphere
The Earth’s atmosphere is dynamic and
forever changing. The causes of these
changes are sometimes man-made and
sometimes part of many natural cycles.
Scientists use very complex software to
predict weather and climate change as
there are many variables that can influence
this. The problems caused by increased levels
of air pollutants require scientists and
engineers to develop solutions that help to
reduce the impact of human activity.

The proportions of different gases in the
atmosphere
For 200 million years, the proportions of different
gases in the atmosphere have been much the
same as they are today: • about four-fifths
(approximately 80%) nitrogen • about one-fifth
(approximately 20%) oxygen • small
proportions of various other gases, including
carbon dioxide, water vapour and noble
gases.
The Earth's early atmosphere
Theories about what was in the Earth’s early
atmosphere and how the atmosphere was
formed have changed and developed over
time. Evidence for the early atmosphere is
limited because of the time scale of 4.6 billion
years
How oxygen increased
Algae and plants produced the oxygen that is
now in the atmosphere by photosynthesis,
which can be represented by the equation
How carbon dioxide decreased
Algae and plants decreased the percentage
of carbon dioxide in the atmosphere by
photosynthesis
Greenhouse gases
Greenhouse gases in the atmosphere maintain
temperatures on Earth high enough to support
life. Water vapour, carbon dioxide and
methane are greenhouse gases.
Human activities which contribute to an
increase in greenhouse gases in the
atmosphere
Some human activities increase the amounts of
greenhouse gases in the atmosphere. These
include: • carbon dioxide • methane.
Global climate change
An increase in average global temperature is a
major cause of climate change.
The carbon footprint and its reduction
The carbon footprint is the total amount of
carbon dioxide and other greenhouse gases
emitted over the full life cycle of a product,
service or event.
Atmospheric pollutants from fuels
The combustion of fuels is a major source of
atmospheric pollutants.
Properties and effects of atmospheric pollutants
Carbon monoxide is a toxic gas. It is colourless
and odourless and so is not easily detected.
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Using resources
Industries use the Earth’s natural resources to
manufacture useful products. In order to
operate sustainably, chemists seek to
minimise the use of limited resources, use of
energy, waste and environmental impact in
the manufacture of these products. Chemists
also aim to develop ways of disposing of
products at the end of their useful life in ways
that ensure that materials and stored energy
are utilised. Pollution, disposal of waste
products and changing land use has a
significant effect on the environment, and
environmental chemists study how human
activity has affected the Earth’s natural
cycles, and how damaging effects can be
minimised.

Using the Earth's resources and sustainable
development
Humans use the Earth’s resources to provide
warmth, shelter, food and transport. Natural
resources, supplemented by agriculture,
provide food, timber, clothing and fuels.
Potable water
Water of appropriate quality is essential for life.
For humans, drinking water should have
sufficiently low levels of dissolved salts and
microbes. Water that is safe to drink is called
potable water. Potable water is not pure water
in the chemical sense because it contains
dissolved substances.
Waste water treatment
Urban lifestyles and industrial processes
produce large amounts of waste water that
require treatment before being released into
the environment. Sewage and agricultural
waste water require removal of organic matter
and harmful microbes. Industrial waste water
may require removal of organic matter and
harmful chemicals.
Life cycle assessment
Life cycle assessments (LCAs) are carried out to
assess the environmental impact of products in
each of these stages: • extracting and
processing raw materials • manufacturing and
packaging • use and operation during its
lifetime • disposal at the end of its useful life,
including transport and distribution at each
stage.
Ways of reducing the use of resources
The reduction in use, reuse and recycling of
materials by end users reduces the use of
limited resources, use of energy sources, waste
and environmental impacts.

