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Chapter One
States of Matter

1.1.

1.2.

1.3.

1.4.

1.5.

1.6.

1.7.

1.8.

1.9.

Basic properties of matter
Definition of matter
Discovery of the discrete structure of matter
Properties of matter: mass, volume, density
Gases
Kinetic model of gases
Basic properties of gases
Explanation of gas properties in terms of the
kinetic model
Examples
Liquids
Kinetic model of liquids
Basic properties of liquids
Explanation of properties of liquids in terms of
the kinetic model
Examples
Solids
Kinetic model of solids
Basic properties of solids
Explanation of properties of solids in terms of
the kinetic model
Examples
Changes of state
Physical changes
Melting, fusion/freezing
Boiling, vaporisation/condensation
Sublimation/deposition
Physical changes accompanying heating

and cooling
Heating and cooling curves
Density changes
Expansion and contraction
Anomalous properties of water
Diffusion and dissolving
Diffusion in gases
Diffusion in liquids
Factors affecting the rate of diffusion
Dissolving
Factors affecting the rate of dissolving
Gas laws. Part 1.
Units of pressure (pascals)
Boyle's law
Units of temperature (Kelvin)
Charles’ law
Calculations
Gas laws. Part 2.
Gay-Lussac’s law
Combined gas law
Calculations
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Chapter Two
Elements, compounds and mixtures

2.1.

Elements

Pure substances vs. mixtures
Definition of an element
Element symbols

Metals and non-metals

2.2. Chemical compounds

A compound as a species built of atoms in
specific proportions

Experimental formula

Molecular formula

Properties as compared with the properties of
the constituent elements

2.3. Mixtures

What is a mixture?

Test for purity
Homogeneous mixtures
Heterogeneous mixtures
Examples

Chapter Three
Atomic structure

3.1.

3.2.

3.3.

3.4.

3.5.

Early atomic theories
Billiard-ball model (Dalton)
Discovery of smaller particles (electron,
proton, neutron)
Plum-pudding model (Thomson)
Gold-foil experiment
Rutherford’s model

The structure of the atom

Elementary particles

Nucleus

Atomic number

Mass number

Representation of atomic number and mass
number

Isotopes: definition and symbolic
representation

Prediction of the number of elementary
particles in an isotope

Relative atomic mass
Definition of amu
Relative mass scale
Why the atomic mass expressed in amu for
elements is usually not an integral value
Calculations of isotope composition from
atomic mass and vice versa

Continuous and line spectra
Continuous spectrum
Line spectrum of hydrogen
Spectra of other atoms

Bohr’s model.
Construction of the atom according to Bohr
Energy levels
Excitation of electrons
Emission of light
Ionisation



3.6.  Electron configuration
Rules for filling the energy levels
Elements and their names
Arrangement of elements in the periodic table
Finding the electron configuration based on
position in the periodic table
Formation of positive and negative ions
Ion formation and reactivity versus position in
the periodic table

Chapter Four
Bonding

4.1. Ionic bonding. Part 1
Stable electron configuration (neon)
Cation formation (sodium)
Anion formation (chlorine)
Reaction between sodium and chlorine
Properties of sodium chloride
Structure of sodium chloride in the solid state
Attractive forces in the lattice of sodium
chloride

4.2. Ionic bonding. Part 2
Ion formation vs. position in the periodic table
Schematic representation of ionic compounds
Naming of ionic compounds
Determining the formula of ionic compounds
Ionic compounds of transition metals
Giant structure of ionic crystals: structure,
bonding, melting point, hardness,
conductivity, solubility,

4.3. Covalent bonding. Part 1
Electron sharing
Covalent bonds
Bonds in molecules of diatomic elements
Structural diagrams
Dot-and-cross diagrams for covalent
compounds

4.4. Covalent bonding. Part 2
Tendency to form covalent bonds vs. position
in the periodic table
Bonding between carbon atoms
Double and triple bonds
Valency
Covalent bonding in polyatomic ions
Determining the charge of a polyatomic ion
Determining the composition of an ionic
compound made of polyatomic ions

4.5. Simple and giant molecular solids
Structure, bonding, melting point, hardness,
conductivity, solubility, examples

4.6. Allotropes
Definition
Allotropes of carbon
Allotropes of oxygen
Allotropes of sulphur

4.7. Metallic bond
Structure of metallic crystals
Attractive and repelling forces in the crystal
lattice
Examples of metals
The properties of metals reflect their inner
structure
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4.8. Alloys
Definition
Inner structure
Why alloys are usually stronger than pure
metals
Examples of alloys: steel, stainless steel,
brass, bronze, duralumin, solder (optionally:
precious-metal alloys, wood's alloy)

Chapter Five
Representing chemical reactions

5.1. Chemical and physical change
Definitions
Features of chemical change
Examples
Distinguishing chemical from physical changes
5.2. Chemical equations
Representation of a chemical reaction
Word equation
Formula equation
Stoichiometry of the equation
Using equations for mass calculations
Examples
5.3. Reaction types
Decomposition
Neutralisation
Displacement
Precipitation
Oxidation and reduction
Exothermic and endothermic
Reversible and irreversible

Chapter Six
Quantitative aspects of chemical
reactions

6.1. Atomic and molecular masses

Conservation of mass

Relative atomic mass

Relative molecular mass

Calculating percentage composition
6.2. Mole

The mole concept

Avogadro’s number

Calculating numbers of moles

Empirical formula and percentage composition
6.3. Using the mole concept

Reacting quantities

Stoichiometric calculations

Molar volume

Volume changes in gas reactions

Concentration (molarity)

Calculations



Chapter Seven
Acids, bases and salts

7.1.

7.2.

7.3.

7.4.

7.5.

7.6.

Properties of acids
Examples of common acids
Properties of acids
Dissociation with the formation of hydrogen
ions
Strong and weak acids
Properties of bases
Examples of common bases
Properties of bases
Dissociation with the formation of hydroxide
ions
Strong and weak bases
Indicators and pH
Indicators
The ph scale
Ph meters
Identifying strong/weak acids/alkalis with the
use of indicators and ph meter

Neutralisation
Neutralisation reactions
Balancing neutralisation reactions
Naming of salts
Practical uses of neutralisation
Salts
Salts as neutralisation products
Properties of salts
Dissociation of salts
Salts as electrolytes

Acid and alkali reactions
Basic properties of metal oxides
Acidic properties of non-metal oxides
Reaction of acids with metal oxides and
hydroxides
Reaction of alkalis with non-metal oxides
Reaction of acids with carbonates and
hydrogen carbonates
Reaction of acids with ammonia

7.7. Acid/base titration: a quantitative

application of the neutralisation reaction
Concept of titration
Equipment
Use of indicators
Sample titration and calculation

Chapter Eight
Water and water solutions

8.1.

8.2.

Properties of water
Structure of the water molecule
Polarity
Water as a solvent
Electrolytic dissociation
Unique properties of water
Test for water

Solubility in water
Solubility of gases
Solubility of solids
Crystallisation
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Precipitation
Preparation of water-soluble and water-
insoluble salts
8.3. Colloids and emulsions
Suspensions
Dispersion medium and disperse phase
Colloidal mixtures — examples
Emulsions
Gel coagulation
8.4. Natural water
Temporary and permanent hardness
Removal of hardness
Purification of tap water
Processing of waste water
Desalination of seawater
8.5. Washing in water
Soaps
Detergents
Cleaning action of soaps and detergents

Chapter Nine
The periodic table and chemical
properties of the elements

9.1. Periodic table
Development of the periodic table (law of
octaves:,Mendeleev)
Structure of the periodic table
Relation of group and period number to
electron configuration
Placement of metals and non-metals in the
periodic table

9.2. Noble gases. Group 8 (or 0)
The elements
Electron configurations
Physical properties
Chemical inertness
Uses of noble gases

9.3. Alkali metals. Group 1
The elements
Electron configurations
Chemical reactivity
Physical properties

Variation of chemical and physical properties

down the group

9.4. Reactions of alkali metals
Reactions with water
Reactions with halogens
Properties of halides
Reaction with oxygen

Alkaline properties of hydroxides and oxides

Uses of alkali-metal compounds

9.5. Alkaline earth metals. Group 2
The elements
Electronic configurations
Physical properties
Variation of physical properties down the
group
Reactions with water
Reactions with air
Reactivity changes down the group



Reactivity as compared to alkali metals

9.6. Halogens. Group 7
The elements
Physical properties
Electron configurations
The structure of x, molecules
Variation of physical properties down the
group
9.7. Reactions of halogens
Reactivity of halogens
Variation of reactivity down the group
Reactions with hydrogen
Acidic properties of hydrogen halides
Hydrochloric acid
Reactions with metals
Halogen displacement reactions
Uses of halogens
9.8. Transition metals
Position in the periodic table
Elements
Physical properties
Examples
Transition metal ions
Colours of metal salts
Transition metals as catalysts
Other uses of transition metals

Chapter Ten
Reactivity of metals

10.1. Reactivity series

Reactivity order based on reactions with dilute

hydrochloric acid
Reaction of metals with water and steam
Reaction of metals with oxygen
Noble metals
10.2. Predicting reactions involving metals
Displacement reactions
Extraction from ores
Reactions of salts with metals
Corrosion
Sacrificial protection
10.3. Electrochemical cells
Construction of a cell
Electrode reactions
Use of cells — batteries
Fuel cells

Chapter Eleven
Electrolysis

11.1. Conductivity of electrolytes
Conductivity
Electrolytes
Migration of ions
11.2. Electrolysis
Electrolytic apparatus
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Ions present in molten salts and aqueous
electrolyte solutions electrode reactions

Predicting electrolysis products

11.3. Uses of electrolysis
Metal extraction
Brine electrolysis
Electroplating

11.4. Quantitative aspects of electrolysis
Current and amount of charge
Electrolysis calculations

Chapter Twelve
Organic chemistry

12.1. Alkanes
The concept of hydrocarbons
Homologous series
Names
Non-reactivity

12.2. Isomerism of alkanes
Isomerism
Examples: building isomers
Comparing physical properties of linear and
branched alkanes

12.3. Alkenes
Unsaturated hydrocarbons
Reactivity of alkenes
Saturation and addition reactions
Hardening natural oils

12.4. Alcohols
Methanol and ethanol
Physical properties
Toxicity of methanol and ethanol
Preparation of ethanol
Reactions of ethanol: dehydration, reaction
with sodium
Uses of ethanol: fuel, alcoholic drinks,
fermentation to vinegar
Other alcohols

12.5. Carboxylic acids
Ethanoic acid, component of vinegar
Acid dissociation
Ethanoates
Ester formation, uses of esters

Chapter Thirteen
Chemical reactions

13.1. Endothermic and exothermic reactions
Energy transfer
Endothermic reaction
Exothermic reaction
Constructing energy diagrams
Energy calculations



13.2. Reversible reactions and chemical
equilibrium
Irreversible and reversible reactions
Thermal decomposition reactions
Equilibrium point
Examples, e.g. The haber process
Factors affecting the direction of net reaction
13.3. Reaction rate
Definition
Examples of fast and slow reactions
The concept of reaction rate as a
Change in concentration in time
13.4. Factors affecting reaction rate
Collision theory concept
Concentration
Pressure
Temperature
Surface area
Catalysts (definition only)

13.5. Catalysts
Definition
Activation energy
Catalysts and activation energy
Catalysts in industrial practice
Reducing reaction time reduces costs
Slowing down undesirable reactions
13.6. Enzymes - biological catalysts
Definition
Conditions for enzymatic reactions
Uses of enzymes
Fermentation

Chapter Fourteen
Useful products from organic sources

14.1. Fossil fuels and crude oil
Coal
Crude oil
Gas
Origin of fossil fuels
Crude oil deposits
Extraction
Uses of crude oil

14.2. Composition and separation of crude oil
Components of crude oil
How the size of the molecule affects the
physical properties of the component
The concept of distillation
Fractionating column
Fractions obtained from oil
Uses of particular fractions
14.3. Cracking
Need for cracking of higher hydrocarbons
Cracking process - explanation
Cracking products
Cracking experiment in the laboratory
14.4. Combustion
Combustion of fossil fuels as the main source
of energy
Combustion products
Experiment

UNIVERSALCurriculum.com

Content & eLearning Technologies for K-12 Education

Incomplete combustion

14.5. Polymerisation
The concept of a polymer
Types of polymer
Examples of polymerisation
Addition and condensation polymers
Thermoplastics and thermosets
Uses of polymers

14.6. Environmental impact of oil products
Oil leaks
Plastic litter, polymer recycling
Greenhouse effect
Soot and carbon monoxide
Acid rain

Chapter Fifteen
Useful products from rocks

15.1. Metals from metal ores
Composition of the Earth’s crust
Ores
Examples of ores
Ore deposits
Metal extraction methods: reduction and
electrolysis
Choosing which extraction method to use

15.2.Iron
Iron ores
Iron extraction process
Steel production (oxygen furnace)
Uses of iron
Corrosion
Preventing corrosion

15.3. Aluminium
Aluminium ores
Aluminium extraction process
Aluminium uses
Anodising

15.4. Copper and titanium
Copper extraction
Copper purification (electrolytic process)
Copper properties and uses
Titanium properties
Titanium ores
Titanium extraction process
Titanium uses

15.5. Industrial uses of limestone
Limestone, chalk and marble
Quicklime manufacturing
Slaked lime manufacturing
Mortar hardening
Cement manufacturing
Cement properties and uses
Glass manufacturing
Glass processing
Uses of glass

15.6. Sulphur and sulphuric acid
Sulphur sources
Sulphur extraction
Sulphur properties
Sulphuric acid - properties
Manufacturing sulphuric acid



Uses of sulphuric acid
Sulphur oxides as pollutants

Chapter Sixteen
Useful products from air

16.1. Air
Composition of air
Separation of main components of air
Important micro-components of air: carbon
dioxide, water (steam), impurities
16.2. Ammonia and nitric acid
Properties of nitrogen
Synthesis of ammonia from nitrogen and
hydrogen
The Haber-Bosch process for the industrial-
scale oxidation of ammonia
Nitric acid manufacturing on an industrial scale
16.3. Fertilisers
Plant requirements for fertilisers
Fertilisers
Environmental issues from the use of
nitrogenous fertilisers

Chapter Seventeen
Food and drugs

17.1. Carbohydrates
Sugars
Starch and cellulose
Energetic function
Sources
Biosynthesis
17.2. Proteins
Structure
Sources
Function
Tests for proteins
17.3. Fats
Structure
Sources
Saturated and unsaturated fats
Functions
17.4. Vitamins, drugs and food additives
Water-soluble and oil-soluble vitamins
Importance of vitamins
Consequences of vitamin deficiency
Natural medicines
Synthetic medicines
Aspirin, antibiotics, antacids
Types of food additive
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Chapter Eighteen
Chemistry and the Earth

18.1. The structure of the Earth
Crust
Mantle
Core (outer and inner core)
Origin of magnetic field

18.2. Tectonic plates
The crust as separate plates floating on the
surface of magma
Continental drift: from pangea to
contemporary continents
Evidence for the movement of tectonic plates
Mechanism of plate movement
Evidence for historical changes in the magnetic
field

18.3. Tectonic plate movement, earthquakes

and volcanoes
Constructive boundaries
Destructive boundaries, earthquakes and
volcanic activity
Conservative boundaries and earthquakes
Map of boundaries, regions of enhanced
earthquake and volcanic activity
18.4. Igneous rocks
Volcano
Formation of igneous rocks
Extrusive and intrusive rocks
Experiment illustrating the difference between
intrusive and extrusive rocks
Properties of igneous rocks
Examples
18.5. Sedimentary rocks. Part 1
Weathering
Transportation
Erosion
Sediment from weathering
Sediment from the remnants of living
organisms
18.6. Sedimentary rocks. Part 2
Sedimentary rock formation
Properties and examples of sedimentary rocks
Age of rock layers
Movement of rock layers
Fossils and the dating of rock layers
18.7. Metamorphic rocks and rock cycle
Formation of metamorphic rocks
Examples and properties of metamorphic rocks
Rock cycle - summary of the knowledge of
rock formation and weathering
18.8. Atmosphere
Evolution of the contemporary atmosphere
Structure of the atmosphere

18.9. Radicals and ozone layer depletion.
Radicals
Ozone-layer depletion
Harmful effects of radicals

18.10. Oceans
Origin of the oceans
Origin of salts in water
Salt equilibrium
Phytoplankton

18.11. Matter cycles on earth
Water cycle



Carbon cycle
Nitrogen cycle

Chapter Nineteen

Laboratory techniques and analytical
tests

19.1. Handling liquids
Transferring liquids
Smelling a chemical
Mixing and stirring
Using indicator paper
Measuring with a cylinder
Pipetting
Using a burette
19.2. Handling solids. Heating
Transferring solids
Grinding in a mortar
Weighing on the laboratory balance
Filtering
Using a Bunsen burner
Heating materials in test-tubes
Measuring a temperature
Evaporating a liquid
19.3. Handling and testing for gases
Collecting gas
Testing for gases
Burning a substance in a gas
19.4. Testing for ions
Flame tests
Reactions of cations with sodium hydroxide
solution
Tests for carbonate, sulphate, sulphite, halides

Chapter Twenty
Safety in the chemical laboratory

20.1. Hazards in the chemical laboratory and

protective measures
Fire hazards
Health hazards (harmful substances)
Electrocution hazards
Hazard signs
Laboratory coats and glasses
Safety tips
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