
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.  

 There are about 100 different elements. These are shown in the periodic table. 

 Compounds are formed from elements by chemical reactions. Chemical reactions always involve the formation of one or more new   

substances, and often involve a detectable energy change. 

  Compounds contain two or more elements chemically combined in fixed proportions and can be represented by formulae using the 

symbols of the atoms from which they were formed. Compounds can only be separated into elements by chemical reactions. 

  Chemical reactions can be represented by word equations or equations using symbols and formulae. 

INTRODUCTION 
 ATOMS, ELEMENTS AND COMPOUNDS 

 SEPERATING MIXTURES 

 EXAM QUESTION AND ANSWER 

Filtration                     

Crystallisation  

Fraction Distillation 

Chromatography 

Key Words 

Elements are made of only one type of atom. They are 

displayed in the periodic table and can be represented 

by one or two letters called symbols. E.g. Oxygen is 

represented by O and Potassium is represented by  K. 

Key Point - Atoms, Elements & Compounds 

1. Define the term ‘atom’. 

2.  What process can be used to extract 

pure water from salt water? 

Quick Test 

Separating Mixtures 
 Mixtures consist of two or more element or  compounds , which are not chemically combined. 

 The components of a mixture retain their own properties, e.g. in a mixture of iron and sulphur, the iron is till magnetic and the sulphur 

is still yellow. 

 Mixtures can be separated by physical processes—these don’t involve chemical reactions, so no new substances are made. 

 Filtration is used to separate soluble solids from insoluble solids, e.g. a mixture of salt (soluble) and sand (insoluble) can be separated 

by dissolving the salt in the water and the filtering the mixture. 

 Crystallisation is used to obtain a soluble solid from a solution, e.g. salt crystals can be obtained from a solution of salty water by: 

 Fractional distillation is used to separate mixtures in which the component have different boiling points.  

 Chromatography is used to separate the different soluble, coloured components of a mixture, e.g. the different colours added to a fizzy 

drink can be separated by chromatography. 

Diesel is separated from crude oil by fractional distillation. Describe the steps involved in the fractional distillation of crude oil.  (3)  

It is heated and fractions evaporate at different temperatures/ They are separated by their boiling points and they then condense off to give                 

different fractions (1). Hydrocarbons with a short carbon chain have a low boiling point and evaporate first(1). The Hydrocarbons with a long            

carbon chain have a high boiling point and evaporate last (1). 

Exam Question and Answer 

Atoms                                            

Element                                     

Compounds                         

Mixtures 

Key Words 
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Scientific Model of the Atom 
 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.  

 The discovery of the electron led to the plum-pudding model of the atom. The plum-pudding model suggested that the atom was a ball 

of positive charge with negative electrons embedded in it.  

 The results from the alpha particle scattering experiment led to the plum-pudding model being replaced by the nuclear model. 

 Niels Bohr adapted the nuclear model by suggesting that electrons orbit the nucleus at specific distances. The theoretical calculations 

of Bohr agreed with experimental observations. 

 Later experiments led to the idea that the positive charge of any nucleus could be subdivided into a whole number of smaller particles, 

each particle having the same amount of positive charge. The name proton was given to these particles. 

 The experimental work of James Chadwick provided the evidence to show the existence of neutrons within the nucleus.  

ATOMS & PERIODIC TABLE 
 SCIENTIFIC MODELS OF THE ATOM 

 SUBATOMIC PARTICLES 

 ISOTOPES AND IONS 

Electrons                       

Protons                   

Neutrons                     

Atomic Number  

Isotopes 

Key Words 

Scientists look at the evidence available and use it to 

put to together a model of what appears to be            

happening. As new evidence emerges they re-evaluate 

the model. If the model works with the new theory then 

they keep it but if it no longer works they’ll change it. 

Key Point - Scientific Model of the Atom 

1. Describe the plum-pudding model of the atom. 

2. An atom of potassium has an atomic number of 19 and a mass 

number of 39. State the number of protons, neutrons and       

electrons in this atom. 

Quick Test 

Subatomic Particles 
 Atoms are very small and typically have a radius of about 10-10 m. Atoms contain 3 types of subatomic particles. 

 Atoms have no overall charge because they have equal number 

of protons and electrons.  

 Number of protons = Atomic Number 

 Protons + Neutrons = Mass Number  

 Number of Neutrons = Mass Number - Atomic Number 

 In the modern periodic table, elements are arranged in order of 

increasing atomic number. 

Isotopes and Ions 
 Isotopes of an element have the same number of protons but a different number of neutrons, i.e. they have the same atomic number 

but a different mass number. 

 For example Chlorine has two isotopes. 

 Atoms can gain or loose electrons to become ions; metal atoms lose electrons to form positive ions and Non Metals gain electrons to 

form –negative ions 

Subatomic Particle Relative Mass Relative Charge 

Proton 1 +1 

Neutron 1 0 

Electron 1/1960 or 0 -1 

17 Protons 
17 Electrons 
18 Neutrons  

17 Protons 
17 Electrons 
20 Neutrons  
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THE PERIODIC TABLE 
 GROUP 0 

 GROUP 1 

 GROUP 7 

 TRANSISTION METALS 

1. Name the Russian chemist who designed the periodic table 

2. Why are the elements in Group 0 unreactive? 

3. Why are alkali metals stored in oil? 

4. Give three properties of the transition metals 

Quick Test 

Noble gases                          

Alkali metals             

Halogens                                

Transition metals                

Catalysts 

Key Words 

When an electrical impulse reaches a       

synapse, a chemical is released that        

diffuses across the gap between the two 

neutrons. This causes an electrical impulse 

to be generated in the second neurone. 

Key Point - The Endocrine System 

Group 0 

 These are called halogens and are non metals that have 7 electrons in their outermost shell.  

 They consist of molecules made of pair of atoms. Reactivity decreases down the group as the outer shell gets further away from the nucleus , 

making it harder to gain an electron. 

 The further down group 7  the element is the higher its relative, molecular mass, melting and boiling point are. 

 A more reactive halogen can displace a less reactive halogen from an aqueous solution of its salt. 

EXAMPLE 

Chlorine will displace bromine from potassium bromide and iodine from potassium iodide because its more reactive. 

Group 7 

 Elements in group 0 are called the noble gases these have a full outer shell of electrons. Meaning they are very stable and unreactive.            

The boiling points of noble gases increase down the group. 

Group 1 
 These are know as alkali metals. They have: 1 electron in the outer shell, Have low melting and boiling points that decrease down the group, 

Become more reactive down the group 

 This is because the outer electron gets further away from the influence of the nucleus so it can be lost easier. They react vigorously with oxygen 

and water including moisture in the air so they are stored in oil. 

 They react with non metals to from ionic compounds.  

 The transition metals form coloured compounds that can be used as catalysts to speed up  reactions.  

 They form coloured compounds. 

 They have ions with different charges , e.g. Fe²+ and Fe³+. 

  Like other metals they are good conductors of heat and electricity and can be easily bent into shape 

Transition Metals 
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Chemical Bonds 

IONIC COMPOUNDS 
 CHEMICAL BONDS 

 IONIC BONDING 

 PROPERTIES OF IONIC COMPOUNDS 
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Ionic Bonding 

 There are 3 types of strong chemical bonds: Ionic bonds , Covalent bonds and Metallic bonds.  

 Atoms that have gained or lost electrons are called ions. Ionic bonds occur between positive and negative ions. 

1. Why do metals form positively charged ions? 

2. Describe what happens when 2 atoms of Mg react with 1    

molecule of O. Give your answer in terms of electron transfer. 

Quick Test 

Ionic Bond                                      

Ions                                                 

Electrostatic Forces                     

Molten 

Key Words 

Ionic compounds have high melting and boiling 

points because the ionic bonds are very strong and so 

they requires lots of energy to overcome them.  This is 

why reactions with ionic compounds aren't fast. 

Key Point - Properties of Ionic Compound 

EXAMPLE 

Properties of 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 between oppositely charged ions, i.e. ionic compounds are held together by 

strong ionic compounds. 

 Ionic compounds :  

 Have high melting and boiling points. 

 Do not  conduct electricity when solid, because the ions cannot move. 

 Do conduct electricity when molten or in solution, because the charged ions are free to move about and carry their 

charge. 

 Ions are formed when atoms gain or lose electrons, giving them a overall charge. Ions have a complete outer shell like noble gases. 

 Ionic bonding involves a transfer of electrons from metal atoms to non-metal atoms.  

 The metal atoms lose electrons to become positively  charged ions and the non-metal gain electrons to become negatively  charged ions. 

 The ionic bonds have a strong electrostatic force of attraction between the positive metal ion and the negative non-metal ion. 



 HT 

 METALLIC BONDING 

 PROPERTIES OF METALS 

 ALLOYS  

 USEFUL ALLOYS 

Metallic Bonding 

METALS 
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Properties of Metals 

 Metallic bonding occurs in : Metallic elements such as iron and copper | Alloys, such as stainless steel. 

 Metals have a giant structure in which electrons in the outer shell are delocalised (not bound to one atom). 

 This produces a regular arrangement (lattice) of positive ions held together by electrostatic attraction to the delocalised electrons. 

Copper is a useful as a material for making saucepans. This is because it has the             

following properties:  

High melting point | Good thermal conductor | Can be easily shaped 

Explain, in terms of its metallic bonding, why cooper has these properties. 

Exam Question 

Delocalised                     

Electrostatic                  

Metallic Bond             

Pure                                     

Alloys                       

Key Words 

Alloys 
 Pure metals are too soft for many uses and so are mixed with other metals to make alloys which are harder. 

 In alloys, the added element disturbs the regular arrangement of the metal atoms so the layers don’t slide over each other easily. 

 Metals have giant structures of atoms with strong metallic bonding. This means that most metals have high melting and boiling points. 

 The delocalised electrons can move around freely and transfer energy. This makes metals good thermal and electrical conductors. 

 The particles in pure metals have a regular arrangement. 

 Metals can be bent and shaped easily because layers are able to slide over each other quite easily. 

Useful Alloys 
 Pure copper, gold and aluminium are too soft for many uses, so they are mixed with small amounts of similar metals to make them harder 

for items in everyday use, e.g. coins. 

 Gold is mixed with silver, copper and zinc to form an alloy. 

 The carat system shows us the amount of gold in the alloy: 

    24 carat gold is 100% gold.  18 carat gold is x 100% = 75% gold.  

 Aluminium alloys combine low density with high strength and are used to make aeroplane. 

 Bronze is an alloy of copper and tin. It has a bright gold colour and is used to make statues and decorative objects. 

 Brass is an alloy of copper and zinc that is hard-wearing and very resistant to corrosion. 

 It is used to make water taps and door fittings. 

 HT 



 COVALENT BONDING 

 SIMPLE MOLECULES 

 GIANT COVALENT STRUCTURES 

Covalent Bonding 

COVALENT COMPOUNDS 
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 A covalent bond is a shared pair of      

electrons between atoms. Covalent  

bonding occurs in: Non metallic                    

elements, e.g. Oxygen | Compounds 

of non-metals, e.g. sulphur dioxide 

Covalent Bond           

Intermolecular              

Diamond                         

Graphite                           

Delocalised                   

Silicon Dioxide (silica) 

Key Words 

EXAMPLE 

A Chlorine atom has 7 electrons in its outer shell. In order to bond 

with another chlorine atom: an electron from each atom is shared | 

this gives each chlorine atom a full outer shell. 

Simple Molecules 
 Simple molecules have low melting and low boiling points because the molecules are only held 

together by weak intermolecular forces this means very little energy is needed to break them. 

 Simple molecules do have very strong covalent bonds between atoms. 

 They don’t conduct electricity because they don’t have an overall charge. 

Giant Covalent Structures 
 All the atoms in a giant covalent structures are linked by strong covalent bonds. These bonds must 

be broken for the substances to melt or boil. This means they are solids with high melting and   

boiling points. 

 Diamond is a form of carbon: It has a giant, rigid covalent structure | Each carbon atom form 4 

strong covalent bonds with other carbon atoms | High melting point | Doesn't conduct electricity. 

 Graphite is another form of carbon: It has a giant, rigid covalent structure |High melting point | 

Each carbon atom form 3 covalent bonds with other carbon atoms | This results in a layered,    

hexagonal structure| Doesn't conduct electricity | Weak intermolecular forces between layers so 

layers slide over each other. Graphite is soft and slippery because of this |Conducts electricity 

because one electron from each carbon atom is delocalised. 

 Silicon Dioxide (silica) has a lattice structure similar to diamond: Each Oxygen atom is joined to 2 

silicon atoms | Each silicon atom is joined to 4 oxygen atoms. 

1. What is a Covalent Bond? 

2. Why does HCl - Hydrogen Chloride have a low boiling point? 

3. Describe the structure of diamond. 

4. Explain how graphite can conduct electricity. 

Quick Test 

Simple Molecular substances, such as water, 

have low melting points and low boiling 

points. This is because there only weak forces 

of attraction between the molecules, which 

during a chemical reaction are easily                  

overcome. 

Key Point - Simple Molecules 



 GRAPHENE 

 FULLERENES 

 POLYMERS 

 NANOPARTICLES 

Graphene 

SPECIAL MATERIALS 
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 Graphene is a form of carbon. It is a single layer of graphite. 

 The atoms are arranged in a hexagonal structure, just 1 atom thick.  

 Graphene is very strong, a good thermal and electrical conductor. This makes graphene useful in electronics and composite materials. 

Simple Molecules 
 Fullerenes are molecules of carbon atoms with hollow shapes. The structure of fullerenes 

is based on hexagonal rings of carbon atoms but they may also contain rings with five or 

seven carbon atoms.  

 The first fullerene to be discovered was Buckminsterfullerene (C60) which has a              

spherical shape. 

 Carbon nanotubes are cylindrical fullerenes with very high length to diameter ratios. Their proper-

ties make them useful for nanotechnology, electronics and materials.  

Polymers 
 Polymers have very large molecules.  

 The atoms in the polymer molecules are linked to other atoms by strong covalent bonds.  

 The intermolecular forces between polymer molecules are relatively strong and so these              

substances are solids at room temperature.  

1. What is special about the structure of graphene? 

2. Which is the most stable fullerene? 

3. How big are nanoparticles? 

Quick Test 

The use of nanoparticles is a good example of 

science-based technology, for which the    

hazards have to be considered alongside the 

benefits. 

Key Point - Nanoparticles 

Nanoparticles 
 Nanoparticles contain only a few hundred atoms. They combine to form structure called nanostructures. 

 Nanostructures can be manipulated, so materials can be developed that have new and specific properties. 

 Nanoparticles may have properties different from those for the same materials in bulk because of their high surface area to volume 

ratio. It may also mean that smaller quantities are needed to be effective than for materials with normal particle sizes. 

 Nanoparticles are used in sun creams because they provide better skin coverage, therefore more effective protection from the sun. 

 However, concerns remain that these nanoparticles are so small (diameter is between 1nm - 100nm or 1x10-7   - 1x10-9 ) they could get 

into and damage human cells or cause problems in the environment. 

Graphene                           

Fullerenes                            

Polymers                               

Nanoparticles 

Key Words 
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 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. 

 This means that chemical reactions can be represented by symbol equations which are balanced in terms of the numbers of atoms of 

each element involved on both sides of the equation. 

 For example, when a solid iron reacts with copper (II) sulphate solutions, a reaction takes place, producing solid copper and iron (II) 

sulphate solution: 

 A half equation can be used to show what happens to one reactant in a chemical reaction, with electrons written as ‘e- ‘. 

 The balanced symbol equation for the reaction between iron and copper (II) sulphate can be split into 2 half equations: 

 The iron atoms lose 2 electrons form Fe2+ ions. 

 The Cu2+ ions gain 2 electrons to form copper atoms. 

 Ionic equations can be used to simplify complicated equations. 

 They remove the spectator ions that are not involved in the reaction. 

 For example, when silver nitrate solution is added to sodium chloride solution, a 

white precipitate of silver chloride is produced: 

 In this reaction, the nitrate ions and the sodium ions are spectators, so the ionic equation is: 

Relative Masses 
 The relative formula mass (Mr) of a compound is the sum of the relative atomic masses (Ar) of the atoms in the numbers shown in the 

formula. 

 The relative atomic masses of the atoms are shown in the periodic table by the top number. 

Apparent Changes in Mass 
 Some reactions may appear to involve a change in mass. This is because Whenever a measurement is made there is always some             

uncertainty about the result obtained. But This can usually be explained because a reactant or product is a gas and its mass has not 

been considered.  

 For example: when magnesium is burned in air to produce magnesium oxide, the mass of the solid increases. This is because when the 

magnesium is burned, it combines with oxygen from the air and the oxygen has mass: 

 If the mass of the oxygen is included, the total mass of all the reactants is = to the total mass of all the products. 

1. State the law of conservation of mass. 

2. Calculate the relative formula mass of water, H20 

Quick Test 

Conservation of Mass 

Half Equation                         

Ionic Equations 

Key Words 

Some reactions appear to involve a change in 

mass this happens when reactions are carried 

out in a non-closed system so gases can leave.  

Key Point - Apparent Change in Mass 

 HT 

CO2 contains 1 carbon atom with an Ar of 12 

and 2 oxygen atoms with Ar of 16 



Amount of Substance 

AMOUNT  OF  SUBSTANCE 
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 A mole (mol) is a measure of the number of particles (atoms, ions, or molecules) contained in a substance. 

 1 mole of any substance (element or compound) has the same number of particles – 6.02 x 1023. 

 This value is called the Avogadro constant. 

 The mass of 1 mole of a substance is its Ar or Mr in grams. 

Relative Masses 
 You can calculate the amount of substance (number of moles) in a given mass of a substance using the formula: 

Limiting Reactants 
 Sometimes when 2 chemicals react together 1 chemical is               

completely used up during the reaction  

 When 1 chemical is used up, it stops the reaction going any             

further. It is called the limiting reactant. 

 The other chemical, which is not used up, is said to be in excess. 
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Amount (mol) =  
Mass of substance (g) 

Atomic / formula mass (g/mol) 

Moles of a Gas 
 At room temperature and pressure, one mole of any gas takes 

up a volume of 24dm3. 

 At room temperature and pressure: 
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T Volume =  Amount (mol) x 24dm3 

Balanced Equations 
 The numbers needed to balance an equations can be calculated from the masses of the reactants and the products using moles. 

E.G 

Balance the following equations: 

I. __ SnO2 + __ H2 → __ Sn + __ H2O 

II. __ KOH + __ H3PO4 → __ K3PO4 + __ H2O 

III. __ KNO3 + __ H2CO3 → __ K2CO3 + __ HNO3 

IV. __ Na3PO4 + __ HCl → __ NaCl + __ H3PO4 

Exam type Questions - Balanced Equations 

Mole (mol)                      

Avogadro Constant 

Balanced Equation   

Limiting Reactant  

Key Words 

1. Calculate the moles produced when 

69g of sodium reacts with chlorine to 

form sodium chloride:                                      

 2Na + Cl2 >>> 2NaCl 

Quick Test 
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 CARRYING OUT A TITRATION 
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 The concentration of a solution is often measured using 

units of mol/dm3. 

 If one mole of solute is dissolved to form a solution that has 

a volume of 1.00dm3 , the solution has a concentration of 1.00mol/dm3 

Carrying Out a Titration 
 Acids and alkalis react together to form a neutral solution. 

 Titration is an accurate technique that can be used to find out how much of an acid is needed to neutralise an alkali. 

 When neutralisation reactions take place, the H+ ions from the acid join with the OH- ions from the alkali to form water. 

 Titration can be used to find the concentration of an acid or alkali, providing the following are known: The relative volumes of acid and 

alkali used | The concentration of the other acid or alkali. 

 Break down the calculation: 

   1. Write a balanced equation for the reaction to determine the ratio of moles of acid to alkali involved. 

   2. Calculate the number of moles in the solution of known volume and concentration. You can work out the number of  

         moles in the other solution from the balanced equation. 

   3. Calculate the concentration of the other solution. 

 HT 
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Concentration of a solution = 
Amount of substance (mol) 

Volume (dm3) 

Concentration                     Solute 

Titration                                               Indicator 

Key Words 

1. 2.50 moles of solute is dissolved in 

1.00dm3 of solution. What is the                     

concentration of the solution? 

2. What is the neutralisation equation? 

Quick Test 

Indicators are one colour in acids and 

another colour in alkalis. They are used to 

show the end point of the titration. 

Key P. - Carrying out a Titration 
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 Atoms are never lost or gained in a chemical reaction. 

 However, it is not always possible to obtain the calculated amount of product: If the reaction is reversible, it might not go to completion 

| Some product could be lost when it is separated from the reaction mixture | Some of the reactants may react in different ways to the 

expected reaction  

 The amount of product obtained is called the yield. The percentage yield can be calculated by: 

Calculating Yield 

Atom Economy 
 Atom economy is a measure of the amount of reactant that ends up in 

a useful product. 

 Scientists try to choose reaction pathways that have a high atom                

economy. 

 This is important for economic reasons and for sustainable                           

development, as more products are made, and less waste is produced. 

 The percentage atom economy is calculated using the formula: 

1. Why might the actual yield be less than the theoreti-

cal yield of the reaction? 

2. A reaction has a theoretical yield of 13g but an               

actual yield of 8.5g. What is the % yield of this reaction? 

Quick Test 

Percentage Yield                     

Atom Economy                         

Sustainable Development     

Reaction Pathways               

Key Words 

Sustainable means allowing people to 

meet their needs today without harming 

the prospects of people in the future to 

meet their needs. 

Key Point - Atom Economy 
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Percentage Yield =  
Yield from reaction 

Maximum theoretical yield 
x100 
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Atom Economy =  

Relative formula of desired               

product 

Sum of the relative formula mass 

of all products/ reactants 

x100 

Reaction Pathway 
 Comparing the atom economy of 2 competing reaction              

pathways is important. 

 However, it is just one of the factors that scientists must 

consider when they chose which they method to use. 

 Important factors choosing a reaction pathway include:  The 

Atom economy | Cost of reactants | The percentage  yield | 

The rate of reaction | The equilibrium position | The                       

usefulness of by-products. 

 HT 



Oxidation and Reduction 

REACTIVITY OF METALS 
 OXIDATION AND REDUCTION 

 THE REACTIVITY SERIES 

 DISPLACEMENT REACTIONS 

 EXTRACTION OF METALS 

 Oxidation is the loss of electrons  

 Reduction is the gain of electrons. 

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 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.  

 The non-metals hydrogen and carbon are often included in the reactivity 

series.  

 A more reactive metal can displace a less reactive metal from a com-

pound.  

 
Oxidation 

 
Reduction 
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Displacement Reactions 
 In a displacement reaction  a more reactive metal will displace a less reactive metal 

from a solution of its salt. 

Extraction of Metals 
 The method of extraction of a metal depends on the reactivity of it. Unreactive metals such as gold exist as elements at the earths surface. 

 However, most metals are found as metal oxides or as compounds that can be easily changed into metal oxides. 

 Metals that are less reactive than carbon can be extracted from their oxides by heating with carbon. 

1. Calcium + Oxygen >>> Calcium Oxide - Which        

substance is being oxidised in this reaction? 

2. Complete the Word equation:  

Iron + Copper Sulphate >>>  

Quick Test 

Oxidation                        

Reduction                     

Reactivity Series           

Displacement Reaction 

Extraction 

Key Words 

Some metals lose electrons lose electrons more easily 

than others. The more easily a metal atom loses          

electrons, the more reactive it is. E.g. Potassium is a 

highly reactive metal because it looses electrons             

easier. This is why it tops the reactivity series. 

Key Point - The Reactivity Series 
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The pH Scale 

THE  PH SCALE & SALTS 
 THE pH SCALE 

 NEUTRALISATION OF ACIDS 

 STRONG AND WEAK ACIDS C
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 When substances dissolve in water, they dissociate into their individual ions: hydroxide ions, OH- (aq), make solutions alkaline |      

Hydrogen ions, H+(aq), make the solutions acidic. 

 The pH scale is a measure of the acidity or alkalinity of an aqueous solution: A solution with a pH scale of 7 is neutral | Solutions less 

than 7 are acidic | Solutions more 

than 7 are alkaline | The closer to a pH 

to 0, the stronger the acid | The closer 

to a pH of 14, the stronger the alkali 

 The pH of a solution can be measured 

using universal indicator or a pH 

Neutralisation of Acids 
 Acids are neutralised by bases. 

 Acids contain 

hydrogen 

ions, H+ (aq). Alkalis contain hydroxide ions, OH— (aq) 

 When an acid reacts 

with an alkali, the H+ 

and OH— ions react                                        

ttogether to  produce water, H20, which has a pH 7. 

 This type of reaction is called neutralisation because: Acid is neu-

tralised by an alkali | The solution that remains has a pH of 7, 

showing it is neutral. 

 Acids can also be neutralised by metal oxides & metal carbonates: 
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Acid + Metal hydroxide Salt + Water 
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H+ (aq) + OH—(aq) H20 (L) 
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Acid + Metal Oxide Salt + Water 

Acid + Metal Carbonate Salt + Water + Carbon Dioxide 

 A salt is produced when the hydrogen in the acid is replaced by 

the metal ion. 

 Hydrochloric acid produces chloride salts | Nitric Acid produces 

nitrate salts | Sulfuric Acid produces sulphate salts. 

Strong and Weak Acids 
 The pH of a solution is a measure of the concentration of H+ 

ions. 

 A pH decrease of one unit indicates that the concentration of 

the hydrogen ions has increased by a factor of 10. 

 For a given concentration of acid, a strong acid will have a 

higher concentration of hydrogen ions and, therefore, a lower 

pH. 

 The terms ‘dilute’ and ‘concentrated’ are also applied to 

acids sometimes. 

 An acid that has concentration of 2mol/dm3 is more           

concentrated than an acid that has concentration of 

0.5mol/dm3 

Strong acids Weak acids 

Completely ionise in water Partially ionise in water 

Strong acids have a low pH Weak acids have a high pH 

HCl is a strong acid Carboxylic acids are weak 

HCl >>> H+ + Cl- CH3COOH >>> CH3COO- + H+ 

1. What is the pH scale of a neutral solution? 

2. What is a strong acid? 

3. The pH of a solution changes from 6 to 4.                      

What happens to the concentration of hydrogen ions? 

Quick Test 

Alkaline                        

Acidic                            

Neutralisation           

Ionise                                  

Strong and Weak Acids 

Key Words 

Strong acids are completely ionised in water. 

 I. Name a strong Acid. 

 II. Define what is meant by the term ‘ionised’ 

and what type of acid it fully occurs in. 

Exam Question 

 HT 



Electrolysis 

ELECTROLYSIS 
 ELECTROLYSIS 

 OXIDATION AND REDUCTION 

 EXTRACTION OF METALS 

 ELECTROLYSIS OF AQUEOUS SOLUTIONS 

 Electrolysis is the use of an electrical current to break down ionic substances 

using electricity.  

 When ionic compounds are melted or dissolved in water they conduct                      

electricity. This is because the ions are free to move and carry current. 

 Liquids and solutions that conduct electricity are called electrolytes.  

 When you pass a current through an electrolyte the ions move. 

 The positive ions move toward the negative electrode (cathode) and the                  

negative ions move toward the positive electrode (anode). 

 At the electrode, the ions lose their charge and become elements. This is electrolysis. 

Oxidation and Reduction 
 Reduction  = Positively charged ions gain electrons at the negative electrode. 

 Oxidation = Negatively charged ions gain electrons at the positive electrode. 

 In a redox reaction both reduction and oxidation occur. 

 Reactions at electrodes can be represented by half equations 

E.G.  In the electrolysis of molten copper chloride: copper is deposited at the negative electrode. 

And chlorine gas is given off at the positive electrode. 

Extraction of 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. 

 Aluminium is manufactured by the electrolysis of a molten mixture of aluminium oxide and cryolite using carbon as the positive electrode 

(anode). 

 HT 

 HT 

Electrolysis of Aqueous Solutions 

Copper gains electrons so they are reduced 

Copper loses electrons so they are oxidised 

 When ionic compounds are dissolved in water to form aqueous solutions, it is slightly harder to predict the products of electrolysis. 

 The water molecules break down to form hydroxide ions (OH-) and hydrogen ions (H+).  

 At the negative electrode: Hydrogen is produced if the metal is more reactive than hydrogen | The metal is produced if the metal is less 

reactive than hydrogen. 

 At the positive  electrode: Oxygen is produced unless the solution contains halide ions | If halide ions are present, then the halogen is   

produced. 

 In the electrolysis of sodium chloride solution: Hydrogen is released at the —ve electrode | Chlorine is released at the +ve electrode. 
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Energy Transfers 
 When chemical reactions occur, energy is transferred from the chemicals top or from the surroundings. Therefore, many reactions are 

accompanied by a temperature change. 

 An exothermic reaction is one that transfers energy to the surroundings so the temperature of the surroundings increases. 

 Exothermic reactions are used in products like self heating cans (for coffee) and hand warmers. 

 Exothermic reactions include combustion, many oxidation reactions and neutralisation.  

 An endothermic reaction is one that takes in energy from the surroundings so the temperature of the surroundings decreases. 

 Endothermic reactions are used in some sports injury packs. 

 If a reversible reaction is exothermic in one direction, then it is endothermic in the opposite direction. 

EXO/ENDOTHERMIC     

REACTIONS 
 ENERGY TRANSFERS 

 ENERGY LEVEL DIAGRAMS 

Exothermic Reactions 

Endothermic Reactions 

Reversible Reaction              

Energy Level Diagram           

Reaction Profile             

Activation Energy          

Catalysts 

Key Words 

In an exothermic reaction; energy is given out to the 

surroundings and the products have less energy than 

the reactants. 

In an endothermic reaction; energy is being taken in 

from the surroundings and the products have more 

energy than the reactants. 

Key Point - Energy Transfers 

1. What is an endothermic reaction? 

2. A white powder dissolves in a solution. The temperature 

falls by 2oC . State and explain the type of reaction that has 

taken place. 

3. Is Thermal Decomposition an example of an                   

endothermic reaction? 

Quick Test 

Energy Level Diagrams 
 In chemical reactions, atoms are rearranged as old bonds are broken and new bonds are formed. 

 For bonds to be broken, reacting particles must collide with sufficient energy. 

 The minimum energy that particles that is required to cause a reaction is called the activation energy.  

 The energy changes in a chemical reaction can be shown using an energy level diagram or reaction profile. 

 Catalysts      

reduce the  activation 

energy needed for a   

reaction. This makes 

the reaction go faster. 
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Energy Change of Reactions 

 Fuel cells are very efficient way of producing electrical energy. 

 Most fuel cells use hydrogen, but other fuels can be used. In a hydrogen fuel cell: Hydrogen and Oxygen are supplied to the fuel cell. The fuel is 

oxidised to produce a P.D. Overall the hydrogen is oxidised to form water.  

FUEL CELLS 

 HT 

 ENERGY CHANGE OF REACTIONS 

 FUEL CELLS 

 ENERGY CALCULATIONS 

 CELLS AND BATTERIES 

 HT 

Fuel Cells 

 In a chemical reaction, new substances are produced; The bonds in the reactants are broken and New bonds are made to form the products. 

 Breaking a chemical bond requires energy - it is an endothermic process. 

 When a new chemical bond is formed, energy is given out - it is an exothermic process. 

 If more energy is required to break bonds than is released when bonds are formed, the reaction must be endothermic. 

 If more energy is released when bonds are formed than is needed to break the bonds, the reaction must be exothermic. 

Endothermic                          

Exothermic                                      

Fuel Cells                                       

Cells 

Key Words 

Fuel cells are a very efficient way of produc-

ing electrical energy. The fuel is oxidised 

electrochemically to produce a Potential 

Difference (P.D) or voltage. 

Key Point - Fuel Cells 

 Cells contain chemicals which react to produce               

electricity.  

 The voltage produced by a cell is dependent upon a        

number of factors including the type of electrode and  

electrolyte.  

 A simple cell can be made by connecting two different 

metals in contact with an electrolyte. 

 Batteries consist of two or more cells connected together 

in series to provide a greater voltage.  

 In non-rechargeable cells and batteries the chemical         

reactions stop when one of the reactants has been used 

up.                                                                 

 Rechargeable cells and batteries can be recharged          

because chemical reactions are reversed when an external 

electrical current is supplied. 

Cells and Batteries 
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 HT 

        Hydrogen is added at the anode. The hydrogen molecules lose electrons to form hydrogen ions.  HT 

Oxygen is added at the cathode. The hydrogen ions formed at the anode travel through the electrolyte to the cathode, where they react with                   

oxygen molecules to form water. 
 HT 

The overall equation for the reaction  fuel cell is found by adding the two half equations together:  HT 

Energy Calculations  HT 



Calculating the Rate of Reaction 

RATE OF REACTION 
 CALCULAITN THE RATE OF REACTION 

 COLLISION THEORY 

 PLOTTING REACTION RATES 

 The quantity of reactant or product can be measured by 

the mass in grams, by a volume in cm3 or by an amount in 

moles. 

 The units of rate of reaction may be given as g/s, cm3/s, or mol/s. 

 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 | The presence of catalysts. 

Collision Theory 
 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. 

 There are four important factors that affect the rate of reaction: 

Temperature: 

 In a hot reaction mixture, the particles move more quickly – they collide more often and with greater energy, so more collisions are    

successful. 

Concentration: 

 At higher concentrations, the particles are crowded closer together – they collide more often, so there are more successful collisions 

Pressure: 

 Increasing the pressure of reacting gases also increases the frequency of collisions. 

Catalysts: 

 Provide a surface for the molecules to attach to, which increases their chance of bumping into each 

other, making more collisions                successful. 

Surface Area: 

 Small pieces of a solid reactant have a large surface area in relation to their volume. 

 More particles are exposed and available for collisions, so there are more collisions and a faster reac-
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Plotting Reaction Rates 
 Graphs can be plotted to show the progress of a chemical reaction 

 There are 3 key things to remember: The steeper the line the faster the reaction | When one of the reac-

tants used up, the reaction has finished, and the line becomes horizontal | Product formed = Amount of 

reactants  

 The rate of reaction at a particular time is given by graphs: Draw tangent to the curve at that time | Find 

the gradient of the tangent | The gradient is equal to the rate of reaction at that time. 
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Rate of Reaction =  
Amount of reactant used OR product formed 

time 



Catalysts 

REVERSIBLE  REACTIONS 
 CATALYSTS 

 REVERSIBLE REACTIONS 

 CLOSED SYSTEMS 

 CHANGING REACTION CONDITIONS 

 A catalyst is a substance that increases the rate of chemical reaction without being used up in the reaction. 

 Catalysts are not included in the chemical equation for the reaction. 

 A catalyst: Reduces the amount of energy needed for a successful collision | Makes more successful collisions | Speeds up the                  

reaction | Provides a surface fir the molecules to attach to, which increases their chances of bumping into each other. 

 Enzymes act as catalysts in biological systems. 

 Different reactions need different catalysts. E.g. the cracking of hydrocarbons uses broken pottery whereas the manufacture of ammo-

nia uses iron. 

 Increasing the rate of chemical reactions is important in industry, as it helps reduce costs. 

Reversible Reactions 
 Some chemical reactions are reversible, they can go forwards and/or backwards. 

 in a reversible reaction, the products can react to produce the original reactants. 

 These reactants are represented as: 

 The direction of reversible reactions can be changed by changing the conditions. 

 If a reversible reaction is exothermic in one direction, it is endothermic in the opposite reaction. 

 The amount of energy given out in exothermic reaction is the same as the amount of energy taken in during the endothermic reaction. 

1. What is a reversible reaction? 

2. When is a system in equilibrium? 

3. How can the effect of changing the conditions in a 

system that is in equilibrium be predicted? 

Quick Test 

Catalyst                       

Reversible Reaction           

Exo and Endothermic 

Closed System                        

Le Chatelier Principle 

Key Words 

When a reversible reaction occurs in a closed 

system, an equilibrium is achieved when the 

rate of the reaction going forwards is exactly 

the same as the rate of reaction going                 

backwards 

Key Point - Closed Systems 
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Closed Systems 
 In a closed system, no reactants are added, and no products are removed. 

 When a reversible reaction occurs in a closed system, an equilibrium is achieved when the rate of the forward reaction is equal to the 

rate of the backward reaction. 

 The relative amounts of all the reacting substances at equilibrium depends on the condition of the reaction. 

 HT 



Changing Reaction Conditions 
 Le Chatelier Principle states that if a system in equilibrium is subject to change in conditions then the system will change to resist 

change. 

  In an exothermic reaction: If the temperature increases the yield decreases | If the temperature decreases the yield increases 

  In an endothermic reaction: If the temperature increases the yield increases | If the temperature decreases the yield decreases 

 If the concentration of one of the reactants or products is changed: The system is no longer at equilibrium | The system adjusts until it 

can reach equilibrium once more. 

 In reactions involving gases: A pressure increase favours reaction that produces least gas molecule | A pressure decreases favours 

reaction that produces most gas molecules. 

 If the concentration of one of the reactants is increased, the position of equilibrium shifts so that more reactants are formed until            

equilibrium is reached again. 

 In contrast, if the concentration of one of the reactants is decreased, the position of equilibrium shifts so that more reactants are 

formed until equilibrium is reached again. 

 HT 



Alkanes 

ALKANES 
 ALKANES 

 CRUDE OIL AND HYDROCARBONS 

 FRACTIONAL DISTILLATION 

 BURNING FUELS 
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LEARN 

 Carbon atoms are linked to 4 other atoms by single bonds.  

 Alkanes only contain single bonds and are described as saturated hydrocarbons. This makes them fairly unreactive, but they burn well. 

 The general formula for alkanes is: CnH2n+2. 

                        For the exam you need to know that Methane C1H4, Ethane is C2H6, Propane is C3 H8 and Butane is C4 H10 

Crude Oil and Hydrocarbons 
 Crude oil is formed over millions of years from fossilised remains of plankton. It is 

found in porous rocks in the earths crust and in finite resources that are used to 

produce fuels. 

 Most of the compounds in crude oil are hydrocarbons (molecules made up of          

hydrogen and carbon atoms only) 

 Hydrocarbon molecules vary in size, which affects their properties and how they can 

be used as fuels. 

 The larger the hydrocarbon: The more viscous it is | The higher the boiling point | 

The less volatile it is | The less easily it ignites 

Fractional Distillation 
 Crude oil can be separated into different fractions by fractional distillation. Most 

hydrocarbons obtained are alkanes.  

 First the crude oil is heated until it evaporates the vapour 

 The vapour moves up the fractionising column. The top of the column is much colder 

than the bottom.  

 Shorter hydrocarbon molecules can reach the top of the column before they are       

condensed and are collected.  

 Longer hydrocarbon molecules condense at higher temperatures and are collected 

lower down the fractionising column. 

1. What is the chemical formula for propane? 

2. Describe how crude oil is made. 

3. Explain how crude oil can be separated by fractional 

distillation. 

Quick Test 

Saturated                             

Crude oil                                 

Hydrocarbons                    

Fractional Distillation 

Alkanes 

Key Words 

Fuels are substances that can be burned to release 

energy. 

 Viscous = Sticky. For hydrocarbons the larger the 

hydrocarbon the less easily it flows. 

Key Point - Crude oil and Hydrocarbons 



Burning Fuels 
 Most fuels are compounds of carbon and hydrogen. Many also contain 

sulphur. 

 During the combustion (burning) of hydrocarbon fuels: Both carbon 

and hydrogen are oxidised | Energy is released | Waste products are                      

produced, which are released into the atmosphere. 

 If combustion is not complete, then carbon monoxide, unburnt fuels 

and solid particles containing soot (carbon) may be released. 

 Carbon monoxide is a colourless, odourless and toxic gas. 

 Solid particles in the air, called particulates, can cause global              

dimming by reducing the amount of sunlight reaching the earths             

surface and cause damage to peoples lungs. 

 Due to the high temperatures reached when fuels burn, nitrogen in 

the air can react with oxygen to form nitrogen oxide. 

 These gasses can cause respiratory problems and react with  rain 

water (in the same way as sulphur dioxide) to form acid rain, which 

can damage plants and buildings. 

 Sulphur can be removed from fuels before burning (in motor vehicles) and 

removed from the waste gases after combustion (in power stations) 



Alkenes 

ALKENES 
 ALKANES 

 CRACKING HYDROCARBONS 

 REACTIONS OF ALKENES 

 BROMINE WATER 
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 Carbon atoms can form double bonds. This means that not all the carbon atoms have to be linked to 4 other atoms and can be               

represented by C=C. 

 Alkenes have at least one double bond so they are described as unsaturated. 

 The general formula for alkanes is: CnH2n  

Cracking Hydrocarbons 
 Longer chain hydrocarbons can be broken own into shorter, more useful hydrocarbons. This process is called cracking. 

 During catalytic  cracking : The hydrocarbons are heated until they vaporise | The vapour is passed over a hot catalyst | A thermal        

decomposition reaction then takes place | The products include alkanes and alkenes. 

 During steam cracking Hydrocarbons are mixed with steam and heated to a high temperature  

 There is a high demand for fuels with small molecules and so some of the products of cracking are useful as fuels.  

 Alkenes are used to produce polymers and as starting materials for the production of many other chemicals  

Reactions of Alkenes 
 Alkenes are more reactive than alkanes due to the C=C bonds. 

 They react with oxygen in combustion reactions. In these reactions they tend to burn with smokier flames than alkanes due to                            

incomplete combustion. 

 Hydrogen can be added to alkenes to produce alkanes.  

 This is an addition reaction. 

1. Why are alkenes more reactive than alkanes? 

2. Complete the equation for the cracking of octane:                                            

C8H18 >> C6H14 + ………….. 

3. Pentene has 5 carbon atoms. Give pentenes displayed formula  

Quick Test 

Unsaturated                             

Cracking                                 

Alkenes                                       

Addition Reaction    

Bromine Water 

Key Words 

Ethene reacts with bromine to form   

dibromoethane in an addition reaction. 

Extra Point - Bromine Water 

LEARN For the exam you need to know that , Ethane is C2H4, Propane is C3 H6 and Butane is C4H8 

Bromine Water 
 Alkenes are more reactive than alkanes. 

 They react when shaken with bromine water, turning it from orange to            

colourless.  

 This can be used to differentiate between alkanes and alkenes. 



Fermentation 

ORGANIC COMPOUNDS  
 FERMENTATION 

 DNA (DEOXYRIBONUCLEIC ACID) 

 STARCH AND CELLULOSE 
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 Aqueous solutions of ethanol can be produced by the fermentation of sugar, which is a renewable resource. 

 During fermentation:  

 Temperatures of 25°C to 50°C work best. If the temperature is: Too low – the yeast becomes inactive and the rate of reaction slows | 

Too high – the yeast is denatured and stops working. 

DNA (Deoxyribonucleic Acid) 
 DNA is a very large molecule. 

 It is essential for life – it stores and transmits the instructions for the development of living organisms and some viruses.  

 DNA is made from two polymer chains constructed from four different nucleotides: cytosine (C), guanine (G), adenine (A) and thymine  

 The two polymer chains form a double helix (spiral). 

Starch and Cellulose 
 Starch and cellulose are polymers of sugars. 

 They are made by plants and are important for life. 

 Sugars, starch and cellulose are all carbohydrates. 

1. What is the ideal temperature range for the fermentation of glucose? 

2. What are the effects if temperatures drop either below 25°C or above 50°C to fermentation? 

3. What does DNA stand for? 

4. What are the 4 different nucleotides that construct the 2 polymer chains that make DNA. 

5. What are starch and cellulose polymers of ? 

Quick Test 

Fermentation                       

DNA                                           

Cellulose 

Key Words 

Glucose molecules join together to form 

starch molecules. 

Key Point - Starch and Cellulose 



Alcohols 

ORGANIC COMPOUNDS 
 ALCOHOLS 

 CARBOXYLIC ACIDS 

 ESTERS 

 AMINO ACIDS 

O
R

G
A

N
IC

 

C
H

E
M

IS
TR

Y
 

 Alcohols are carbon-based molecules that contain the functional group 

hydroxyl, —OH. 

 Methanol, ethanol, propanol and butanol are the first four members of 

the homologous series of alcohols. 

 Alcohols: Dissolve in water to form neutral solutions | React with         

sodium to produce hydrogen | Burn in air to produce CO2 and H20 | Are 

used as fuels and solvents 

Carboxylic Acids 
 Carboxylic acids are organic compounds that contain the functional group carboxyl, —COOH. 

 Carboxylic acids: Dissolve in water to form acidic solutions | React with carbonates to produce CO2 | React with alcohols (in the    

presence of an acid catalyst) to form esters | Do not fully ionise in water | Are weak acids 

Esters 
 Alcohols and carboxylic acids react together to form esters that contain the 

functional group –COO. 

 When ethanol and ethanoic acid react together, the ester formed is ethyl 

ethanoate 

 Esters are volatile compounds, i.e. they have a low boiling point 

 They have distinctive smells and are used in perfumes and as flavourings in 

food 

1. Give the formula of the fourth member of the homologues series of 

alcohols, butanol. 

2. Why are Carboxylic acids called weak acids? 

3. What do Esters smell like>? 

Quick Test 

Hydroxyl, —OH                         

Homologous Series 

Carboxyl, —COOH                 

Esters, —COO                                      

Amino Acids 

Key Words 

Alcohol drinks contain ethanol. Ethanol 

can be oxidised to ethanoic acid by 

chemical oxidising agents or by the              

action of bacteria from the air. Ethanoic 

acid is the main acid in vinegar.  

Key Point - Alcohols 

Alcohol Structural Formula Formula 

Methanol  CH3OH 

Ethanol  CH3CH2OH 

ESTER I MUST KNOW - ETHYL ETHANOATE 

STRUCTURAL FORMULA 

CH3 CH2 COO 

FORMULA 

C₄H₈O₂ 

Amino Acids 
 Amino acids contain two different functional groups 

 The amine group, NH and the carboxyl group, COOH 

 Glycine, NH2CH2COOH, is an amino acid 

 Different amino acids join together to form polymers called proteins 

 HT 

 HT 



 HT 

POLYMERISATION 
 ADDITION POLYMERISATION 

 REPRESENTING POLYMERISATION 

 PROPERTIES OF POLYMERS 

 THERMOSOFTENING AND THERMOSETTING POLYMERS 

 CONDENSATION POLYMERISATION 
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Addition Polymerisation 
 Because alkenes are unsaturated they are useful for making other molecules, especially                   

polymers (long-chain molecules) 

 Many monomers (small molecules with double bonds) can join together to form polymers 

 This is called addition polymerisation 

 The materials commonly called plastics are all synthetic (man-made) polymers made in this way 

Representing Polymerisation 
 Polymerisation can be represented like this: 

 The general formula for polymerisation can be used to represent the       

formation of any simple polymer: 

 

 

 

 In addition polymerisation reactions: The repeating unit and the monomer units contain the same atoms | The percentage atom               

economy is 100% 

Properties of Polymers 
 The properties of a polymer depend on: What it is made from, i.e. what monomer was used | The conditions (e.g. temperature and                

catalyst) under which it was made 

 For example, low density poly (ethene) (LDPE) and high density poly( ethene) (HDPE) are both made from the monomer ethene. 

 However, the polymers have different properties because different catalysts and reaction conditions are used to make them 

 LDPE is used to make carrier bags and HDPE is used to make plastic bottles 

Thermosoftening and Thermosetting Polymers 
 Thermosoftening polymers such as poly (ethene): Consist of individual polymer chains that are tangled together (like spaghetti) | Have 

weak intermolecular forces between all of the polymer chains and soften on heating 

 Thermosetting polymers such as melamine: Consist of polymer chains that are joined together by cross-links | Do not melt when they are 

heated. 



Condensation Polymerisation 
 In Condensation polymerisation reactions, monomer molecules join together to form large polymer molecules and lose small molecules 

such as water as by products 

 The simplest polymers are formed when diols (molecules with two hydroxyl, OH, groups) join together with dicarboxylic acids (molecules 

with two carboxyl, COOH, groups). 

 For example, lots of ethane diol molecules react with lots of hexandoic acid molecules to form Terylene, a type of polyester: 

 

 

 

 

 

 

 

 

 

 Amino acids join together by condensation polymerisation to form polypeptides and water 

 Polypeptides contain lots of peptide links 

 A peptide link is the bond formed between the carboxyl groups and the amino groups when amino acids join together 

 Glycine is an amino acid with the formula H2NCH2COOH 

 It polymerises to form a polypeptide with the formula (—HNCH2CO—)n  and n H20 

 HT 

1. Name the addition polymer formed when lots of styrene molecules 

join together. 

2. What is percentage is the atom economy in addition                            

polymerisation reactions? 

4. Name the type of reaction used to produce Polyesters. 

5. Name the bond between the carboxyl groups and the amino acids 

groups formed when amino acids join together? 

Quick Test 

Polymers                                

Monomers                              

Addition Polymerisation 

Condensation                

 Polymerisation              

Diols                                         

Dicarboxylic Acids                

Polyester 

Key Words 

Polymers such as poly (ethene) 

and poly (propene) are made in 

addition polymerisation reactions 

Key Point - Addition Polymers 

Polyesters are made by                        

condensation polymerisation             

reactions 

Key Point - Condensation P. 



Pure and Impure Substances 

CHEMICAL ANALYSIS 
 PURE AND IMPURE SUBSTANCES 

 FORMULATIONS 

 CHROMOTOGRAPHY 

 INSTRUMENTAL METHODS 
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 In chemistry, a pure substance is a single element or compound, not mixed with any other substance. 

 Pure elements and compounds melt and boil at specific temperatures. Melting point and boiling point can be used to distinguish pure 

substances from mixtures.  

 In everyday language, a pure substance can mean a substance that has had nothing added to it, e.g. pure milk.  

 Impure substances are mixtures. They do not melt and boil at one temperature — they change state over a range of temperatures. 

Formulations 
 Formulations (e.g. fuels, cleaning agents, paints, medicines) are mixtures that have been carefully designed to have specific                     

properties. 

 Many formulations are complex mixtures in which each chemical has a particular purpose. 

 The components in a formulation are carefully controlled.  

 Formulations include fuels, cleaning agents, paints, medicines, alloys, fertilisers and foods.  

Chromatography 

 Standard laboratory equipment can be used to detect and identify elements and compounds. 

 However, methods that involve highly accurate instruments to analyse and identify substances have been developed to perform this  

function more effectively. 

 Flame emission spectroscopy is a very useful instrumental method. 

 A sample of the metal solution is placed in a flame and the light emitted is passed through a spectroscope. 

 This produces a line spectrum which can be used to: Identify the metal ions in the solution | Measure the concentration of the metal ions 

Instrumental Methods 

 Chromatography can be used to separate mixtures of coloured compounds. Mixtures that are suitable for separation by chromatography 

include inks, dyes and colouring agents in food. 

 Simple chromatography is carried out on paper. A spot of the mixture is placed near the bottom of a piece of chromatography paper and 

the paper is then placed upright in a suitable solvent, e.g. water. As the solvent soaks up the paper, it carries the mixtures with it.         

1. A substance melts at 34oC. Is this sub-

stance a mixture? 

2. Give 4 advantages of instrumental    

methods of analysis 

Quick Test 

Pure                                         

Formulations                       

Chromatography               

Flame emission                

spectroscopy 

Key Words 

 

Extra Point - Gas Tests 

Gas Test 

H2 Squeaky Pop 

Cl2 Turns damp indicator 

Gas Test 

O2 Relights a splint 

CO2 Turns limewater 



Flame Tests 

IDENTIFYING   SUBSTANCES 
 FLAME TESTS 

 REACTING CARBONATES WITH DILUTE ACIDS 

 PRECIPITATION OF METAL IONS 

 SULPHATES AND HALIDES 
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 Flam tests can be used to identify metal ions (cations). 

 Lithium, sodium, potassium, calcium and copper compounds can be recognized by the distinctive 

colours they produce in a flame test. 

 The following distinctive colours indicate the presence of certain ions: Green for copper | Brick 

red for calcium | Crimson red for lithium | Light purple for potassium | Yellow for sodium. 

 If a sample contains a mixture of ions, the colours of some ions can be masked. 

Reacting Carbonates with Dilute Acids 
 Carbonates react with dilute acid to form carbon dioxide gas, salt and water. E.g. 

 Most metal carbonates are insoluble. 

 However, sodium carbonate and potassium carbonate are soluble and dissolve in water to from solutions that contain carbonate ions. 

Precipitation of Metal Ions 
 Solutions of metal compounds contain metal ions. 

 Some of these form precipitates, i.e. insoluble solids that come out of solution, when sodium hydroxide solution is added to calcium 

chloride solution, a white precipitate of calcium hydroxide is formed (as well as sodium chloride solution). 

You can see how this precipitate is formed by looking at the ions involved: 

Sulphates and Halides 
 If dilute hydrochloric acid and barium chloride solution ae 

added to a solution containing sulphate ions, a white         

precipitate of barium sulphate is produced. 

 Solutions of halide ions (chloride, bromide and iodide ions) 

react with silver nitrate solution in the presence of dilute 

nitric acid to produce silver halide precipitates: Silver        

chloride is white | Silver bromide is cream | Silver iodide is 

yellow 

1. What colour flame is produced when a sample of 

copper chloride is used in a flame test? 

2. What is a precipitate? 

3. How can a sulphate be identified? 

Quick Test 

Flame Tests                            

Carbonates                         

Precipitate                           

Insoluble                                

Halide 

Key Words 

Some metal ions can be identified by adding sodium 

hydroxide solution, to solutions of metal ions to form 

precipitates.                                                                                       

Precipitates = is an insoluble solid that emerges 

from a liquid solution. 

Key Point - Precipitation of Metal Ions 

 HT 
 The table shows the precipitates formed when metal 

ions are mixed with sodium hydroxide solution: 

Metal Ion Precipitate formed Precipitate colour 

Calcium, Ca2+(aq) Calcium Hydroxide White  

Magnesium, Mg2+(aq) Magnesium Hydroxide White 

Copper (II), Cu2+(aq)  Copper (II) Hydroxide Blue 

Iron (II), Fe2+(aq) Iron (II) Hydroxide Green 

Iron (III), Fe3+(aq) Iron (III) Hydroxide Brown 
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The Atmosphere Today 
 The proportions of gases in the atmosphere have been more or 

less the same for about 200 million years. 

 Water vapour may also be present in varying quantities (0-3%) 

1. What was the main gas in the earths early atmosphere? 

2. What is the main compound in limestone rocks? 

3. Write the balanced symbol equation for photosynthesis. 

Quick Test 

Gases                                      

Algae    

Photosynthesis  

Atmosphere 

Key Words 

The earth’s  early atmosphere was mainly Carbon 

Dioxide - CO2. Over time the levels of Oxygen - O2 have 

increased and the levels of Carbon Dioxide have                

decreased. 

Key Point - The Earth’s Atmosphere 

Decrease of Carbon Dioxide Levels 
 As plants and algae have evolved, the level of carbon dioxide in the atmosphere has decreased.  

 This is because plants use carbon dioxide during photosynthesis. 

 Carbon dioxide has also decreased as carbon becomes locked up in sedimentary rock like limestone and fossil fuels like coal, crude oil 

and natural gas. 

 Limestone contains calcium carbonate and can be formed from the shells and skeletons of sea creatures. 

 Coal is a sedimentary rock formed from plant deposits that were buried and compressed over millions of years. 

 The level of carbon dioxide in the atmosphere has also been reduced by the reaction between carbon dioxide and sea water. 

 This reaction produces: Insoluble carbonates that are deposited as sediment | Soluble hydrogen carbonates. 

 However, too much carbon dioxide dissolving in the oceans can harm marine life, such as coral reefs. 

Increase in Oxygen Levels 
 Algae and plants photosynthesise. 

 During photosynthesis, carbon dioxide and water react to produce 

glucose and oxygen: 

 

 

 Algae first started producing oxygen about 2.7 billion years ago. 

 Over the next billion years, plants evolved and the amount of oxygen in the atmosphere increased enough to allow animals to evolve. 



The Earths Atmosphere 
 The atmosphere has changed a lot since the formation of the earth 4.6 billion years ago. 



Greenhouse Gases 

GREENHOUSE GASES 
 GREENHOUSE GASES 

 THE IMPACT OF HUMAN ACTIVITIES 

 GLOBAL CLIMATE CHANGE 

 CARBON FOOTPRINTS 

 High energy, short wavelength infrared radiation from the sun passes through the atmosphere and reaches the Earth’s surface. Some of 

the radiation is absorbed by the Earth. 

 However lower, longer wavelength infrared radiation is reflected by the Earth’s surface. 

 Greenhouse gases in the Earth’s atmosphere absorb this outgoing infrared radiation, which increases the Earth's temperature.  

 Greenhouse gases in the atmosphere maintain temperatures on Earth high enough to support life. Water vapour, carbon dioxide and 

methane are greenhouse gases.  

The Impact of Human Activities 
 Some human activities increase the amounts of greenhouse gases in the atmosphere. These include: Carbon dioxide | Methane 

 Based on peer-reviewed evidence, many scientists believe that human activities will cause the temperature of the Earth’s atmosphere 

to increase at the surface and that this will result in global climate change. 

 However, it is difficult to model such complex systems as global climate change. This leads to simplified models, speculation and                 

opinions presented in the media that may be based on only parts of the evidence and which may be biased. 

Global Climate Change 
 If the average global temperature increases this could cause global climate change. This impact of this could include: More frequent 

and severe storm events | More droughts | Changes in the amount and timing of rainfall, with some areas receiving more and others 

receiving much less | A rise in sea level, which could cause devastating flood and more coastal erosion 

1. Name three greenhouse gases. 

2. What human activity are increasing the levels of CO2? 

3. What ways can carbon footprint be reduced but what 

are what are problems with these methods also? 

Quick Test 

Infrared                                 

Greenhouse Gases 

Biased                                    

Global Climate Change                                  

Carbon Footprint 

Key Words 

Trees use CO2 for photosynthesis and therefore reduce 

the net amount of CO2 reaching the atmosphere. The  

idea of carbon off-setting is to plant enough trees to 

balance out the CO2 being produced by manufacturing 

processes / product use. 

Key Point - Carbon Footprints 
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Carbon Footprints 
 The carbon footprint of a product, service of event is the total amount of greenhouse gases that  have been emitted in its life cycle. 

 For a product this includes production, use and disposal of the item.  

 The carbon footprint can be reduced though: Using alternate energy supplies | Wasting less energy | Carbon taxes and licensing |              

Carbon Capture Storage (CCS), to prevent carbon dioxide being released into the atmosphere. 

 However reducing the carbon footprint is not straightforward. 

 Problems include: Disagreement between scientists over the causes and consequences of global climate change | Lack of knowledge in 

the general population | Disagreement between countries as to what should be done 
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Sustainable Development 
 Human rely on the Earth’s resources to provide them with warmth, shelter, food, and transport. 

 All our resources come from the Earth’s crust, oceans, or atmosphere. 

 These resources can be renewable, such as timber, or finite such as metal ores. 

 Care must be taken to ensure that the planet does not become too polluted. 

 In the past, natural resources were enough to provide the human population with food, timber, clothing, and fuels. 

 However, as the population has increased, humans have come to rely on agriculture to supplement or even replace such resources. 

 Chemistry plays a key role in improving agricultural and industrial processes – allowing new products to be developed and contributing 

towards sustainable development. 

Waste Water Treatment 
 Large amounts of waste water are produce by homes, agricultural and industrial processes. 

 This waste water must be treated before it can be safely released back into the environment. 

 Organic matter, harmful micro-organisms and toxic chemicals must be removed from sewage and agricultural waste water. 

 Sewage treatment includes: Screening and grit removal | Sedimentation to produce sewage sludge and effluent | Anaerobic digestion 

of sewage sludge | Aerobic biological treatment of effluent 

 HT 

Drinking Water 
 Water of the correct quality is essential for life. 

 Water naturally contain micro-organism and dissolved salts. These need to be at low levels for the water to be safe for humans to drink. 

 Fresh water contains low levels of dissolved salts. 

 Water that is good quality and safe to drink is called potable. In the UK potable water is produced in the following way: 

 

 

 

 

 Ozone and ultraviolet can also be used to sterilise water. 

 To improve the taste and quality of tap water, more dissolved substances can be removed by passing the water through a filter                             

containing carbon, silver, and ion exchange resins. 

 If fresh water supplies are limited, sea water can be desalinated to produce water. This can be done by distillation, however this                     

requires a lot of energy making it very expensive. 

 During distillation: The water is boiled to produce steam | The steam is condensed to produce pure liquid water. 



Alternate Methods of Extracting Metals 
 Copper is a useful metal because: It is a good conductor of electricity and heat | It is easily bent, yet hard enough to make water pipes 

and tanks | It does not react with water so lasts for a long time 

 Copper can be extracted from copper-rich ores by heating the ores with carbon in a furnace. This process is known as smelting. 

 The copper can then be purified by electrolysis. 

 Copper can also be obtained: From solutions of copper salts by electrolysis | By displacement using scrap iron 

 During electrolysis the positive copper ions move towards the negative electrode and form pure copper. 

 The extensive mining of copper in the past means that we are running out of copper-rich ores. 

 As a result, new methods have been developed to extract it from ores that contain less copper. 

 Copper can be extracted from: Ores that contain small amounts of copper (low-grade ores) | Contaminated land by biological methods 

 Phytomining is a method that uses plants to absorb copper: As the plants grow they absorb and store copper | The plants are then burned, 

and the ash produced contains copper in relatively high quantities. 

 Bioleaching uses bacteria to extract metals from low grade ores: A solution containing bacteria is mixed with a low-grade ore | The             

bacteria convert the copper into a solution, from which copper can be easily extracted. 

 HT 

Agriculture                                  

Sustainable Development 

Potable                                        

Desalinated                                  

Phytomining                           

Bioleaching 

Key Words 

Phytomining and bioleaching are more                               

environmentally friendly than traditional methods. 

Those methods included digging up & moving 

large quantities of rock and having to dispose of 

large amounts of waste materials. This method 

didn't match requirements so had to be dropped. 

Key Point - Alternative Methods of ... 

1. Why is chlorine added to water? 

2. What affect has the increase in population had on               

agriculture? 

3. What is Phytomining? 

4. What is Bioleaching? 

Quick Test 
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Preventing Corrosion 
 Metal corrode when they react with oxygen and waster in the environment. 

 The term rusting is often used when iron objects, or objects containing iron like steel, corrode: 

 Corrosion can be prevented in several different ways. 

 Painting, electroplating or greasing a metal object stop oxygen and water from reaching the surface and, therfore, stop corrosion occur-

ring. 

 However, if the coating is damaged the metal will start to corrode. 

 In sacrificial protection, a more reactive metal is placed in contact with the metal. For example: Blocks of the more reactive magnesium 

metal are attached to the iron object | As magnesium is more reactive than iron, it reacts and loses electrons instead of the iron. 

 Galvanising can be used to protect iron or steel objects: The object is coated in a layer of zinc | The zinc layer stop oxygen and water 

from reaching the metal, stopping corrosion | If the surface of the zinc is scratched, it does not matter—the zinc provides sacrificial 

protection. 

 Aluminium objects are protected from corrosion by a thin layer of aluminium oxide, this acts as a barrier for aluminium reacting further. 

Life Cycle Assessment (LCA) 
 A life cycle assessment (LCA) is used to access the environmental impact a product has over its life time.  

 This provides a way of comparing several alternative products to see which one causes this least environmental damage. 

 To carry out an LCA, scientists measure the impacts of: Extracting raw materials | Processing raw materials | Manufacturing the     

product | How the product is used | How the product is transported | How the product is disposed 

 Some aspects of the LCA aren't easy to quantify and involve value judgements e.g. the image of a pollutant on the environment.  

 This means a LCA is not completely objective. 

Glass, Ceramic and Composites 
 Glass is a non-crystalline solid and there are many different types:  

 These include: Soda-lime glass — which is made by heating a mixture of sand, sodium carbonate and limestone and is used as window 

glass | Pyrex — is made by heating sand and boron trioxide to a higher temperature than that used for producing soda-lime glass |    

Borosilicate glass — is used to make cooking equipment and car headlights  

Corrosion                                             

Rusting                                            

Sacrificial Protection                   

Galvanising                                       

Life Cycle Assessment 

(LCA)     

Key Words 

1. How does sacrificial protection protect steel 

objects? 

2. Why does aluminium appear to be less reactive 

than its position in the reactivity series ? 

3. How can LCAs help people about what to buy? 

Quick Test 

Recycling generally uses far less energy than the initial 

extraction and the production processes. As a result, less 

fossil fuels are burned and less greenhouse gases are 

released into the atmosphere. It also preserves our               

reserves of raw materials for the future so future                       

generation s aren't without important raw materials. 

Extra Point - Reducing the Use of Resources 
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The Haber Process 
 Reversible reactions may not go to completion. However, they can still be used efficiently in continuous processes, such as the Haber 

process. 

 The Haber process us used to manufacture ammonia, which is used to produce nitrogen based fertilisers. 

 The raw materials for the Haber process are: Purified nitrogen - from the fractional distillation of liquid air | Hydrogen - from natural 

gas or steam. 

 The nitrogen and hydrogen are passed over an iron catalyst at 450oC and high pressure (about 400 atmospheres) 

 Some of the hydrogen and nitrogen reacts to form ammonia. 

 Because the reaction is reversible, some of the ammonia produced will break down into hydrogen and nitrogen. 

 On cooling, the ammonia liquefies and can be removed from the mixture. 

 The unreacted nitrogen and hydrogen are recycled 

NPK Fertilisers 
 Compounds of nitrogen, phosphorus and potassium are used as fertilisers to improve agricultural productivity. NPK fertilisers contain 

compounds of all three elements. 

 Industrial production of NPK fertilisers can be achieved using a variety of raw materials in several integrated processes. NPK                        

fertilisers are formulations of various salts containing appropriate percentages of the elements. 

 Ammonia can be used to manufacture ammonium salts and nitric acid. 

 Potassium chloride, potassium sulphate and phosphate rock are obtained by mining, but phosphate rock cannot be used directly as a 

fertiliser. 

 Phosphate rock is treated with nitric acid or sulfuric acid to produce soluble salts that can be used as fertilisers.  

 HT 

Choosing the Conditions 
 The reaction between hydrogen and nitrogen is exothermic. 

 A high reaction temperature would give a fast rate of reaction but a low yield of ammonia. 

 A low reaction temperature would give a slow rate of reaction but a high yield of ammonia. 

 In practice, a moderate temperature is used. 

 A high pressure encourages a high yield of ammonia. The iron catalyst increases the rate of reaction. 

 These reactions are chosen to produce a reasonable yield of ammonia quickly. Even so, only some of the hydrogen and nitrogen             

reaction together to form ammonia. 

 HT 

Haber Process is used to 

manufacture ammonia 

Key Point-The HP 

1. In the Haber Process how is the ammonia 

removed from the reaction mixture? 

Quick Test 

Reversible Reactions 

Haber Process 

Key Words 

Catalyst                      

Exothermic 

Key Words 

NPK Fertilisers              

Phosphate Rock 

Key Words 


