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A Message from TheGOALKeeper© 

 

Dear GOALsetter, 

 

Welcome to the beginning of your AQA GCSE 9-1 Chemistry journey with 
TheGOALKeeper©. This revision guide was forged from 2 years worth of experi-
ence and knowledge tackling this course, compressing hundreds of pages of 
content into just a few dozen, to use as an aid to your revision. TheGOALKeep-
er© believes in effective fast revision with minimal amount of time reading and 
writing notes, with more of an emphasis on practice and exam style questions, 
hence why this guide is so compact, with us doing the work for you.  

 

TheGOALKeeper© mission is to provide 100% free resources covering studies, 
fitness and motivation which are easy to access and always there when you 
need it. TheGOALKeeper© was formed at the heart of the Corona Virus Pan-
demic, where millions of student’s educations were disrupted, including my 
own GCSE’s. The impact of this at the time seemed detrimental to my future 
and a ideal place for an on demand free service like TheGOALKeeper© to exist. 

 

In order to achieve top grades at GCSE level an individual must embody a life of 
self-mastery, forging discipline, resiliency, drive, determination, vision and 
courage. Your GCSE’s are just the start, a life of learning, personal fulfillment, 
and success awaits, so Break Your Boundaries© now, and remember, it pays to 
be a winner! 

 

Best Wishes, 

 

TheGOALKeeper© 

 

Break Your Boundaries©  
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What's in the exam? 

 

• 1 hour 45 minutes long 

• Multiple choice questions 

• Long and short written questions 

 

Paper 1 – 100 marks – 50% of GCSE 

- Atomic structure and the periodic table; Bonding, structure, and the proper-
ties of matter; Quantitative chemistry; Chemical changes; and Energy changes. 

Paper 2 – 100 marks – 50% of GCSE 

- Rates and equilibrium; Organic chemistry; Chemical analysis; The Earths at-
mosphere; Using resources. 

There are 8 required practical's to complete and the theory and application of 
these is examined within these two papers. There is no practical examination. 

 

How can you revise? 

• Make the most of this free revision guide. 

• Complete all of the past paper questions we have on our website. 

• Use our flashcards and use them to study with a friend. 

• Contact TheGOALKeeper©
  for tutoring and online support. 

 

Email: thegoalkeeper05@gmail.com 

Website: www.thegoalkeeper.org 

 

        Break Your Boundaries©
  

 

*This guide is printer friendly 
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revision. Your primary area of study should be conducted directly from the exam boards website 
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3. In most cases, each bullet point represents a mark in the exam. 
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And don’t forget to… 

 

        Break Your Boundaries©
  

 

Now lets get started! 
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Paper 1- 

1. Atomic structure and the periodic table- 

1.1 The atom, separation, charge and isotopes- 

• An atom is the smallest particle of a chemical element that can exist. 

• An element is a substance made of just one type of atom. 

• A molecule is where two or more atoms are chemically bonded together. 

 

• Compound- is a substance made up of two or more elements chemically bonded together. They have: A fixed composi-
tion, chemical bonds between the atoms, and chemical reactions must be used to separate the elements in a compound.  

• Mixture- substance made up of two or more elements not chemically bonded together. They have: No fixed composi-
tion, no chemical bonds between the atoms, and can be separated easily using their physical properties.  

 

• Solution- A mixture of a solute and a solvent. 

• Solvent- liquid in which a solute dissolve. 

• Solute- A solid which dissolves in a solvent. 

 

• Filtration- Used to separate an insoluble solute from a solvent. 

• Fractional distillation- Used to separate liquids of different boiling points. 

• Paper chromatography- Used  to separate liquids with different solubility's. 

 

• Plum pudding model: J.J Thompson 

1. Tiny negatively charged particles (plums). 

2. Infused in a cloud of positive charge (pudding). 

3. Mass is equally distributed. 

4. Attracted to positive charge. 

5. Showing that they are negative themselves. 

 

• Gold foil experiment: Ernest Rutherford 

1. Positive alpha particles fired at gold foil. 

2. Most passed straight through. 

3. Showing an atom is largely empty space. 

4. Some were deflected a little. 

5. Very few were deflected a lot. 

6. Showing a nucleus is very small and positively charged. 

 

• Electrons: Niels Bohr 

1. Noticed that light was given out when atoms were heated. 

2. Showing they had specific amounts of energy. 

3. And that they were orbiting at set distances in energy levels. 

4. Demonstrating that electrons are arranged in levels at different distances from the nucleus. 
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• Neutrons: James Chadwick 

1. Noticed that there was missing mass in atoms. 

2. Proved that this missing mass was neutrons. 

3. Showed that that these neutrons had no charge and had the same mass as a proton.  

 

The Makeup of an Atom- 

 

 

• Atomic Number- Number of protons or electrons. 

• Mass Number- Total Number of protons and neutrons. 

• Number of neutrons= Mass Number- Atomic Number. 

 

• Ion- A charged atom. 

• Isotope- Atoms of the same element with the same number of protons but different number of neutrons. 

 

1.2-  The Periodic table 

Arrangement of electrons around a nucleus- 

• 1st shell can accept up to 2 electrons. 

• All others can accept up to 8. 

• 2, 8,8,8… 

 

James Dalton periodic table- 

1.         Arranged elements in order of atomic weight. 

 

John Newlands periodic table- 

1.         Arranged elements in order of atomic weight. 

2.         Recognized that every eight-element seemed similar producing the ‘law of octaves’. 

 

Mendeleev’s periodic table- 

1.         Arranged elements in order of atomic weight. 

2.         Arranged elements using the ‘law of octaves’. 

3.         Left gaps for undiscovered elements, predicting their properties. 

 

The above is in chronological order and shows how these scientists built up on each others ideas producing the 
modern periodic table. 

 Charge Mass 

Electron -1 0.0005 

Proton +1 1 

Neutron 0 1 
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Period Number-  

• Horizontal rows. 

• Tells you the number of shells. 

 

Group Number- 

• Vertical columns. 

• Tells you the number of electrons in the outer shell. 

 

Why are Group 0 (Noble gases) unreactive- 

• They have a full outer shell. 

 

Why Group 1 elements become more reactive down the group- 

• Elements get larger down the group. 

• Therefore, the outer shell is further from the nucleus. 

• And shielded by other electrons. 

• Resulting in electrons easily being lost. 

 

Why Group 7 (Halogens) elements become less reactive down the group- 

• Elements get larger down the group. 

• Therefore, outer shell electron is further from the nucleus. 

• And shielded by other electrons. 

• Resulting in it being harder to gain an electron. 

 

Properties of Group 7 (Halogens)- 

• Poor conductors of electricity. 

• Low melting and boiling points. 

 

Group 7 (Halogens) displacement reactions- 

• Cl2 + 2KBr →  2KCl + Br2 

• Br2 + 2KI →  I2 + 2KBr 

 

Properties of transition metals- 

• High melting points. 

• High density. 

• Hard. 

• Strong. 

• Good conductors of heat and electricity. 
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2.  Bonding , Structure, and the properties of matter- 

Structure of a Solid- 

• Particles are held tightly together. 

• Vibrate around in fixed positions. 

• Strong forces of attraction between particles. 

Structure of a liquid- 

• Particles are close together. 

• Can slip and slide over each other in random motion. 

• Partially strong forces of attraction between particles. 

Structure of a gas- 

• Particles are far apart. 

• Randomly arranged. 

• Weak forces of attraction between particles. 

 

Giant ionic structures- 

• Contain strong electrostatic forces of attraction between oppositely charged ions. 

• Acting in all directions (ionic bonds). 

• Between a metal and non-metal. 

 

Why giant ionic structures have such high melting points- 

• Strong forces of attraction between oppositely charged ions. 

• Therefore, lots of energy has to be applied to break these bonds. 

 

Why giant ionic structures don’t conduct electricity when solid- 

• Ions are not free to move. 

• Therefore, the charge cannot be carried. 

• Must be molten/dissolved in order to conduct electricity. 

 

Covalent bonding- 

• When 2 non- metals 

• Share a pair of covalent bonds 

 

Simple molecules- 

• Strong covalent bonds 

• Weak intermolecular forces attraction  

 

Why Simple molecules have low melting and boiling points- 

• Weak intermolecular forces 
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• Which require little energy to break the bonds. 

 

Why don’t Simple molecules conduct electricity- 

• They do not have an overall charge. 

• Due to no free electrons. 

 

Structure of Graphite- 

• Each carbon makes 3 carbon bonds. 

• Covalent bonds. 

• Arranged in layers. 

• Weak intermolecular forces between layers. 

 

Why graphite has a high melting point- 

• Many strong covalent bonds. 

• Which require lots of energy to break. 

 

Why graphite conducts electricity- 

• Each carbon atom is only bonded to 3 other carbons. 

• Therefore the 4th electron is free to move and carry the charge. 

 

Why Graphite is used as lubricants- 

• The carbon atoms are arranged in consistent layers. 

• These layers are held together by weak intermolecular forces of attraction. 

• The layers can slide over each other. 

 

• Graphene is a single layer of Graphite. 

 

Structure and properties of Graphene- 

• Strong covalent binds between the carbon atoms. 

• Very high melting point. 

• As lots of energy is required to break the bonds. 

• It can conduct electricity. 

 

• As there are delocalized electrons to carry the charge. 

 

Structure of Diamond- 

• Each carbon makes 4 bonds. 

• Giant covalent structure. 
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• No free electrons. 

• Many strong covalent bonds. 

 

Why diamond has a high melting point- 

• It is a giant covalent structure. 

• Where each carbon atom is bonded to 4 others. 

• Therefore, lots of energy is needed to break these strong covalent bonds. 

 

Why diamond doesn’t  conduct electricity- 

• There are no free electrons. 

• As all the carbons have already made 4 bonds. 

 

Structure of metals- 

• Arranged in a giant lattice. 

• Contains positive ions. 

• And a sea of delocalized electrons. 

 

Why metals have high melting and boiling points- 

• They have strong electrostatic forces of attraction. 

 

Why metals conduct electricity- 

• Delocalized electrons. 

• Which are free to move. 

• And carry the charge. 

 

Properties of a metal- 

• Ductile- Can be drawn into a wire. 

• Malleable- Can be hammered into shape. 

• Sonorous- When hit makes a sound. 

 

• Alloy– A mixture of two or more metals. 

 

• Fullerenes– Molecules of carbon atoms with hollow shapes. 

• E.g.  is buckminsterfullerene. 

• A common use of fullerenes is nanotubes. 

 

• Nanoscience- The study of very small particles usually between 1 and 100 nanoparticles big. 

• A use of nanotubes is coatings for glass. 
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3. Quantitative Chemistry- 

3.1- Quantitative interpretation of a chemical equation- 

 

• Law of conservation of mass- Mass of products are equal to the mass of reactants. 

 

Why the mass of a reactant may change-  

• The reactant may produce a gas. 

• Which is hard to capture and measure. 

 

• The relative formula mass (Mr) of a compound- Sum of the relative atomic masses of the atoms in the com-
pound. 

 

3.2 Chemical measurements 

 

• Mole- One mole is the relative atomic mass or relative formula mass of any substance expressed in grams. 

 

• Equation to find moles= Mass 

                                                          Mr 

 

 Avogadro constant-  

• The number of molecules in a mole. 

• Which is equal to 6.02 X 1023 

 

Calculating the mass of an element in a compound- 

• Mass of element 

          Mass of compound 

 

Example exam style questions: 

 Titanium chloride is heated with sodium to form titanium metal. 

 
4Na(s)  +  TiCl4(l)  →  Ti(s)  +  4NaCl(s) 

 
Relative atomic masses:  Cl  35.5;  Ti  48. 
 

Calculate the relative formula mass (Mr ) of TiCl4. (Show your working.) 

 

 

 

Mr of Titanium chloride =  190 (Total 2 marks) 

 
 

Mr = 48+ (35.5 X 4)= 190 
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B.      Calculate the mass of titanium that can be extracted from 570 kg of titanium chloride. 
 

 
 
 
 
 
 
 
 
 
 

     
  Mass of titanium = 144 kg (Total 3 marks) 

 
2.      6 g Magnesium ribbon can be reacted with 7.3 g hydrochloric acid to form magnesium chloride and       
          hydrogen gas. Show that HCL is the limiting reactant? 
 
 

     Mg(s) + 2 HCl(aq) --> MgCl 2(aq) + H 2(g) 

 

         Relative atomic masses: Mg  24;  H  1;  Cl  35.5 

 

 

 

 

 

 

 

 

 

 
 

Limiting reactant = HCL (Total 4 marks) 
 

3.3 Percentage yield- 
 

• Percentage yield=    Actual mass of product produced  

                                        Maximum theoretical mass of product 

 

Factors affecting percentage yield- 

• The reactants may not be pure. 

• Some reactant s may give unexpected and unwanted products. 

• The reaction may be reversible. 

• Some of the product may be left in the apparatus. 

• Some of the desired product is lost in separation. 

1. Moles= Mass/Mr                                          5. Mass of Ti= Moles X Mr 

2. Mass of TiCL4 = 570 kg                                 6. Molar ratio of Ti to TiCL4 = 1:1 

3. Mr= 48 + (35.5 X 4)                                       7. So, moles of Ti also equals 3 

4. Moles of TiCL4 = 570/190 = 3 moles          8. Mr of Ti- 48 

                                                                                     9. Mass of Ti= 3 X 48= 144 

1. For this question you must completely ignore the products and just look at the reactants 

2. Moles of Mg= 6/24= 0.25 moles 

3. Moles of HCL= 7.3/36.5= 0.2 moles 

4. From the balanced symbol equation 1 mole of Mg reacts with 2 moles of HCL. 

5. So, 0.25 moles of Mg will have to react with 0.40 moles of HCL in order to react com-
pletely. 

6. However, we don’t have 0.40 moles of HCL we only have 0.2 moles therefore HCL is the 

     limiting reactant. 
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3.4 Atom economy-  

• Percentage atom economy=        Relative formula mass of desired product from equation 

                                                             Sum of the relative formula masses of the reactants from equation 

 

Why there may not be 100% atom economy 

• Waste products are formed. 

• 100% atom economy may require more pressure or energy which is expensive. 

 

3.5 Expressing concentrations- 

• Concentration (g/dm3)=        Amount of solute (g) 

                                                            Volume of solution dm3          

 

You can increase the concentration of an aqueous solution by- 

• Adding more solute to the same volume of solution. 

• Evaporating off some of the water from the solution so you have the same amount of solute in a smaller 
volume of solution. 

 

3.6  Titrations- 

• Titrations are used to measure the exact volumes of acid and alkali needed to react with each other. 

• The point where the acid and alkali have reacted completely is called the end point. 

• The relationship between moles concentration and volume which must be used in titration calculations is- 

     Moles= Concentration X Volume 

• Here is an easy way you can organize the information you are given- 

 

 

 

Example exam style questions- 

 

1. A student carried out a titration to find the concentration of a solution of sulphuric acid. 25.0 
cm3 of the sulphuric acid solution was neutralized exactly by 34.0 cm3 of a potassium hydroxide 
solution of concentration 2.0 mol/dm3. The equation for the reaction is: 
 

2KOH(aq)  +  H2SO4(aq)  →  K2SO4(aq) + 2H2O(l) 
 
                     
 

                       Question continues on the next page 

   Acid  Alkali 

 Moles     

 Concentration     

 Volume     
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A. Calculate the number of moles of potassium hydroxide used. 
 
 
 
 
 
 
 

   Number of moles = 0.068 (Total 2 marks) 
 
B.  Calculate the concentration of the sulphuric acid in mol/dm3. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

                                                                        Concentration = 1.36 mol/dm3 (Total 3 marks) 
 
Here is an example of a completed table for this question: 

 
 
 
 
 
 
 

 
3.7 Volumes of gases 
 

• Number of moles of gas= Volume of gas (dm3)  
                                                                    24 dm3 

 
Example exam style question: 
 
1. The air comprises of nitrogen, oxygen and Carbon dioxide along with other gases in small amounts. A stu-

dent gathers air in to a bag and shuts it. The bag contains 9g of oxygen gas.  
 
A. What volume would the oxygen gas occupy? 
 

 
 
 
 
 
 
 

                                                                                                              Volume = 0.079 dm3 (Total 3 marks)      

 

1. Moles= Concentration X Volume 

2. 34/1000= 0.034 in order to convert from cm3 to dm3 

3.  Moles= 0.034 X 2=  0.068 

1. Moles= Concentration X Volume 

2. Moles of potassium hydroxide= 0.068 

3. The molar ratio is 2:1 therefore we must divide 0.068 by 2 to get the moles for 
Sulphuric acid to get 0.034 

4. Concentration=  Moles/Volume 

5. Volume of sulphuric acid in dm3= 25/1000 

6.  Concentration of sulphuric acid= 0.034/0.025= 1.36 

   Acid  Alkali 

 Moles  0.032  0.064 mol 

 Concentration  1.36 mol/dm3  2 mol/dm3 

 Volume  0.025  0.034 dm3 

1. Moles of gas= Volume of gas (dm3)/24 dm3 

2. You must first the number of moles of gas = 9/32= 0.28 using the moles= 
mass/Mr equation 

3. Then sub it into the equation above to get= 0.28 X 24 to get 0.079 dm3 
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4– Chemical changes 

4.1- The reactivity series 

• The reactivity series is a list of metals in order of their reactivity, with the most reactive metals at the top 
and the least reactive at the bottom. 

 

• How you can determine the reactivity of a metal- 

1. Place metal in the water. 

2. Most metals do not react vigorously with water. 

3. If there is no reaction with water, test the metal with steam. 

4. If there is no reaction with steam, test the metal with HCL. 

 

 

 

• How different metals extracted from their ores- 

1. Very reactive metals are extracted by electrolysis. 

2. Less reactive metals are found naturally as a pure element. 

3. Even less reactive metals can be heated with carbon. 

4. Carbon reacts with the oxides that are bonded to these metals, leaving the metal itself. 

 

• A more reactive metal will displace a less reactive metal from an aqueous solution of its salts. 

 

• An ionic equation shows only the atoms and ions that change in a reaction. 

• Half equations can be used to show what happens to each reactant. 

 

Example of a displacement reaction  on the next page 

 

Metal Reaction with water Reaction with HCL 

Potassium   

Violent with water 

  

Explosively fast Sodium 

Lithium 

Calcium Less violent with cold water   

Bubbles, giving of hydrogen 
gas 

Magnesium   

Very slow with cold water Aluminium 

Zinc 

Iron 

Tin Reaction with steam Reaction with warm acid 

lead 

Copper   

No reaction Silver 

Gold 
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Symbol equation: Mg(s) + CuSO4(aq) → MgSO4(aq) + Cu(s) 

 

Ionic equation: Mg(s) + Cu2+(aq) → Mg2+(aq) + Cu(s) 

 

Half equation 1: Mg(s) → Mg2+ + 2e- 

 

Half equation 2: Cu2+ + 2e- → Cu  

 

• Reduction is the Gain of electrons, loss of oxygen. 

• Oxidation is the Loss of electrons, gain of oxygen. 

• A way to remember this is OILRIG: Oxidation is Loss, Reduction is Gain. 

 

4.2 Reaction of acids 

• Base- A substance which can neutralize acids. 

• Alkali- A soluble hydroxide. 

 

• Metal + Acid → Salt + Water 

             E.g. Mg+ HCl → MgCl2 + H2 

 

• Metal hydroxide + Acid → Salt + Water 

             E.g. HCl + NaOH → NaCl + H2O 

 

• Metal oxide + Acid → Salt + Water 

             E.g. MgO + HCl → MgCl2 + H2O 

 

• Metal carbonate + Acid → Salt + Water + Carbon dioxide 

            E.g. K2CO3 + HNO3 → KNO3 + H2O + CO2 

 

• REQUIRED PRACTICAL HANDBOOK- Preparation of a pure, dry sample of a soluble salt from an insoluble 
oxide or carbonate. 

 

• pH scale using universal indicator- 

 Ranges from 1-14. 

2. 1 is very acidic (Red). 

3. 7 is neutral (Green). 

4. 14 is very alkali (Purple. 

 

• H+ ions make something acidic. 

• OH- ion is responsible for making something alkaline. 
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How H+ concentration changes with pH- 

• As pH decreases by one unit, hydrogen ion concentration of the solution increases by a factor of 10. 

 

Strong acids- 

• Completely ionizes in aqueous solution. 

• E.g. Sulfuric acid. 

 

Weak Acids- 

• Partially ionizes in aqueous solution. 

• E.g. ethanoic acid. 

 

4.3 Electrolysis- 

• Electrolysis- The breaking down of a substance using electricity. 

• The electrolyte (what's being broken down) needs to be molten, so the ions are free to move and carry the 
charge. 

 

How electrolysis works- 

1. Anode (positive electrode) attracts negative ion. 

2. Cathode (negative electrode) attracts positive ions. 

3. Halogens form before all other elements at the positive electrode. 

4. So, the order of discharge at the anode is halide ion > hydroxide > all other negatively charged ions. 

5. The least reactive element forms at the negative electrode. 

 

Electrolysis of Aluminum- 

1.         At the cathode: 

• Al3+ + 3e- → Al 

2.         At the anode: 

• 2O2-  → O2 + 4e- 

 

Why carbon anodes have to be replaced- 

• Oxygen reacts with the carbon anodes to form carbon dioxide. 

• C + O2  → CO2 

Why a molten cryolite is used- 

• A molten cryolite is used as a catalyst in order to reduce the amount of energy inputed into the reaction. 

Why electrolysis of aluminum is so expensive- 

• High cost of electricity. 

• Replacement of carbon anodes which burn away. 

• REQUIRED PRACTICAL HANDBOOK- Investigating what happens when an aqueous solution is electrolyzed 
using inert electrodes. 
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5 Energy changes 

5.1 Exothermic and endothermic reactions 

• Bond energy- The energy needed to break the bonds between atoms. 

 

Exothermic: 

• Energy is released from the reaction. 

• More energy Is released when making the bonds than taken in when breaking the bonds. 

• Hand warmers use exothermic reactions. 

 

Endothermic: 

• Energy is taken in from the reaction. 

• Less energy is released when making the bonds than taken in when breaking the bonds. 

• Cold packs use endothermic reactions. 

 

• REQUIRED PRACTICAL HANDBOOK- Investigate the variables that affect temperature changes in reacting 
solutions. 

 

• Activation energy- The minimum amount of energy required to start the reaction. 

 

5.2 Chemical cells and fuel cells 

How batteries work: 

1.        Contain chemicals which react to produce electricity. 

2. The voltage is set by the reactivity of the chemicals. 

3. For example, if the two chemicals used have very different reactivity's the voltage will be greater. 

 

How can batteries be recharged: 

• The reaction must be a reversible. 

• The chemical reactions are reversed when a current is supplied. 

 

What happens in a hydrogen fuel cell: 

• 2H2 + 4OH- → 4H2O + 4e- 

• O2 + 2H20 + 4e- → 4OH- 

 

Advantages of hydrogen fuel cells: 

• Do not need to be electrically recharged. 

• No atmospheric pollutants. 

• Can be a range of sizes. 
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Disadvantages of hydrogen fuel cells: 

• Hydrogen is highly flammable. 

• Hard to store a gas. 

• The hydrogen used is sometimes produced for the cell by non- renewable sources. 

 

 

Break Your Boundaries©
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6. Rates and equilibrium 

6.1 Rate of reaction 

How you can calculate rate of reaction- 

• How fast the reactants are used up. 

• How fast the products of the reaction are made. 

• Mean rate of reaction= Quantity of reactants used up 

                                                                      Time taken 

 

Effect of high temperature on the rate of reaction- 

• Particles have more kinetic energy. 

• This results in more frequent collisions. 

• These collisions are harder and more successful. 

• Increasing the rate of reaction. 

 

Effect of increasing concentration on the rate of reaction- 

• There are more particles in the same volume of solution. 

• Collisions occur more frequently. 

• Increasing the rate of reaction. 

 

Effect of increasing surface area on the rate of reaction- 

• Collisions occur more frequently. 

• Increasing the rate of reaction. 

 

Effect of increasing pressure of reacting gases on the rate of reaction- 

• Collisions occur more frequently. 

• Increasing the rate of reaction 

 

• REQUIRED PRACTICAL HANDBOOK- Investigate how changes in concentration affect the rates of reactions 

 

• An increasing proportion of particles exceeding the activation energy has a greater effect on rate than the 
increased frequency of collisions. 

 

Catalyst- 

• A substance which speeds up the rate of reaction without being used up. 

• Offers an alternate reaction pathway with lower activation energy. 
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6.2 Reversible reactions and equilibrium 

 

Reversible reactions- 

• Reactions where the products can react together to produce the reactants again. 

• A+B ⇌ C+D 

 

Dynamic equilibrium- 

• Forward and reverse reactions take place at the same time. 

• Concentrations of products and reactants stay the same. 

 

Le Chateliers principle- 

• When a change is made to a system in equilibrium, the position of equilibrium moves to counteract the 
change that was made. 

 

Alternating conditions with pressure and equilibrium- 

 

• If the forward reaction produces more molecules of gas, an increase in pressure decreases the amount of 
products formed. 

 

• If the forward reaction produces more molecules of gas, a decrease in pressure increases the amount of 
products formed. 

 

• If the forward reaction produces fewer molecules of gas an increase in pressure increases the amount of 
products formed 

 

• If the forward reaction produces fewer molecules of gas a decrease in pressure decreases the amount of 
products formed. 

 

Alternating conditions with temperature- 

 

• If the forward reaction is exothermic, an increase in temperature decreases the amount of products formed. 

 

• If the forward reaction is exothermic, a decrease in temperature increases the amount of products formed. 

 

• If the forward reaction is endothermic, an increase in temperature increases the amount of products formed. 

 

• If the forward reaction is endothermic, a decrease in temperature decreases the amount of products formed. 
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7.1 Organic Chemistry- 

7.1 Hydrocarbons and fuels 

 

Hydrocarbon- A compound which contains hydrogen and carbon atoms only. 

 

Volatility- The tendency to turn into a gas. 

Viscosity- How easily it flows. 

Flammability- How easily it burns. 

 

Fractions- 

• Contain hydrocarbons with a similar number of carbon atoms. 

• They have similar boiling points. 

 

How crude oil is separated into its fractions- 

• Crude oil is heated to very high temperatures. 

• This causes it to boil and subsequently evaporate into a gas. 

• This is fed into a fractional distillation column. 

• The column is hotter at the bottom and cooler at the top. 

• The hydrocarbon vapors now rise up the column.  

• They condense when they reach their boiling point. 

• These fractions are removed. 

 

Very long chains hydrocarbons have high boiling points. They are removed from the bottom. Very short chain hy-
drocarbons have very low boiling points, these do not condense. They are removed from the top. 

 

Homologous series- 

• A family of compounds with the same functional group. 

• An example is an alkane. 

 

7.2 Alkanes- 

 

 

 

 

 

 

Drawn Example on the Next Page 

 

 

Number of carbons Alkane name 

1 Methane 

2 Ethane 

3 Propane 

4 Butane 
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Methane- 

 

Alkane general formula- CnH2n+2 

 

Complete combustion- 

• Enough oxygen. 

• Produces carbon dioxide and water. 

 

Incomplete combustion- 

• Insufficient oxygen. 

• Produces carbon monoxide and water. 

 

Harms of carbon monoxide- 

• Carbon monoxide is toxic. 

• Combines with hemoglobin in red blood cells. 

• Less oxygen carried. 

 

Cracking- 

• Cracking breaks down long alkane chains into smaller, more useful chains of alkanes and alkenes. 

• It is an example of thermal decomposition. 

 

Conditions for catalytic cracking- 

• Hydrocarbon mixed with Aluminum oxide catalyst. 

• Temperature of 500 c°. 

 

Conditions for steam cracking- 

• Hydrocarbon mixed with steam. 

• Heated to high temperature. 

 

Saturated- 

• All carbon bonds are single. 

 

Unsaturated- 

• Contains double bonds. 
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Test for Alkenes (unsaturated hydrocarbon)- 

• Mixing orange bromine water with the substance. 

• Bromine water turns colorless if present. 

 

7.3 Alkenes- 

 

 

 

• Alkene general formula- CnH2n  

 

Addition reaction- 

Addition of H20, H or a halogen to the alkene. 

The double bond will break to become a single bond. 

The alkene has gone from an unsaturated to a saturated compound. 

 

7.4 Alcohols- 

 

 

 

 

 

 

Example of a reaction producing ethanol- 

• Ethene + Steam → Ethanol 

 

Functional group of alcohols- 

• -OH 

 

Combustion of alcohol- 

• Ethanol + Oxygen  Carbon dioxide + water 

 

How is ethanol made- 

• Ethanol is made using fermentation with yeast. 

Number of carbons Alkene Name 

1 None 

2 Ethene 

3 Propene 

4 Butene 

5 Pentane 

Number of carbons Alkene Name 

1 Methanol 

2 Ethanol 

3 Propanol 
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7.5 Carboxylic acids- 

 

 

 

Functional group of carboxylic acids- 

• -COOH 

 

• Carboxylic acids are weak acids as they do not fully ionize in aqueous solutions. 

 

7.6 Esters- 

Functional group of esters- 

• -COO- 

 

Example of reaction producing an ester- 

• Ethanoic acid + Ethanol Ethyl → ethanoate + Water 

 

• Sulfuric acid is the catalyzed usually used for this reaction. 

 

7.7 Polymers- 

Monomer- 

• A small molecule that joins together to form a polymer. 

 

Polymer- 

• A large molecule formed from many small molecules. 

 

Addition polymerization- 

1. The joining up of many small monomers to form a polymer. 

2. Is made due to addition reactions of alkenes. 

3. Which add on to each other. 

4. To make carbon compounds with very long chains. 

 

• An example of addition polymerization is ethene monomers which join together to from poly(ethene). 

 

Condensation polymerization 

• A small molecule is released in the reaction. 

Number of carbons Alkene Name 

1 Methanoic acid 

2 Ethanoic acid 

3 Propanoic acid 
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• E.g. Water 

 

General equation for the formation of a polyester- 

• Diol + Dicarboxylic acid → Polyester + Water 

 

Making amino acids using glycine- 

 

 

How polypeptides are made- 

• Condensation polymerization occurs between the two amine aids.  

 

7.8- DNA 

Naturally occurring polymers- 

• DNA is a naturally occurring polymer. 

• They are made up of protein, starch and cellulose. 

 

Structure of nucleotides- 

• Sugar, phosphate, base (G, A, T, C). 

• All combine together to form polymer strands . 

• To form DNA. 

 

Structure of DNA- 

• Consists of 2 polymer strands. 

• Wound into a double helix. 

 

 

Break Your Boundaries©
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8. Chemical analysis 

8.1- Pure substances, Formulations and chromatography 

Pure Substances- 

• A substance just made out of one element or one compound. 

• They boil and melt at fixed boiling points. 

 

Formulations- A useful mixture. 

 

Example of a formulation is washing liquid which is made up of- 

• Water (to add volume). 

• Coloring (to look nice). 

• Surfactant (the liquid that does the cleaning. 

• Rinse agent (to allow it to easily come off when mixed with water). 

• Fragrance (to make it smell nice). 

 

REQUIRED PRACTICAL HANDBOOK- Investigate how paper chromatography can be used to separate substances. 

 

• Rf = Distance moved by substance 

                      Distance moved by solvent 

 

8.2 Identifying gas’s 

All for positive results- 

Hydrogen test- 

• A light splint burns. 

• With a squeaky pop. 

 

Carbon dioxide test- 

• Limewater turns cloudy. 

 

Oxygen test- 

• Glowing split. 

• Relights. 

 

Chlorine test- 

• Blue litmus paper. 

• Bleaches. 
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8.3 Identifying ions 

 

Carrying out flame tests- 

• Dip nichrome wire. 

• In hydrochloric acid. 

• Dip In sample. 

• Hold in roaring Blue Bunsen Flame. 

 

Results for ions- 

 

 

 

 

 

 

 

 

Precipitation reactions- 

• When sodium hydroxide is added. 

 

Results for ions- 

 

 

Detecting carbonates- 

• Limewater added to solution. 

• Results in limewater going cloudy. 

 

Detecting halides- 

• When dilute nitric acid is added. 

• And silver nitrate. 

 

The results are on the next page 

Ion Precipitate colour 

Copper hydroxide (Cu2+) Light blue 

Iron (II) hydroxide (Fe2+) Green 

Iron (III) hydroxide (Fe3+) Brown 

Aluminum hydroxide (Al3+) White 

Magnesium hydroxide (Mg2+) White 

Calcium hydroxide (Ca2+) White 

Ion Precipitate colour 

Copper hydroxide (Cu2+) Light blue 

Iron (II) hydroxide (Fe2+) Green 

Iron (III) hydroxide (Fe3+) Brown 

Aluminum hydroxide (Al3+) White 

Magnesium hydroxide (Mg2+) White 

Calcium hydroxide (Ca2+) White 
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Halide Precipitate colour 

Silver chloride White 

Silver bromide Cream 

Silver iodide Yellow 

 

 

 

 

 

 

Detecting sulfates- 

• HCl added to solution. 

• Barium chloride added to solution. 

• This is the result- 

 

 

 

 

• Flame emission spectroscopy- Analyzing metal ions in solution. 

 

How it works- 

1. Sample should be heated. 

2. Energy provided by flame excites elections to higher energy levels. 

3. When they fall back to their starting energy level 

4. Energy is released as light. 

5. This light is passed through a spectroscope. 

6. Resulting in a line spectrum that can be analyzed 

7. To identify metal ions. 

 

Advantages of using instrumental methods- 

• Very sensitive. 

• Fast. 

• Accurate. 

• Less waste as only small samples needed. 

 

Disadvantages of using instrumental methods-  

• Requires training. 

• Expensive. 

 

 

Break Your Boundaries©
  

Halide Precipitate colour 

Silver chloride White 

Silver bromide Cream 

Silver iodide Yellow 

Sulfate Precipitate colour 

Barium sulfate White 
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9. The earth’s atmosphere 

9.1 Composition and evolution of the atmosphere 

 

Composition of gas in the Earth’s atmosphere- 

• Oxygen – 21% 

• Nitrogen- 78% 

• Argon- 0.9% 

• Carbon dioxide- 0.04% 

• Traces of other gases- 0.06% 

 

How the Earth’s surface and atmosphere changed to form todays atmosphere- 

1. Carbon dioxide concentration decreased → 

2. Due to plants taking in carbon dioxide for photosynthesis. 

3. Due to oceans being formed and carbon dioxide dissolving in the water. 

4. Due to carbon dioxide becoming locked up in sedimentary rocks. 

5. Oxygen concentration increased → 

6. Due to plants photosynthesizing. 

7. Water vapour concentration decreased → 

8. Due to water vapour condensing forming oceans. 

9. Nitrogen concentration increased → 

10. Due to Volcanoes releasing nitrogen. 

 

How fossil fuels are formed- 

1. Remains of plankton. 

2. That died millions of years ago. 

3. Compressed over millions of years. 

4. At high temperatures and pressure. 

5. To form fuels that can be extracted. 

 

9.2 Greenhouse gases 

Greenhouse gases- 

• Gases that absorb energy radiated from its surface. 

• Can contribute to climate change. 

• E.g. carbon dioxide, water vapour and methane. 

 

Greenhouse effect- 

1. The Earth is heated up by the sun’s rays. 

2. Around 30% of these rays are reflected back into space. 
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3. However, the atmosphere lets short-wavelength electromagnetic radiation to pass through. 

4. However, the atmosphere lets short-wavelength electromagnetic radiation to pass through. 

5. This heats up the Earth’s surface. 

6. The surface of the Earth cools down by emitting longer wavelength infrared. 

7. Some of this gets absorbed by the atmosphere. 

8. Causing the temperature of the atmosphere to increase. 

The higher the proportion of greenhouse gases in the air, the more energy is absorbed. 

 

Effects of greenhouse gases- 

• Destruction of habitats. 

• Global warming. 

• Polar ice caps. 

• Extreme weather. 

 

Pollution caused by burning fuels- 

• Carbon dioxide- Contributes to global warming. 

• Carbon monoxide- Poisonous gas. 

• Nitrogen oxides- Contributes to global warming. 

• Sulfur dioxide- Causes acid rain. 

 

What effects does acid rain have on the environment- 

• Destroys habitats. 

• Makes lakes very acidic. 
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10 Using resources- 

10.1 Using the Earth’s resources- 

 

Finite resources- 

• Metal ores- Extract the metal it contains. 

• Crude oil- To make petrol as well as other forms of fuel. 

• Limestone- To make cement and concrete. 

 

Renewable resources- 

• Wood. 

• Sugar cane. 

• Sewage. 

 

10.2 Water- 

Potable water 

• Water that contains dissolved mineral ions. 

• Water that is safe for humans to drink. 

 

Pure water- 

• Contains H20 molecules only. 

• Water that is safe for humans to drink. 

 

Steps in freshwater treatment- 

1. Water is passed through a special filter made of fine sand and gravel removing mud and grit. 

2. Water is passed through a screen made of metal bars to catch large objects such as twigs. 

3. Water is passed through a settlement tank to allow the sand and soil to settle out. 

4. Water is passed through another tank where aluminum sulfate and lime are added to the water so small par-
ticles of dirt clump together and sink to the bottom. 

5. Water is passed through a filter of sand and gravel removing mud grit. 

6. Chlorine is added to the water to kill bacteria. 

7. pH is checked and corrected so that it is neutral. 

8. It Is then ready to be pumped to people’s homes, offices and schools. 

 

Desalination- Removing salt from water. 

 

Process of distillation in removing salt from sea water- 

1. Sea water is heated till it boils and evaporates. 

2. Salt remains in the liquid. 

3. The steam is then cooled and condensed. 
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4.        To form potable water. 

 

Process of reverse osmosis in removing salt from sea water- 

• Membranes are used to separate salts from sea water. 

• Pressure is needed. 

 

Distillation Vs reverse osmosis 

• Distillation uses lots of energy. 

• Reverse osmosis does not use as much energy as no heating is required, however high pressure is required. 

• Distillation is expensive. 

• Reverse osmosis is also expensive as saltwater corrodes the pumps, which are expensive to replace. 

 

REQUIRED PRACTICAL HANDBOOK- Analysis and purification of water samples from different sources. 

 

Why wastewater needs to be treated- 

1. To remove harmful microorganisms (Chlorine or UV light is used). 

2. To remove organic matter (Screening). 

3. To remove chemicals. 

 

Process of sewage treatment- 

• Screening- Through metal bars to remove large solids. 

• Primary treatment- Solid sediments settle out to produce a sewage sludge. 

• Secondary treatment- Bacteria are added to feed on the sewage to remove organic matter. 

• Final treatment- Useful bacteria allowed to settle out as sediment. 

 

10.3- Extraction of copper 

Methods of extracting copper- 

• Sulfuric acid is added to produce copper sulfate solution. 

• Smelting copper. 

 

Bioleaching- 

• Bacteria feed on copper. 

• Scrap iron and electrolysis are used to purify the copper. 

 

Phytomining- 

• Plants are grown on soil containing low grade copper ore. 

• The plants are then burnt. 

• Copper is extracted from copper compounds in the ash. 
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10.4- Life cycle assessment (LCA) 

 

• LCA- Is used to assess the impact on the environment caused by products, processes or services. 

 

LCA stages- 

1. Raw material extraction. 

2. Manufacture. 

3. Use/reuse/maintenance. 

4. Recycle/ waste management. 

 

How to carry out an LCA- 

1. List the inputs and outputs in terms of raw materials, energy used and environmental impact. 

2. Assign a numerical rating between 1-10. 

3. Compare results and evaluate. 

 

10.5- Reducing our environmental impact 

 

Recycling- 

• Metals can be recycled by melting and reforming products. 

• E.g. iron, aluminum and copper are all metals that can be recycled. 

 

Benefits of recycling- 

• Reduces pollution caused by extracting materials. 

• Reduces use of limited resources. 

• Saves energy. 

 

Reuse of materials- 

• E.g. Aluminum cans can be reused again as aluminum cans when returned to the producer. 

 

Reduction of materials used- 

• E.g. Scrap steel can be added to iron from a blast furnace to reduce the amount of iron that is extracted 
from iron ore, as there is less demand for it. 

 

10.6 Rusting 

Corrosion- 

• Destruction of material. 

• By chemical reactions. 
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• Rusting- The corrosion of iron. 

 

Conditions needed for corrosion- 

• Water. 

• Oxygen. 

 

How rusting can be prevented- 

• Paint. 

• Grease. 

• Sacrificial protection (Galvanizing). 

 

• Galvanizing is using zinc to protect iron from rusting as the zinc. 

 

10.7 Alloys- 

• Alloys-  are mixtures of 2 or more metals. 

 

Types of alloys- 

• Bronze- alloy of copper and tin- used to make coins. 

• Brass- Alloy of copper and zinc- plumbing and electrical components. 
 

Why alloys are harder than pure metals- 

• Ions are different sizes. 

• So, the layers are very hard to distort. 

• As the layers can’t slide over each other. 

 

10.8 Glass, ceramics and composites 

How is standard glass made- 

• Sand. 

• Limestone. 

• Sodium Carbonate. 

• Are heated to 1500. 

 

How is borosilicate glass made- 

• Sand.  

• Boron trioxide. 

• Are heated. 

• The glass made has a higher melting point than normal glass. 
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Composites-  

• Made from 2 materials which give good properties. 

• E.g plywood. 

 

10.9 Polymers-  

How is LD poly(ethene) made- 

• Traces of oxygen. 

• High pressure. 

 

Properties and structure of LD poly(ethene)- 

• Polymer chains branched. 

• Are spaced apart. 

• Lower density. 

 

How is HD poly(ethene) made-  

• Catalyst. 

• Slightly raised pressure. 

• 50C. 

 

Properties and structure of HD poly(ethene) 

• Straighter polymer chains. 

• Packed closely together. 

• High Density. 

 

Thermosoftening polymers- 

• Will soften easily when heated. 

• Due to chains with weak covalent. 

• With weak intermolecular forces. 

• That can be easily broken with low amounts of energy. 

• When heated. 

• They are made of individual polymer chains that are tangled together. 

 

Thermosetting polymers- 

• Will not melt when heated. 

• Due to chains with strong covalent bonds. 

• With weak intermolecular forces. 

• That cannot be broken.  
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• When heated. 

• They are made of polymer chains that form cross links between each other. 

 

10.10 The Haber process 

The Haber process- 

1. Hydrogen gas and nitrogen gas are pumped in. 

2. The nitrogen and hydrogen mixture is compressed at 200 atm. 

3. And heated to 450 C. 

4. And mixed with iron catalyst. 

5. The mixture of gases is then cooled. 

6. Ammonia condenses to a liquid and is stored. 

7. Unreacted nitrogen and hydrogen are returned to the reaction vessel. 

 

Haber process equation- 

• 3H2 + N2 → 2NH 

 

Where the raw materials used in the Haber process come from- 

• Nitrogen- Comes from air. 

• Hydrogen- Comes from natural gas. 

 

• Ammonia can be used to make fertilizers. 

 

10.11 Fertilizers- 

Fertilizers made out of ammonia- 

• Ammonium nitrate. 

• Ammonium sulfate. 

• Ammonium phosphate. 

 

NPK fertilizers- 

• N– Ammonia (Haber process). 

• P- Phosphate (Rocks). 

• K- Potassium (Salts). 

 

How is NPK made- 

• Ammonia is added to nitric acid to make ammonia nitrate. 

• Phosphate rock can be treated with acids to make salts. 

• Potassium salts can be separated from its impurities 
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