
  

 

 

 

  

Name of 
Scientist and 
Year 

Picture and Name of Model Key Discoveries/Theory 

 
 
John Dalton 
(1803) 

 

 
Idea that atoms were solid 
spheres that could not be 
divided any further 

 
 
JJ Thomson 
(1897) 

 

Sphere of positive charge with 
negative electrons scattered 
within it. 
Disproves idea of Dalton’s 
model of atoms being 
indivisible  

 
 
Ernest 
Rutherford 
(1909) 

 
Rutherford’s Nuclear Model 

 
 
Tiny positive nucleus at the 
centre with negative electrons 
orbiting around it 

 
 
Neils Bohr 
(1911) 

 
Bohr’s Nuclear Model 

 
Tiny positive nucleus with 
negative electrons orbiting in 
shells (energy levels) around 
the nucleus 

 
 
James 
Chadwick 
(1932) 

 

 
 
Discovered the neutron. 
Explains isotopes 

C1 and C3 – Atomic Structure 

Atomic Structure Key Points 

• Positive protons and neutral neutrons are found in a tiny nucleus in 
the centre with negative electrons orbiting in shells (energy levels 
around the nucleus 

• Electrons have a very small mass compared to protons and 
neutrons 

• Atoms have no overall charge as they have the same number of 
positive protons and negative electrons 

• Size of atoms is approximately 0.1nm (1 x 10-10m) 
• Nucleus is 10,000 times smaller than the atom 

Atomic Number and Mass Number 

• Atomic number is the number of protons 
• Mass number is the number of protons and neutrons 

 
 

• Number of protons = atomic number e.g. 11 
• Number of electrons = atomic number e.g. 11 
• Number of neutrons = mass number – atomic number e.g.12 

Isotopes 

Isotopes are atoms of the same element with the same number of 
protons but different number of neutrons 

 

Calculating Relative Atomic Mass 

Relative Atomic Mass is the average mass number of all the isotopes of an 
element found on Earth (or a sample) 

Example 

Calculate the relative atomic mass of a sample of Titanium that contains 
20% Titanium-46, 20% titanium-47 and 60% Titanium-48  

Step 1 – Multiply mass numbers by percentages  
Titanium-46 à 46 x 20 = 920 
Titanium-47 à 47 x 20 = 940 
Titanium-48 à 48 x 60 = 2880 
 
Step 2 – Add all answers together 
920 + 940 + 2880 = 4740 
 
Step 3 – Divide by 100 
4740 ÷ 100 = 47.4 

Relative Formula Mass (Mr) 

The relative formula mass (Mr) is the sum of all the relative atomic masses 
(Ar) of the atoms in the formula.  

Example – H2SO4 

Hydrogen à 2 x 1 = 2 
Sulfur à 1 x 32 = 32 
Oxygen à 4 x 16 = 64 
Total Mr = 98 
 
Example – Ca(NO3)2 

Calcium à 1 x 40 = 40 
Nitrogen à 2 x 14 = 28 
Oxygen à 6 x 16 = 96 
Total Mr = 164 
 

Calculating Percentage by Mass 
 
Example – Calculate the percentage by mass of potassium (K) in K2O 
Step 1 – Work out the total Mr first 
Potassium à 2 x 39 = 78 
Oxygen à 1 x 16 = 16 
Total Mr = 94 
 
Step 2 – Work out the percentage of potassium out of the total 
(78/94) x 100 = 83% 
 



  

 

C1 – Periodic Table 

Groups and Periods 

The modern periodic table is arranged by atomic (proton) number. 

A group is a column on the periodic table and tells you the number of 
electrons in the outer shell of the atom. Elements in the same group will 
have the same number of electrons in the outer and also will have similar 
physical and chemical peroperties 

A period is a row on the periodic table and tell you the number of 
electron shell in the atom 

For example, chlorine on the 
right has 7 electrons in the outer 
shell, so has 7 electrons in the 
outer shell. It also has 3 electron 
shells, so it is period 3 

Groups 0 – Noble Gases 

Group 0 elements are found on the right hand of the periodic table and either have 2 or 8 
electrons in the outer shell. 

Properties 
• They are all gases with very low boiling points 
• They are unreactive – full outer shell, so do not need to gain or lose electrons 
• They are colourless gases 
 

 

 

 

Trends 
• Boiling point increases down the group (bigger atom, so stronger intermolecular forces) 
• Density increases down the group 

 Group 7 – Halogens 

Group 7 elements have 7 electrons in the outer shell, so will react to 
gain one electron to have a full outer shell. 

Properties 
• Coloured gases 
• Poisonous and smelly 
• Very reactive 
• For -1 ions 
 
Trends 
• Boiling point increases down the group (bigger atom, so stronger 

intermolecular forces) 
• Colour gets darker down group (chlorine – pale yellow gas, 

bromine – red liquid, iodine – grey solid) 
• Gets less reactive down the group – more shells, bigger distance 

between positive nucleus and incoming electron, so weaker 
attraction and harder to gain electron 

 

Development of the Periodic Table 
 
Newlands and Mendeleev both arranged the elements by atomic weight. No 
protons discovered at the time, so could not be in order of atomic number. 
 
Newland’s realised that every 8th element had similar properties, and 
therefore his theory was called Law of Octaves. However, he ended up 
putting elements such as oxygen and iron together when they do not have 
similar properties. Therefore. His periodic table was accepted. 
 
Mendeleev also arranged the elements by atomic weight, but did 3 things 
different that allowed his ideas to become accepted 
 
• Left gaps for undiscovered elements, and later these elements got 

discovered and fit into these gaps 
• Mendeleev predicted the properties of these future elements, and he 

was correct in terms of his predictions 
• Mendeleev switch some elements around (like Iodine and Tellurium) so 

they fit into groups with similar properties 

Group 1 Alkali Metals  

Group 1 elements are found on the left hand side of the periodic table and all have 1 
electron in the outer to shell. This means they all react to lose 1 electron to have a full 
outer shell 

Properties 
• Soft – can be cut with a knife 
• Low density – floats on water 
• Low melting points for metals 
• Dull – reacts with oxygen in the air 
• Very reactive  
 

 
 
Trends 
• Melting point decreases down the group (bigger atom, so stronger intermolecular 

forces) 
• Gets more reactive down the group - more shells, bigger distance between positive 

nucleus and outer electron, so weaker attraction and easier to lose outer electron 
 
Reactions with Water 
They are called alkali metals as they all react with water to produce a metal hydroxide, 
which is an alkali. They all also fizz within the water (hydrogen released), move around 
the surface of the water and turn into a molten ball. Potassium will also set alight into a 
lilac flame 



  

             

 

C2 – Ionic and Covalent 

Atoms and Ions 
Atoms have no overall charge as they have the same number 
of positive protons and negative electrons. 

Ions are atoms that have gained electrons (negative ion) or lost 
electrons (positive ion). 

Metals lose electrons to become positive ions and have a full 
outer shell. 

 

Non-metals gain electrons to become negative ions and have a 
full outer shell. 

 

Properties of Ionic Compounds 
Ionic compounds have high melting points because…. 

• They are giant lattices. 
• Have strong electrostatic forces of attraction between 

oppositely charged ions. 
• They need lots of energy to break forces. 

Ionic compounds do not conduct electricity when solid as the 
ions are fixed and cannot move. 

Ionic compounds do conduct electricity when molten or 
dissolved in water as the ions can now move and carry charge 
through whole structure. 

 

Ionic Bonding 
In an ionic bond, the metal atom(s) lose electrons to become a positive ion. The non-
metal atom(s) gain electrons to become a negative ion. 

An ionic bond is a strong electrostatic attraction between the oppositely charged ions. 

Example – Sodium Chloride (NaCl) 

 

• One sodium atom loses 1 electron to form a Na+ ion. 
• One chlorine atom gains 1 electron to form a Cl- ion. 

Example – Magnesium Oxide (MgO) 

 

• One magnesium atom loses 2 electrons to become a Mg2+ ion. 
• One oxygen atom gains 2 electrons to become a O2- ion. 

Example – Calcium Fluoride (CaF2) 

 

• One calcium atom loses 2 electrons to become a Ca2+ ion. 
• Two fluoride atoms gain 1 electron each to form F- ions. 

Example – Sodium Oxide (Na2O) 

 

• Two sodium atoms lose 1 electron each to become a Na+ ion. 
• One oxygen atom gains 2 electrons to become a O2- ion. 

 

Properties of Simple Covalent Substances 
Simple covalent substances have low melting points because….. 

• They are small molecules. 
• With weak intermolecular forces. 
• They need little energy to break forces. 

 

Simple covalent substances do not conduct electricity as they do not have any 
charges that can move and carry charge through the whole structure. 



  

       

      

C2 – Giant Covalent, Metallic and Polymers 

Giant Covalent Substances 
These are macromolecules made of a giant lattice 
composed of lots of strong covalent bonds (non-metal 
atoms that share pairs of electrons) 

Examples include allotropes (same element but different 
3D structures) of carbon, such as diamond, graphite, 
graphene, and fullerenes. 

Silicon dioxide, also known as silica, (SiO2) is also a giant 
covalent substance, which has a similar structure to 
diamond, and therefore similar properties. 

 

 

Diamond and Graphite 
Both diamond and graphite are made of carbon elements.  

They have different structures due to the conditions in which there were formed. 

Due to their different structures, they have some different properties. 

 Diamond Graphite 
Picture 

  
Structure Each C atom is connected 4 other 

carbon atoms in a large tetrahedral 
structure 

Each C atom is connected to 3 other 
carbon atoms in layers of hexagonal 
rings. This leaves an electron per 
carbon atom that is delocalised. 

Melting Point Very high, as it is a giant molecule 
with lots of strong covalent bonds, 
that require a lot of energy to break. 

Very high, as it is a giant molecule 
with lots of strong covalent bonds, 
that require a lot of energy to break. 

Hardness Tetrahedral structure with no 
layers, so atoms cannot slide over 
each other. 

Layers of hexagonal rings. Weak 
intermolecular forces between 
layers, so layers can slide over each 
other 

Electrical 
Conductivity 

No delocalised electrons to move 
and carry charge through whole 
structure 

Delocalised electrons move in the 
between the layers and carry charge 
through whole structure. 

 

 

Graphene 

 

Graphene is a single layer of graphite. 

Used in electronics – has delocalised electrons to move and carry charge 
through whole structure. It is also transparent and very lightweight. 

Used in composites - (made of 2 different materials) as it is lightweight 
and can add a lot of strength without adding to the weight of the material. 

 

Fullerenes 
• Can be in the shape of a hollow sphere or a hollow (nano)tube. 
• First fullerene discovered was C60 called buckminsterfullerene. 
• The spherical structure is usually made of hexagonal rings but can be pentagons/heptagons. 

Uses of Spherical Fullerenes 

• Catalysts – large surface area (hollow), and therefore less catalyst needed for same effect.  
• Deliver Drugs in Body – drug trapped inside the hollow structure, so it has fewer side effects on 

the other cells of the body. 
• Lubricant – can roll due to its shape to reduce friction. 

Uses of Nanotubes 

• Conducts heat and electricity. 
• They have high length to diameter ratio (very long compared to thickness 

Tennis Rackets/Golf Clubs – have a very high tensile strength (doesn’t break easily when stretched) 
without adding much weight.  

Electronics – has delocalised electrons. 

 

 

Metals 

 

Metals are giant lattices with layers of positive metal atoms surrounded by 
a sea of delocalised electrons. 

The delocalised electrons are the electrons on the outer shell. 

High melting point 

• Giant lattices 
• With strong electronstatic forces of attraction between positive metal 

ions and delocalised electrons. This is a metallic bond. 
• Lots of energy requried to break forces. 

Conducts Electricity 

• Delocalised electrons 
• That move and carry charge through whole structure 

Conducts Heat 

• Delocalised electrons 
• That move and transfer thermal energy 

Malleable 

• Atoms are the same size, in layers. 
• Atoms can slide over each other. 

Alloys 

• Alloys are mixtures of 2 or more metals. 
• As a result, there are atoms of different sizes. 
• This distorts the layered structure. 
• Atoms cannot sldie over each other. 

 

 

Polymers 
Polymers are long chains of monomers (small units) 
joined together in a polymerisation reaction (kind of like 
a chain of paper clips joined together). 

The backbone of the chain is joined together by strong 
covalent bonds. 

There are intermolecular forces between the chains. AS 
the chains are long, the intermolecular forces are strong, 
and therefore require lots of energy to break. So, 
polymers are solids with generally high melting points, 
but lower than ionic compounds and giant covalent 
substances. 

Writing and Naming Polymers 

 



  

 

 

 

  

 

 

C3 – Quantitative Chemistry  
Conservation of Mass 
 
This is the idea that the total mass of reactants before a reaction is 
equal to the total mass of products after the reaction. The atoms 
simply rearrange themselves to form new chemicals. 
 
Example 1 
2Cu   +   O2   à  CuO 
15g                +          x         à       23g 
 
In the case above, the total mass of the products after the reaction is 23g. So, 
the mass of oxygen is 23-15= 8g. 
 
Example 2 
TiCl4       +  2Mg    à Ti +  2MgCl2 
40kg       +     20kg              x          +            33kg 
 
In the case above, the total mass of the reactants before the reaction is 60kg. 
So, the mass of Ti is 60-33 = 27kg 
 
Apparent Changes in Mass 
 

 
In oxidation reactions as shown above, the oxygen is a gaseous reactant that 
comes in from the air. The mass of oxygen is not measured, and so the mass 
of reaction appears to increase. 
 

 
 
In thermal decomposition reactions as show above, carbon dioxide is a 
gaseous product which escapes into the air. The mass of carbon dioxide is 
not measured, and so the mass of the reaction appears to increase. 

Concentration 
 
Concentration is the amount of mass dissolved in a certain volume of liquid 
(usually water). It can be calculated using the equation and triangle below. 
 

     
 
One thing to note here is that the volume has to be in dm3 but is usually 
given in cm3. To convert cm3  into dm3, divide by 1000. 

Avogadro’s Constant and Moles (HT only) 
 
A mole of any substance contains the same number of particles (Avogadro’s 
Constant) and is linked by the equation below. 
 
Number of particles = moles x Avogadro’s constant 
 
Avogadro’s constant is 6.022 x 1023 
 
 
 
 
This means that 1 mole of substances will have the same number of 
particles but different masses in grams. The mass of one mole of any 
substance is the Mr in grams. 
 
Examples 
1 mole of H2O is 18g. 
1 mole of Cu is 63.5g. 
1 mole of Mg is 24g. 
 

Reacting Masses Examples (HT only) 
 

 

Limiting Reactants (HT only) 
 
In any reaction, there is usually one reactant that is limiting (less moles) and 
one in excess (more moles). In your exam, you maybe asked to work out the 
limiting reactant (as well as use the the limiting reactant to work out 
reacting masses. 
Use the example below to work out the limiting reactant. 

 

Balancing Equations Using Moles (HT only) 
 

 



  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C4 – Acids, Bases and Neutralisation 



  

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Endothermic Exothermic 
Temperature increase or 
Temperature decrease? 

Temperature decrease Temperature increase 

Heat energy released to or 
absorbed from surroundings? 

Heat energy absorbed from 
surroundings 

Heat energy released to surroundings 

What has more energy? Reactants 
or products? 

Products Reactants 

Energy Profile Diagram 
 
 
 
 
 
 
 
 

 

 

 

 
 

Examples 
 
 
 

Sports injury packs 
Thermal decomposition 
Photosynthesis  

Neutralisation reactions 
Combustion reactions 
Respiration  

C5 – Energy Changes 



  

 

 

 

 
  
  
  
  
  
  
  
   

 

 

C6 – Rate of Reaction 

Rate of Reaction 

• Rate of Reaction is how fast a reaction is occurring. 
• Can be calculated by measuring the formation of products over 

time or how quickly reactants are used up. 
• Equations for rate of reaction are…. 

 
• Units for rate of reaction are either g/s, cm3/s or mol/s (HT only) 
• The following factors affect the rate of a reaction….. 

o Temperature 
o Concentration (for solutions) 
o Pressure (for gases) 
o Surface area 
o Catalyst  

 

 

Temperature 

• Increasing the temperature, increases the kinetic energy of the 
particles. 

• Particle move faster. 
• This increases the frequency of collisions. 
• This increases the rate of reaction. 
• However, same amount of product is made, just faster. 

 

• Increasing temperature also gives more activation energy, so more 
collisions are successful. 

Collision Theory 

• In order for a reaction to occur, particles must collide and collide 
with enough energy called activation energy. 

• Activation energy is the minimum energy needed for a reaction to 
occur. 

• Increasing temperature, increasing concentration/pressure and 
increasing the surface area all increase the frequency of collisions. 

• Increasing the temperature also gives more particles activation 
energy, so more successful collisions. 

 

Concentration/Pressure 

• Increasing the concentration, increases the number of particles in 
a given volume. 

• This increases the frequency of collisions. 
• This increases the rate of reaction. 
• Changing the concentration,  

also affects the amount of product. 

Surface Area 

• Breaking a large solid into smaller 
pieces, increases the surface area, 
so more particles exposed. 

• This increases the frequency of 
collisions. 

• This increases the rate of reaction. 
• However, same amount of product 

made, just faster. 
 
Catalyst 

• Provides an alternative route 
with a lower activation 
energy. 

• This increases the rate of 
reaction. 

• However, same amount of 
product made, just faster. 

 

Measuring Rate of Reaction When a Solid is a Product 

Na2S2O3(aq) + HCl(aq) à NaCl(aq) + S(s) + SO2(g) + H2O(l) 
 
For the reaction above, sulfur is a solid precipitate, which causes a 
change in colour. 
 
 
 
 
 
Method 
1. Measure 50cm3 of sodium thiosulphate using a measuring cylinder 

and put into a conical flask placed on a black cross. 
2. Measure 10cm3 of hydrochloric acid using a different measuring 

cylinder (prevent reaction from starting) 
3. Pour the hydrochloric acid into the conical flask and start timer. 
4. Stop the timer when the cross is no longer visible. 
5. Repeat by changing the independent variable. 
6. Mention 2 control variables (could be volumes of the solutions, 

concentration of solutions or temperature) 
 

Measuring Rate of Reaction When a Gas is a Product 

Mg(s) + HCl(aq) à MgCl2(aq) + H2(g) 
 
 
 
 
 
 
 
Method 
1. Measure 25cm3 of hydrochloric acid using a measuring cylinder and put into a 

conical flask. 
2. Measure 3cm length piece of magnesium ribbon 
3. Place the magnesium into the flask, and immediately place bung on top, and start 

timer. 
4. Measure the time taken for 20cm3 of gas to be given off or measure the volume 

of gas given off in 30s. 
5. Repeat by changing the independent variable. 
6. Mention 2 control variables (could be volumes of the solutions, concentration of 

solutions, mass of solid or temperature) 
 

Hydrogen is a gaseous product, so can be 
collected in a gas syringe. 

For other gases, such as carbon dioxide, can also 
measure the rate of mass loss using a mass 
balance. 

Rate of Reaction Graph 

 

 
Calculating Rate of Reaction from a Graph 

 

 

Calculate mean rate of reaction 
between 10s and 30s. 

• Using lines on the graph, work out 
gas given off at 10s and 20s. 

• 10s is 35cm3 and 20s is 53cm3. 
• Rate of reaction is 18cm3/20cm3, 

which is 0.9cm3/s. 

Calculate rate of reaction at 20s. 

• Draw a tangent to the curve at 20s. 
• Then, calculate gradient of the 

tangent. 


