
Matter and Energy
Big idea: Energy change reactions 
can be useful

Energy

exothermic
A reaction in which the temperature increases as thermal (heat) energy is 
transferred to the surroundings from the chemicals.

endothermic
A reaction in which the temperature decreases as thermal (heat) energy is 
transferred from surroundings into the chemicals

Activation energy The amount of energy required for a reaction to take place

Reactants Substances put into a reaction

Products The resulting substances from a reaction

Combustion The reaction of a substance with oxygen

Incomplete 
combustion

The reaction of a hydrocarbon with an insufficient amount of oxygen.
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Exothermic Reaction Profile
• If a reaction transfers energy to the 

surroundings the product molecules must have 
less energy than the reactants, by the amount 
transferred.

IMPORTANT NOTE: The activation energy starts in 
line with the reactants.

Endothermic Reactions
• An endothermic reaction is one that takes in 

energy from the surroundings so the 
temperature of the surroundings decreases.

• Endothermic reactions include thermal 
decompositions and the reaction of citric acid 
and sodium hydrogencarbonate.

• Uses: sports injury packs

Exothermic Reactions
• An exothermic reaction is one that transfers 

energy to the surroundings so the temperature of 
the surroundings increases.

• Exothermic reactions include combustion, many 
oxidation reactions and neutralisation.

• Uses: self-heating cans and hand warmers.

Endothermic Reaction Profile
• If a reaction transfers energy from the 

surroundings, the product molecules must have 
more energy than the reactants, by the amount 
transferred.

• Activation energy is the amount of energy 
required for a reaction to take place.

Required Practical –Energy Changes
Types of reactions: acid + metals, acid + carbonates, 
neutralisations, displacement of metals

For a neutralisation reaction
1. Measure the solutions
2. Measure the initial temperature
3. Add the solutions and STIR
4. Measure the final temperature

To improve the accuracy
1. Stir to ensure temperature is consistent.
2. Use a lid to reduce heat loss.
3. Use an insulated cup (polystyrene) 

to reduce heat loss.
4. If adding a metal, ensure the same mass

and shape.

Combustion Reactions
• The combustion of hydrocarbon fuels releases energy. During combustion, the carbon and 

hydrogen in the fuels are oxidised. The complete combustion of a hydrocarbon produces carbon 
dioxide and water.

• Methane + oxygen → carbon dioxide and water
• Blue Bunsen flame is complete combustion

Incomplete Combustion Reactions
• When there is insufficient oxygen, incomplete combustion occurs.
• The products are carbon (soot) and carbon monoxide and water.
• Yellow Bunsen flame is incomplete combustion
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Chemical Formulas
A chemical formulacan be used to represent a compound. 
The formula shows:
•the symbols for each element in the compound
•the number of atoms of each element in a unit of the 
compound

For example, magnesium oxide is made up of two elements, 
magnesium and oxygen. Its formula is MgO. This shows that 
it has one atom of magnesium for every one atom of oxygen.
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The Law of Conservation of Mass
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.

Balancing Chemical Equations
Equations need to be balanced to have the same number of atoms on each side.

In a balanced chemical equation, the sum of the relative formula masses of the 
reactants in the quantities shown equals the sum of the relative formula masses of the 
products in the quantities shown.

Writing Ionic  Formulas
Ionic Compounds
An ion is a charged particle formed 
when an atom, or a group of 
atoms, loses or gains electrons. 
The number and sign of its 
electrical charges are shown 
in superscript text. 

The formula of an ionic 
compound can be predicted using 
the formulae of its ions. The 
numbers of ions in a formula must 
give an equal number of positive 
and negative charges.

Name of ion Formula of ion Electrical charge (s)

sodium Na+ One positive

magnesium Mg2+ Two positive

chloride Cl- One negative

oxide O2- Two negative

Name of compound Formula Electrical charges

Sodium chloride NaCl One positive, one negative

Sodium oxide Na2O Two positive, two negative

Magnesium oxide MgO Two positive, two negative

Magnesium chloride MgCl2 Two positive, two negative

Name of compound Formula
Name of 

compound
Formula

Sodium chloride NaCl Sulfur trioxide SO3

Potassium bromide KBr Water H2O

Magnesium iodide MgI2 Ammonia NH3

Carbon dioxide CO2 Methane CH4

Carbon monoxide CO

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

Relative Atomic Mass (Ar)
The mass number of an atom
Ar of He is 4

Relative Formula Mass (Mr)
The mass o fall the atoms of a 
molecule added together
Mr of H2O is (2x1) + 16 = 18

Chemical Equations
A word equation 
magnesium + oxygen →magnesium oxide

(reactant)                    (products)

A symbol equation
2Mg    +     2O2    → 2MgO

Step Result

Check to see if there are an equal 
number of atoms of each element on 
both sides. There aren't.

N2 + H2 → NH3

There are two nitrogen atoms on the left 
but only one on the right, so put a big 2 
on the left of the NH3.

N2 + H2 → 2NH3

Check again. There are two hydrogen 
atoms on the left but (2 × 3) = 6 on the 
right, so put a big 3 in front of the H2.

N2 + 3H2 → 2NH3

Check again to see if there are equal 
numbers of each element on both sides. 
There are.

(Two nitrogen atoms 
and six hydrogen atoms)

Add the state symbols if asked to do so.
N2(g) + 3H2(g) → 
2NH3(g)
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