
Chemical reactions 

C2- Topic 5 



• A chemical reaction is a change that takes place 
when one or more substances (called reactants) 
form one or more new substances (called products) 

 

reactants   →   products 

Example: 

What is a chemical reaction? 

carbon carbon dioxide oxygen 

+  

+  



• In a chemical reaction, no atoms are created or 
destroyed 

• The reaction just changes how the atoms are 
arranged and bonded together 

Why doesn’t the mass change? 



• A word equation uses the names of the reactants 
and products to show what happens in a chemical 
reaction 

 

What is a word equation? 

• For example, when a piece of 
sulphur is burned in oxygen gas it 
produces a white solid called 
sulphur dioxide 

 

• The word equation for this 
reaction is: 

 

sulphur + oxygen → sulphur dioxide 



• A symbol equation uses the formulae of the reactants and 
products to show what happens in a chemical reaction 

• A symbol equation must be balanced to give the correct 
ratio of reactants and products 

S + O2 → SO2 

• This equation shows that one atom of sulphur (S) reacts with 
one molecule of oxygen (O2) to make one molecule of 
sulphur dioxide (SO2) 

What is a symbol equation? 

+  



• State symbols are added to a symbol equation to 
show whether the reactants and products are: 

 

- solid- symbol is (s) 

- liquid- symbol is (l) 

- gas- symbol is (g) 

- aqueous- (dissolved in water)- symbol is (aq) 

 

S (s)   +   O2 (g)   →   SO2 (g) 

What do state symbols show? 



• Exothermic reactions release energy- they get 
hot 

- ex = out (as in ‘exit’) 
 

• Endothermic reactions absorb energy- they 
get cold 

- en = in (as in ’entrance’) 
 

• Most chemical reactions are exothermic 

Exothermic and endothermic reactions 



• Exothermic reactions release thermal energy (heat) 
into their surroundings. Exothermic reactions can occur 
spontaneously and some are explosive 

 

• Examples: 
 

- Combustion 

- Respiration 

- Neutralisation 

- Reactions of metals and acids 

- Reaction between water and calcium oxide 

Exothermic reactions 



• No external heat source is used so 
the heat released during the reaction 
must come from the reactants 

• During the reaction, chemical energy 
in the reactants is converted to 
thermal energy (heat). This causes 
the temperature of the reaction 
mixture to rise 

• This thermal energy is eventually lost 
to the surroundings and the 
temperature of the reaction mixture 
returns to normal 

Exothermic reaction: energy transfer 

Magnesium and 
hydrochloric acid 



• Endothermic reactions absorb thermal energy, 
and so cause a decrease in temperature 

 

• Examples: 
 

- Thermal decomposition 

- Photosynthesis 

- Electrolysis 

- Sherbet  

 

Endothermic reactions 



• During the reaction, thermal energy 
from the reaction mixture is 
converted to chemical energy in the 
products 

• This causes the temperature of the 
reaction mixture to fall 

• Thermal energy from the 
surroundings is transferred to the 
reaction mixture and the 
temperature eventually returns to 
normal 

Endothermic reaction: energy transfer 

Ammonium nitrate 
and water 



• Because bond-breaking is endothermic, bond-making must 
therefore be exothermic. This means that energy is released 
when chemical bonds are made 

 

 

 

• Most chemicals will break up (decompose) if they are heated 
strongly enough. This means that energy is needed to break 
chemical bonds- an endothermic process 

 

Making and breaking chemical bonds 

energy 

released 

energy 

absorbed 



• In an exothermic reaction, less energy is needed to break the 
bonds in the reactants than is released making bonds in the 
products. Heat energy is released 

 

• In an endothermic reaction, more energy is needed to break 
the bonds in the reactants than is released in making bonds in 
the products. Heat energy is absorbed 

Exo or endo? 

Type of reaction Explanation 

Endothermic Energy absorbed is more than the energy released 

Exothermic Energy released is more than the energy absorbed 



In an exothermic reaction, the 
products are at a lower energy than 

the reactants 

In an endothermic reaction, the 
products are at a higher energy than 

the reactants 

Energy is released Energy is absorbed 

Endo or exo? 



• Reactions occur when particles collide 

• The speed of the reaction is called the rate of reaction 

 

 

 

 

 

 

 

• The rate of reaction depends on two things: 

- the frequency of collisions between particles 

- the energy with which particles collide 

 

 

What does rate of reaction mean? 

slow fast very fast 
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• Reactions take place when particles collide with a 
certain amount of energy 

• The minimum amount of energy needed for the 
particles to react is called the activation energy, and is 
different for each reaction 

 

• The rate of reaction can be increased by increasing: 

- the frequency of collisions between particles 

- the energy with which particles collide 
 

• If particles collide with less energy than the activation 
energy, they will not react, the particles will just 
bounce off each other 

Reactions, particles and collisions 



• Anything that increases the number of successful 
collisions between reactant particles will speed 
up a reaction 

 

• The following factors affect the rate of reaction: 
 

- Temperature 

- Concentration of dissolved reactants  

- Pressure of gaseous reactants 

- Surface area of solid reactants 

- Use of a catalyst 

Changing the rate of reactions 



• The higher the temperature, the 
faster the rate of reaction 

• At a higher temperature, particles 
have more energy. This means they 
move faster and are more likely to 
collide with other particles 

• When particles collide, they do so 
with more energy, and so the number 
of successful collisions increases 

Effect of temperature on rate of reaction 



• The higher the concentration of a dissolved reactant, 
the faster the rate of a reaction 

• At a higher concentration, there are more particles in 
the same amount of space. This means that the 
particles are more likely to collide and therefore 
more likely to react 

Effect of concentration on rate of reaction 

higher concentration lower concentration 



• Any reaction involving a solid can only take place on the 
surface of the solid 

• If the solid is split into several pieces, the surface area 
increases 

 

 

 

 

• This means that there is an increased area for the particles 
to collide with 

• The smaller the pieces, the larger the surface area. This 
means more collisions and a greater chance of reaction 

Effect of surface area on rate of reaction 

low surface area high surface area 



Effect of surface area on rate of reaction 

For small pieces of 
marble chip, more mass 
is lost as gas in the same 

amount of time- the 
reaction is faster 



• Reactions do not proceed at a steady rate. They start off at a 
certain speed, then get slower and slower until they stop 

• As the reaction progresses, the concentration of reactants 
decreases 

• This reduces the frequency of collisions between particles and so 
the reaction slows down 

Slower and slower! 

percentage completion of reaction 

100% 0% 25% 50% 75% 

reactants 

product 



• Measuring the rate of reaction means measuring the 
change in the amount of a reactant or the amount of a 
product 

 
Magnesium + hydrochloric acid → magnesium chloride + hydrogen 

 

- The amount of hydrochloric acid used up (cm3/min) 

- The amount of magnesium chloride produced (g/min) 

- The amount of hydrogen produced (cm3/min) 

How can rate of reaction be measured? 



• Catalysts are substances that change the rate of a reaction 
without being used up in the reaction 

• Catalysts never produce more product- they just produce the 
same amount more quickly  

What are catalysts? 

reaction (time) 

e
n
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y 
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Ea with 
catalyst 

Ea without 
catalyst 



Catalysts 

Name of catalyst Process 

Iron Making ammonia from nitrogen and 
hydrogen 

Nickel Making margarine from liquid 
vegetable oils  

Aluminium oxide For cracking alkanes 



• Catalytic converters in cars have a 
high surface area to increase the 

rate of reaction of carbon 
monoxide and unburnt fuel from 
exhaust gases with oxygen from 

the air to produce carbon dioxide 
and water 

 

• They work best at high 
temperatures 

Catalytic converters 


