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ENERGY FROM 
CHEMICAL 

REACTIONS 
ENERGY FROM CHEMICAL REACTION 
  
During chemical reactions, chemical bonds are both broken 
and formed.  
 
These two processes change the overall energy in a system. 
 
The system refers to the reactants and products while the 
surrounding experiences a change in temperature due to 
the system releasing heat energy or absorbing heat. 
 
 
 
For an exothermic reaction, the chemical reactions result in 
the system losing heat energy to the surroundings. The 
overall energy level of the system decreases. 
 
 
For an endothermic reaction, the chemical reactions result in 
the system gaining heat energy from the surroundings. The 
overall energy level of the system increases. 
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EXOTHERMIC 
REACTION 

EXOTHERMIC REACTION 
  
An exothermic reaction is a process in which energy is given 
out to the surroundings. 
  
Condensation and freezing are exothermic changes as heat is 
given out to the surroundings. 
  
Combustion reactions are exothermic. Burning a compound 
(such as a hydrocarbon) in the presence of oxygen will 
generate heat and increase the temperature of the 
surroundings. 
  

2H2 (g) + O2 (g)  2H2O (l) + heat 
  
  
Neutralisation reactions are exothermic. Heat is given out 
when hydrogen ions react with hydroxide ions to form water. 
 

H+ (aq) + OH– (aq)  H2O (l) + heat 
  
  
Displacement of a less reactive metal in a compound by a 
more reactive metal gives out heat. 
  

Zn (s) + Cu2+ (aq)  Zn2+ (aq) + Cu (s) + heat 
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ENDOTHERMIC 
REACTION 

ENDOTHERMIC REACTION 
  
An endothermic reaction is a change in which energy is taken 
in from the surroundings. 
  
Melting and boiling are endothermic changes where heat 
energy is absorbed. 
  
Dissolving ionic salts in water is endothermic. When some 
salts are dissolved in water, heat is absorbed. For instance, 
dissolving ammonium chloride or ammonium nitrate in water 
decreases the temperature of the solution.  
  

NH4Cl (s) + heat  NH4Cl (aq) 
  
Thermal decomposition is an endothermic process as most 
compounds absorb heat to be decomposed.  
 
Green copper (II) carbonate absorbs heat and decomposes 
into black copper (II) oxide and carbon dioxide. 
  

CuCO3 (s) + heat  CuO (s) + CO2 (g) 
  
Electrolysis is an endothermic reaction that does not absorb 
heat energy. Instead, electrolysis involves taking in electrical 
energy in order to drive a reaction. 
  
In the electrolysis of water, water decomposes into oxygen and 
hydrogen gas due to an electric current passing through the 
water. 
 

2H2O (l)  2H2 (g) + O2 (g) 
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ENERGY PROFILE 
DIAGRAM 

ENTHALPY CHANGE 
  
Enthalpy change is the amount of energy given out or 
absorbed during a chemical reaction in the form of heat. 
Enthalpy change is also known as heat of reaction and is 
denoted by ΔH. 
  
Enthalpy change (ΔH) is positive for endothermic reactions and 
negative for exothermic reactions. 
  
  

Mg (s) + 2HCl (aq)  MgCl2 (aq) + H2 (g)  
 

ΔH = – 462 kJ (Exothermic) 
  
  
This means that for every 1 mole of magnesium that reacts 
with 2 moles of hydrochloric acid, 462 kJ of energy is given out. 
 
This is an exothermic reaction. 
  

  
CaCO3 (s)  CaO (s) + CO2 (g)  

 
ΔH = + 222 kJ (Endothermic) 

  
  
This means that for the decomposition of every 1 mole of 
calcium carbonate, 222 kJ of heat is needed to produce 1 mole 
of calcium oxide and 1 mole of carbon dioxide.  
 
This is an endothermic reaction. 
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Energy level diagrams 
  
In exothermic reactions, reactants lose energy to the surroundings. Thus, 
the energy of the 
products is less than the energy of the reactants. 
  
In endothermic reactions, reactants gain energy from the surroundings. 
Thus, the energy of the products is greater than the energy of the 
reactants. 
 



BOND BREAKING & BOND FORMING 
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KEY CONCEPT 
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BOND BREAKING & 
BOND FORMING 

BOND BREAKING AND BOND FORMATION 
  
Bond energy is defined as the amount of energy released 
when the bond is formed (or the amount of energy absorbed 
to break the bond). 
  
Overall enthalpy change for a reaction, ΔH, 
  
= Energy absorbed in breaking bonds + Energy released in 
forming bonds 
 
= Sum of bond energies (bonds broken) – Sum of bond 
energies (bonds formed) 
  
  
 
For an exothermic reaction, 
  
Energy for bond breaking < Energy released from bond 
forming 
 
 
For an endothermic reaction, 
  
Energy for bond breaking > Energy released from bond 
forming 
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Remember: 
 

“Your bb is more important than your bf (best friend)” 
 

BB – BF 
(Bond breaking – Bond forming) 

 
 

Also, 
 

“My ex-bf is very hot” 
 

Bond forming is exothermic  surrounding 
temperature increases 



ACTIVATION 
ENERGY 

ACTIVATION ENERGY 
  
Activation energy is the minimum energy required to start a 
reaction.  
 
The symbol Ea is used to represent activation energy. 
 
For a reaction to proceed, it must possess at least the 
amount of energy equivalent to the value of its activation 
energy.  
 
This is the amount of energy the system needs to absorb in 
order to break bonds in the reactants. 
  
Particles have kinetic energy and are in constant random 
motion.  
 
Sometimes, this kinetic energy is sufficient to overcome the 
activation energy barrier, and the reaction is allowed to 
proceed when the particles collide. 
 
 
 
*Recall 2 conditions for reactions from “Rate of Reaction” 
 
1) Sufficient energy (activation energy) 
2) Collide in correct orientation 
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HYDROGEN FUEL CELL 
COMMON FUELS 
  
Fuels are a source of energy. When fuels undergo combustion, 
it is an exothermic reaction that releases energy. 
  

 Fuels + oxygen  Energy released 
  
The main fuels used today are petroleum and natural gas. 
Petroleum and natural gas are fossil fuels, meaning that they 
are formed over millions of years. 
  
Petroleum is a thick black liquid made up of a mixture of 
hydrocarbons.  
  
There is a disadvantage of using fossil fuels as they are non-
renewable. 
 
When natural gas undergoes complete combustion when 
there is a sufficient oxygen supply, 
  
CH4 (g) + 2O2 (g)  CO2 (g) + 2H2O (g) + heat energy 
  
When there is insufficient oxygen, fuels undergo incomplete 
combustion instead,  
  
4CH4 (g) + 5O2 (g)  2CO (g) + 8H2O (g) + 2C (s) + heat energy 
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There is always a supply of hydrogen readily available either derived from water 
or hydrocarbons, making it a renewable resource. 
  
The products formed comprise only water, making itenvironmentally-friendly.  
  
The overall equation for the reaction is: 
  

2H2(g) + O2(g)  2H2O(l) 
 

The electrolyte comprises of OH-, and water.  
  
At the anode, hydrogen gas reacts with OH- from the electrolyte to form water. 
  

2H2 (g) + 4OH– (aq)  4H2O (l) + 4e– 
  
At the cathode, oxygen reacts with water to form OH-. 

  
O2 (g) + 2H2O (l) + 4e–  4OH– (aq) 

 
Chemical energy from the concurrent reactions in the cell can then be converted 

to electrical or other types of energy. 



For more notes & learning materials, visit: 
www.overmugged.com 
 
‘O’ levels crash course program 
 

IG handle: 
@overmugged 

DARRELL ER (COPYRIGHTED) © 

Join our telegram 
channel: 
@overmugged 

Need help? 
 
Darrell Er 
(Private tutor with 8 
years of experience) 
 
8777 0921 
(Whatsapp) 
 
@DarrellEr 
(telegram username) 

Professionally designed crash course to help you get a condensed revision before your ‘O’ Levels! 
 
The 4 hour session focuses on going through key concepts and identifying commonly tested 
questions! 
 
Our specialist tutors will also impart valuable exam pointers and tips to help you maximise your 
preparation and ace your upcoming national exam! 
 
The crash courses will begin in June 2021 and last till Oct 2021. 
 
Pre-register now on our website and secure your slots! 
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