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Bombardier Beetle



¶ This is an exothermic reaction that releases 

approximately 400 kJ of energy for every mole of 

hydroquinone that reacts.
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¶ Result? Whatever is attacking the bombardier beetle is 

sprayed with a hot and corrosive liquid.
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Energy from Chemicals ï Enthalpy Changes

¶ What are some 

generalisations about 

change?

Chemical reactions 

are always 

accompanied by a 

change in energy.



¶ Some examples of generalisations that can be made:

¶ Change:

­ Change is inevitable (unavoidable).

­ Change can have positive consequences or negative 

consequences.

­ Change can be reversible or irreversible.

­ Change can be steady, cyclic, random or chaotic.
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¶ Enduring Understandings:

¶ Chemical reactions (change) can be spontaneous or 

non-spontaneous.

¶ Spontaneous reactions (changes) release energy 

which can be used to do work. Non-spontaneous 

reactions (changes) require energy in order to take 

place.
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¶ Essential Questions:

¶ How are matter and energy related?

¶ Where does the heat and light that is given off by an 

exothermic reaction originate from, and where does it

go to?

¶ Why are some chemical reactions exothermic and 

others endothermic?

¶ Why do some chemical reactions occur spontaneously, 

while others do not?

Energy from Chemicals ï Enthalpy Changes



Energy from Chemicals ï Enthalpy Changes

What must I know 

and understand 

about energy from 

chemicals?



Learning Outcomes

Candidates should be able to:

a) Describe the meaning of enthalpy change in terms of exothermic (ȹH 

negative) and endothermic (ȹH positive) reactions.

b) Represent energy changes by energy profile diagrams, including 

reaction enthalpy changes and activation energies.

c) Describe bond breaking as an endothermic process and bond making as 

an exothermic process.

d) Explain overall enthalpy changes in terms of the energy changes 

associated with the breaking and making of covalent bonds.

e) Describe hydrogen, derived from water or hydrocarbons, as a potential 

fuel, reacting with oxygen to generate electricity directly in a fuel cell 

(details of the construction and operation of a fuel cell are not required).

¶ Singapore Examinations and Assessment

¶ Board University of Cambridge International Examinations

¶ Ministry of Education Singapore
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Energy from Chemicals ï Enthalpy Changes

Why do Chemists 

use the term 

enthalpy instead of 

energy?



¶ Chemists use thermodynamics to keep track of 

individual changes in energy, and to assess the 

net change that takes place in a reaction. For 

this purpose, they use an assessment of the 

quantity of energy available from a reaction as 

heat that is called the enthalpy. The name 

comes from the Greek words for ñheat insideò. 

There are good technical grounds for 

distinguishing enthalpy from energy, but 

essentially, enthalpy can be considered as just 

another name for energy trapped in chemicals 

and available as heat.
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¶ Exothermic: Releases 

energy into the surroundings.

¶ Endothermic: Absorbs 

energy from the surroundings.

Energy from Chemicals ï Enthalpy Changes

What different 

enthalpy changes 

can take place in 

Chemistry?



Energy from Chemicals ï Exothermic

Exo is Greek for ñoutside.ò

Thermasi is Greek for ñto heat.ò

The literal meaning of exothermic

is therefore ñto heat outside.ò

Exo is a common term used

throughout science. For example,

insects are described as having an

exoskeleton, which literally means

ñoutside skeleton.ò This accurately

describes the animalôs hard outer

casing.



Energy from Chemicals ï Endothermic

Endo is Greek for ñinside.ò

Thermasi is Greek for ñto heat.ò

The literal meaning of endothermic

is therefore ñto heat inside.ò

Endo is a common term used

throughout science. For example,

mammals are described as having

an endoskeleton, which literally

means ñinside skeleton.ò



Energy from Chemicals ï Enthalpy Changes

I remember from 

kinetic particle 

theory that changes 

in state also involve 

changes in energy.
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Remember:

energy H2O(g) > energy H2O(l) > energy H2O(s)
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Remember:

energy H2O(g) > energy H2O(l) > energy H2O(s)
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Phase changes involve a change in energy content of the 

system. Alcohol feels cold on the skin because the vaporisation 

of a liquid is an exothermic / endothermic process. As the liquid 

alcohol evaporates to form alcohol vapour, its energy content 

increases / decreases i.e. energy flows into / out of the 

system. Energy is taken from / given to the surroundings (the 

immediate surroundings is the skin), whose temperature 

therefore increases / decreases.

 Steam at 100 C̄ is said to cause a worse burn than 

boiling water at the same temperature because the condensation 

of a vapour to a liquid is an exothermic / endothermic process 

and energy flows into / out of the system from / into the 

surroundings. Once again the immediate surroundings include 

the skin whose temperature is therefore decreased / increased.
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Energy Profile for an Exothermic Reaction

Please tell me 

about exothermic 

chemical reactions.





Important Things to Noteé

¶ DH means change in enthalpy.

¶ An exothermic change releases energy

into the surroundings. Numerical values

of DH are negative.

¶ During an exothermic reaction, the 

temperature of the surroundings increases.

Energy Profile for an Exothermic Reaction



Energy Profile for an Exothermic Reaction



Energy Profile for an Exothermic Reaction



Energy Profile for an Exothermic Reaction



Energy Profile for an Exothermic Reaction



Energy Profile for an Exothermic Reaction

Activation
Energy

Enthalpy
Change

Energy



Energy Profile for an Exothermic Reaction

Activation
Energy

Enthalpy
Change

Energy

¶ Note: Arrows must 

point in one direction 

only, which is in the 

direction of the 

change in energy.

¶ Note: Arrows must 

extend completely 

from one line to the 

other.
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¶ All combustion reactions (where a fuel 

reacts with oxygen) are exothermic.

¶ For example, the combustion of methane:

CH4(g)  +  2O2(g)  ­  CO2(g)  +  2H2O(g)

DH = ï890 kJ molï1

¶ For example, the combustion of ethanol:

C2H5OH(g)  +  3O2(g)  ­  2CO2(g)  +  3H2O(g)

DH = ï1371 kJ molï1
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¶ It is very important to 

remember that the thermometer 

is part of the surroundings and 

not part of the reaction!

¶ As a consequence, the 

thermometer measures the 

temperature (or energy) of the 

surroundings and not the 

temperature (or energy) of the 

reaction!

Energy from Chemicals ï Enthalpy Changes



¶ People running a marathon run at different speeds and 

cross the finishing line at different times.

¶ It is the same for the particles in a reaction. The particles 

move at different speeds, with different amounts of kinetic 

energy, and will collide and react at different times.

¶ The particles in a reaction do not all react at once.
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Activation Energy

What is activation 

energy?



Activation Energy

¶ Activation energy is the 

minimum amount of energy 

that must be supplied to a 

chemical in order for a 

reaction to take place.



Activation Energy

¶ For example, the 

phosphorus and sulfur in a 

match head will not react 

with the oxygen in the air 

until the match is struck 

against the sandpaper on 

the side of the match box.



Activation Energy

¶ Friction between the 

match head and 

sandpaper generates heat 

energy, which is used to 

break chemical bonds in 

the molecules of 

phosphorus, sulfur and 

oxygen, thus allowing them 

to react.



Energy Profile for an Endothermic Reaction

Please tell me 

about endothermic 

chemical reactions.





Important Things to Noteé

¶ DH means change in enthalpy.

¶ An endothermic change absorbs energy

from the surroundings. Numerical values

of DH are positive.

¶ During an endothermic reaction, the 

temperature of the surroundings 

decreases.
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Energy Profile for an Endothermic Reaction

What are some 

examples of 

endothermic 

reactions?



Energy Profile for an Endothermic Reaction

Ba(OH)2(s)  +  2NH4Cl(s)  ­  BaCl2(aq)  +  2NH3(g)  +  2H2O(l)

DH = +105.1 kJ molï1

¶ A few drops of water placed between the flask and wooden

block freeze, óstickingô the flask and block together.
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¶ Photosynthesis:
carbon dioxide + water ­ glucose + oxygen

6CO2(g) + 6H2O(l) ­ C6H12O6(s) + 6O2(g)

¶ Thermal Decomposition:
calcium carbonate ­ calcium oxide + carbon dioxide

CaCO3(s)  ­  CaO(s)  +  CO2(g)

¶ Cracking Alkanes:
decane ­ octane + ethene

C10H22(l)  ­  C8H18(l)  +  C2H4(g)

Energy Profile for an Endothermic Reaction

¶ Electrolysis:
sodium chloride ­ sodium + chlorine

NaCl(l)  ­  Na(l)  +  Cl2(g)



Chemical reactions are accompanied by energy changes. 

When the energy content of a chemical system decreases during 

a reaction, the energy content of the products is greater / less 

than that of the reactants. The reaction is said to be 

exothermic / endothermic and a rise / fall in temperature is 

observed. The value of the enthalpy change of the reaction (DH) 

is positive / negative.

 When the temperature falls during a reaction, the reaction 

is said to be exothermic / endothermic. The energy content of 

the products is greater / less than that of the reactants i.e. the 

energy content of the system has increased / decreased during 

the reaction. DH for the reaction is positive / negative.
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Advance Concepts ï Entropy

¶ In addition to enthalpy,

we need to consider the

systemôs entropy ï how

random and chaotic is it?

Why do endothermic 

reactions take 

place? I thought that 

chemicals reacted in 

order to lose energy!



¶ Considering Enthalpy: It is true that chemical reactions 

take place for higher energy and relatively unstable 

reactants to form lower energy and relatively stable 

products. This process is exothermic and will release 

energy into the surroundings.

¶ Considering Entropy: It is also true that nature tends to 

favour systems that are random and chaotic. This 

explains why liquids tend to evaporate ï even though the 

particles are gaining energy, they are also becoming 

more random and chaotic when they change from a 

liquid into a gas. Entropy is used to describe how random 

and chaotic a system is ï the more chaotic the system, 

the higher its entropy.
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high energy, ordered reactants  ­  low energy chaotic products

This reaction is very favourable and will take place quite easily 

ï it is said to be spontaneous.
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high energy, ordered reactants  ­  low energy chaotic products

This reaction is very favourable and will take place quite easily 

ï it is said to be spontaneous.

low energy chaotic reactants  ­  high energy, ordered products

This reaction is unfavourable and will take place with difficulty

ï it is said to be non-spontaneous.
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high energy, ordered reactants  ­  low energy chaotic products

This reaction is very favourable and will take place quite easily 

ï it is said to be spontaneous.

low energy chaotic reactants  ­  high energy, ordered products

This reaction is unfavourable and will take place with difficulty

ï it is said to be non-spontaneous.

low energy ordered reactants  ­  high energy, chaotic products

Although this reaction is unfavourable due to the increase in 

energy, it could still be spontaneous if there is a large increase 

in entropy (i.e. there is a relatively small increase in energy, but 

the system becomes very chaotic). This change is endothermic.
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Advance Concepts ï Entropy

¶ Gibbs free energy gives Chemists an idea as to 

whether a chemical change will be either spontaneous or 

non-spontaneous.

¶ Gibbs free energy is defined by the equation:

DG = DH ï TDS

Where:

DG = change in Gibbs free energy / J

DH = enthalpy change of the system / J

T = temperature of the system / K

DS = entropy change of the system / JÖKï1

¶ If DG is negative, then the chemical change is 

spontaneous.



Advance Concepts ï Entropy

¶ Gibbs free energy is defined by the equation:

DG = DH ï TDS 

DH < 0 DH > 0

DS > 0

spontaneous at all 

temperatures

( DG < 0 )

spontaneous at high 

temperatures
( when TDS is large )

DS < 0

spontaneous at low 

temperatures
( when TDS is small )

non-spontaneous at 

all temperatures
( DG > 0 )
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Which reaction is 

more common, 

exothermic or 

endothermic?



¶ Chemical reactions take place in order for chemicals to 

reduce their energy and become more stable.

¶ It is natural for chemicals to go from a state of high 

energy to a state of low energy, just as it is natural for a 

ball to roll down a hill.
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¶ In an exothermic reaction, high energy reactants form 

low energy products, with energy given off to the 

surroundings.

¶ In an endothermic reaction, low energy reactants form 

high energy products, with energy absorbed from the 

surroundings.
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¶ In terms of energy changes, exothermic reactions are 

more favorable than endothermic reactions.

¶ Exothermic reactions are therefore more common than 

endothermic reactions.
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¶ Question: How do these diagrams illustrate the concept 

of activation energy?

¶ Answer: The person must use a specific amount of 

energy to roll the ball from the left-hand-side to the top of 

the hill. Only then is the ball free to roll down the

opposite side.
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Effect of a Catalyst on Activation Energy

What effect does a 

catalyst have on the 

activation energy of 

a reaction?
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Effect of a Catalyst on Activation Energy

¶ A catalyst 

increases the 

rate of a 

chemical 

reaction by 

allowing the 

reaction to 

proceed via an 

alternative 

route with a 

lower activation 

energy.



¶ A catalyst 

allows a 

reaction to 

proceed by an 

alternative, 

lower energy 

pathway.

¶ The catalyst 

is chemically 

unchanged at 

the end of the 

reaction.
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¶ We say that a 

catalyst 

increases the 

frequency of 

effective 

collisions 

between 

particles of the 

two reacting 

chemicals.

Effect of a Catalyst on Activation Energy



¶ Note: A 

catalyst does 

not affect the 

overall enthalpy 

change, DH, of 

the reaction.
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¶ Only 3 out of 30 

students can 

jump this high.
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¶ But 24 out of 30 

students can 

jump this high.
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¶ Analogy for activation 

energy. Less energy is 

required to push the boulders 

around the side of the hill 

compared to the energy that 

is required to push the 

boulders over the hill.

¶ Using the same amount of 

energy, more boulders can 

be pushed around the side of 

the hill compared to the 

number that can be pushed 

over the hill.
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Assessment for Learning

Can I please have a 

short question to 

check my current 

understanding?



¶ Study the energy change diagram shown below.

¶ Identify energy changes A, B, C and D.
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¶ Study the energy change diagram shown below.

¶ Identify energy changes A, B, C and D.

Assessment for Learning

C Enthalpy change (DH) of the forward reaction.

A Activation energy of the forward reaction.

D Activation energy of the backward reaction.

B Activation energy of the forward reaction with a catalyst.



Enthalpy Change Calculations

How can I calculate 

the enthalpy change 

of a chemical 

reaction?



¶ Imagine that you 

were given $50 

(+50).

¶ You spend $30

(ï30).

¶ You will be in credit 

by $20

(+50) + (ï30) = +20.

¶ Overall, you have 

ñgained money from 

the surroundingsò.

Enthalpy Change Calculations


