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C5 Energy Changes

Can you...?

5.1.1 Energy transfer during exothermic and endothermic reactions

Recall that Energy is conserved in chemical reactions. The amount of energy in the
universe at the end of a chemical reaction is the same as before the reaction takes place.
If a reaction transfers energy to the surroundings the product molecules must have less
energy than the reactants, by the amount transferred.

Describe what an exothermic reaction is and give examples.

Describe what an endothermic reaction is and give examples.

State every day uses of exothermic reactions.

State every day uses of endothermic reactions.

Distinguish between exothermic and endothermic reactions on the basis of the
temperature change of the surroundings.

Evaluate uses and applications of exothermic and endothermic reactions given
appropriate information.

5.1.2 Reaction profiles

State what must occur for particles to react.

Explain what the activation energy is.

Recall that reaction profiles can be used to show the relative energies of reactants and
products, the activation energy and the overall energy change of a reaction.

Draw simple reaction profiles (energy level diagrams) for exothermic and endothermic
reactions showing the relative energies of reactants and products, the activation energy
and the overall energy change, with a curved line to show the energy as the reaction
proceeds.

Use reaction profiles to identify reactions as exothermic or endothermic.

5.1.3 The energy change of reactions (HT only)

Recall that during a chemical reaction energy must be supplied to break bonds in the
reactants and energy is released when bonds in the products are formed.

Recall that the energy needed to break bonds and the energy released when bonds are
formed can be calculated from bond energies.

State how the energy needed to break bonds and the energy released when bonds are
formed differ in endothermic and exothermic reactions.

Calculate the energy transferred in chemical reactions using bond energies supplied.




Topic 5 - Energy changes
Chemical reactions involve energy transfers. Many chemical reactions involve the release of
energy however, some chemical reactions require energy to be supplied.

During a chemical reaction bonds in the reactants are broken and new bonds are made in the
products

* Energy is absorbed to break bonds. Bond-breaking is an endothermic process.

* Energy is released when new bonds form. Bond-making is an exothermic process.
Whether a reaction is endothermic or exothermic depends on the difference between the
energy needed to break bonds and the energy released when new bonds form.

Exothermic reactions

Energy is released from the reaction and transferred to the surroundings —

the reaction gets hotter (temperature increases).

This is because more energy is released making new bonds than absorbed  rené=
to break old bonds.

W =2 Heat

Heat
¥

Endothermic reactions

Energy is absorbed from the surroundings and transferred to the reaction

— the reaction gets colder (temperature decreases).
This is because more energy is absorbed breaking old bonds than absorbed e« =>
to making new bonds. 7

&= Heat

Heat

Energy transfer during exothermic and endothermic reactions

Energy is conserved in chemical reactions. The amount of energy at the end of a chemical
reaction is the same as before the reaction takes place. If a reaction transfers energy to the
surroundings the product molecules must have less energy than the reactants, by the
amount transferred.

An exothermic reaction is one that transfers energy to the surroundings so the

GRABBER,
temperature of the surroundings increases. Exothermic reactions include ”
combustion, many oxidation reactions and neutralisation. ’/’MJLJ,;;
Everyday uses of exothermic reactions include self-heating cans and hand E,L gy",
warmers.

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. Some sports injury packs are based on endothermic
reactions.



Section 5: Energy changes in reactions

Exothermic and endothermic reactions

Use the words in the box to complete the sentences.

exothermic, endothermic, temperature, increases, decreases, energy, created,

destroyed, conserved, more, less

In a chemical reaction energy is An
reaction is one that transfers _ to the surroundings so that the
temperature of the surroundings The product particles have

energy than the reactant’s particles. [5 marks]

Which everyday item depends upon an endothermic reaction?

Tick one box.
Hand warmers Self-heating cans
Sports injury packs Fireworks [1 mark]

The results of Jethro's energy change experiments are listed in Table 1.

Table 1

E »Mwy;u N

- Start Temperature
temperature (°C) temperature C) change (°C):

Ammonium chloride

Potassium hydroxide 15 ' 30 o +13
Ammonium nitrate 15 1 14
Sodium hydroxide s 32 1

a CompleteTable 1. [2 marks]

werkzd Wy b \Which of the solids had the largest
exothermic reaction? Explain your answer. [3 marks]

5 ‘from the start temperat e

- sothe answer for e

| fammomum nitrate should

yif’be 1-15=-14°C. The sign

s 1mportant because it tells

~ youifthe temperature went.‘ :
up or down o
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During an exothermic reaction the temperature ,
does go up as heat energy is given out to the :;":‘yv_;Comment
surroundings. So all the reactions are exothermic Thefinal answer is corre
apart from the reaction with ammonium chloride.  butan error has been
The reaction with sodium hydroxide is the most
exothermic as it has greatest the temperature
change. -

Marks gained: [3 marks] thiserrorinp

Sarah wants to investigate the temperature changes that take place when different metals are
added to copper sulfate solution.

a  Onthediagram, label the apparatus Sarah will use.

[4 marks]
b  Give two variables that Sarah should control so the ; /
investigation is a fair test. o What Varlables must she
: : keep the same7 e
[2 marks]
¢ Name two other pieces of apparatus Sarah will also need. ”‘How will Sarah measure‘ i
. out the volume of copper
[2 marks] -"»sulfate and the mass of

- ,'metal7 4

d  Sarah’s results are shown in the table below.

Temperature (cC)

Magnesium 15.2 15.8 155
Zinc 2.9 9.5 9.6 9.7
Calcium 20.0 204 19.9 20.1
Iron 4.1 3:9 4.0

Mean'”‘

i One of the results for magnesium is anomalous.

State the anomalous result. [1 mark]

Suggest a reason why it could be anomalous.

[1 mark]
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Reaction profiles

Chemical reactions can occur only when reacting particles collide with each other and with
sufficient energy. The minimum amount of energy that particles must have to react is called
the activation energy.

A reaction profile (aka an energy profile) is a visual way of representing the energy changes
during a reaction.

These diagrams show the relative amounts of energy contained within the reactant and
products, measured in kilojoules per mole (kJ/mol).

Reaction profiles tell you information about specific chemical reactions:
* How much energy is required for the reaction to start (activation energy)
* How much energy is released/absorbed during the reaction.

Reaction profiles also allow us to identify exothermic and endothermic reactions.

In an exothermic reaction, the reactants are at a
higher energy level than the products.

When the reactants form the products, energy is

Energy

transferred from the reaction to the surroundings (it
gets hotter).

An amount equal to the difference in energy
Reaelion progress between the reactants and products is released.

In an endothermic reaction, the reactants are at a
lower energy level than the products. The
activation energy is much larger.

As the reactants react to form the products, energy
is transferred from the surroundings to the
reaction (it gets colder).

Energy

An amount equal to the difference in energy
between the reactants and products is absorbed.

Progress of reaction

Bond energy calculations (HT only)

During a chemical reaction:

e Energy must be supplied to break bonds in the reactants

e Energy is released when bonds in the products are formed.

The energy needed to break bonds and the energy released when bonds are formed can be
calculated from bond energies.



ii Calculate the mean result for iron and write it in the table. [1 mark]

iii Use the data in the results table to put the metals into order of reactivity.

The first one has been done for you. [2 marks] iron
Increasing reactivity

iv Describe and explain what Sarah could do to improve
her results.

Reaction profiles

For a chemical reaction to occur...

Tick two boxes to complete the sentence correctly.

The reacting particles must collide.

The reacting particles must have energy.

The reacting particles bounce off each other.

The reacting particles must have enough
energy to activate the reaction. [2 marks]

Figure 1 shows the reaction profile for a chemical reaction.

a  Add the correct labels to the diagram. [4 marks] Figure 1

b Describe how you can tell from the diagram that the reaction is exothermic.

[T mark]

¢ Explain how the profile would change if the reaction
was endothermic.

’fr’The changes takmg place
_inan endothermlc reaction
."i_are oppo king
~ placein an exotherm S
freactlon X

[2 marks]
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The difference between the sum of the energy needed to break bonds in the reactants and
the sum of the energy released when bonds in the products are formed is the overall energy
change of the reaction.

In an exothermic reaction, the energy released from forming new bonds is greater than the
energy needed to break existing bonds. In an endothermic reaction, the energy needed to
break existing bonds is greater than the energy released from forming new bonds

To calculate the energy change of the reaction using bond energies use the following

formula:

Energy Energy absorbed Energy released
change from reacta.nt - from product
bonds breaking bonds forming

Worked example:

When hydrogen and oxygen react they produce water. The balanced symbol equation for
this reaction is:

2Hyg + Oz 2 2H20( Bond Bond Energy (kJ/mol)
e o H-H 436
H—Hn T SRS H/ \H 0=0 496
O
TRNY 0-H 463

Calculate the energy change for this reaction using the bond energies given.

Step 1: Total the type of bonds on each side of the reaction arrow:

Reactants Products
2xH-H

4x0—-H
1x0=0

Step 2: Use the bond energy table to calculate the amount of energy in the bonds on either
side of the reaction arrow:

2x436 =872 4 x 463 =1852
+ 1368

1x496 =496

Step 3: Calculate energy change by subtracting the total energy in the product bonds from
the total energy in the reactant bonds:

Energy change = energy in reactant bonds — energy in product bonds
= 1368 — 1852 = - 484 kJ/mol

If the number is negative it is an exothermic reaction, if it is positive it is an endothermic
reaction.




f'What do they need to do to
: hght a gas stove" .

Jack and John were on a camping trip. They wanted to boil
some water using their propane gas stove. Explain what
» provides the activation energy for the reaction.

[3 marks]

Energy change of reactions

Figure 2 shows a reaction profile.

Higher  The reaction profile represents the reaction \
Tier only {

"7 7 7 " Aactivation
energy

CH,+ 202 — CO2 + 2H20

'a  Describe what happens during the reaction in products
terms of bond breaking and bond making.

Y

Figure 2

[3 marks]

b Use the bond energies in the table to calculate the overall energy change for the

reaction:

CH, +20,— CO, +2H,0 [5 marks]
Marks gained: [5 marks]

P GH. o - e0 WO

[Bond energy (Ku/mol) [EEAPE 498 532 465 |

Work out the bond energies of the reactants.

4xC-H=4x412=10645

2 x0=0=2x4986 =996

Total = 1648 + 996 = 2644 kJ/mol [2 marks for working this out correctly]
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Work out the bond energies of the products.
2xC=0=2x53%2=1064
2(2x0-H)=2(2x465)=2x 930 = 1660

Total = 1064 + 1660 = 2924 kJ/mol [2 marks for working this out correctly]

Now work out the difference between the bond energies of the reactants
and products.

2924 - 2644 =280

The difference is 260 kJ/mol. More energy is released than taken in,
so the reaction is exothermic. [1 mark for working this difference out correctly]

¢ Usethebond energies in the table to determine whether propane, C,H,
gives out more or less energy than methane when it burns in air.

C,H, +50,— 3C0, + 4H.0

[6 marks]

C-H 0=0 C=0 H-O G.C

‘Bond energy (kJ/mol) [V 498 532 465 346

‘ muchf’tenergy is given out when propa
answer to that glven ln part b “““
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Use a polystyrene cup to improve insulation and

zxothermic and endothermic reduce heat loss. [ mark]
reactions . Usea temperature sensor to record the
temperature. This should lead to a more accurate
I. Answers in order: conserved [1 mark], exothermic [1 result as lots more data points will be collected. [1
mark], energy [1 mark]. increases [1 mark], more [1 mark] mark]
), Sports injury packs [1 mark] Allow any other reasonable answer.
}. aand b: Worked example - full answers given in
workbook. Reaction profiles
l. a ( [4 marks] .
1. The reacting particles must collide. [1 mark]
= thStmGmErey The reacting particles must have enough energy to
activate the reaction. [1 mark]
copper sulfate | > 2. a reactants [1 mark], products [1 mark], activation
solution ~ — beaker energy [1 mark], energy change during the reaction [1
metal — o mark]
b Any two from: concentration of copper sulfate, volume b The energy of the products is lower than that of the
of copper sulfate, mass of metal, size of metal particles reactants. [1 mark]
(2 marks] . ¢ Theline drawn showing the energy level of the
¢ Any two from: measuring cylinder, balance, also products would be higher than that of the reactants.
accept lid [2 marks] [1 mark] The arrow showing the overall energy change
d i Result:4.3[1 mark] would go up. [1 mark]
Reason: any one from: misread the thermometer; 3. The a.ctlvatlon engrgy is the energy needed to start the
didn‘t wait long enough before taking the reading; reaction between propane gas and oxygen. [1 mark] Thgy
used very cold copper sulfate [1 mark] Fould turn on the gas, st_nke a match [1 mark] a.nd hold it
. in the gas. The energy given out from the burning match
i 4.0 [1 mark] is transferred to the reacting particles of propane and
iii In order of increasing reactivity: zinc, magnesium, oxygen. [1 mark]
calcium [2 marks]
iv Use a lid to stop heat energy escaping from the top Energy change Of reactions
of the beaker. [1 mark] .
Wrap cotton wool around the beaker to insulate it 1. a Bonds break C-H and 0==O0. (1 mark)
and reduce heat loss. [1 mark] Atoms rearrange. [1 mark]
Bonds made C=0 and H-O [1 mark]
129 Accept if answer is given in terms of correct coloured
particles e.g. bonds break between yellow and purple
particle, etc.

b Worked example - full answer given in workbook.

¢ Bond energies of reactants = (8 x C-H) +
(2 x C=C) + (5 x 0O=0) = 3296 + 692 + 2490
= 6478 kJ/mol. [2 marks]

Bond energies of products = 3(2 x C=0) + 4(2 x O-H)
=3192 43720 =6912 kJ/mol.
[2 marks]

Energy given out during the reaction is 6912 - 6478 =
434 kJ/mol. [1 mark]

Therefore, propane gives out more energy than
methane when it burns in oxygen.
[1 mark]



Topic 5 — Energy Changes Glossary

Key Word

Definition

Activation energy

The minimum amount of energy required that reactant
particles must have to react.

Bond energy

The amount of energy stored in a chemical bond, this
energy is released when the bond is formed and absorbed
when the bond is made.

Conservation of

The amount of energy at the start of a chemical reaction

energy must equal the amount of energy at the end.
Displayed A formula that shows all the atoms and bonds in a
formula molecule.

Endothermic

A reaction that absorbs energy from its surroundings, the
reaction gets colder.

The difference in energy between the reactants and

Energy change products.

A reaction that releases energy to its surroundings, the
Exothermic reaction gets hotter.

The substance formed in a chemical reaction (on the right
Product hand side of the reaction arrow).

The substance that reacts in a chemical reaction (on the
Reactant left hand side of the reaction arrow).

A visual representation of the energy changes during a
chemical reaction.

Reaction profile
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