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Chapter 14

Energy Changes In Chemical
Reactions - Grade 11

All chemical reactions involve energy changes. In some reactions, we are able to see these energy
changes by either an increase or a decrease in the overall energy of the system.

14.1 What causes the energy changes in chemical reac-
tions?

When a chemical reaction occurs, bonds in the reactants break, while new bonds form in the
product. The following example may help to explain this.

Hydrogen reacts with oxygen to form water, according to the following equation:

2H2 + 02 — 2H20

In this reaction, the bond between the two hydrogen atoms in the Hy molecule will break, as will
the bond between the oxygen atoms in the Oy molecule. New bonds will form between the two
hydrogen atoms and the single oxygen atom in the water molecule that is formed as the product.

For bonds to break, energy must be absorbed. When new bonds form, energy is released. The
energy that is needed to break a bond is called the bond energy or bond dissociation energy.
Bond energies are measured in units of kJ.mol~*.

Definition: Bond energy
Bond energy is a measure of bond strength in a chemical bond. It is the amount of energy
(in kJ.mol™!) that is needed to break the chemical bond between two atoms.

14.2 Exothermic and endothermic reactions

In some reactions, the energy that must be absorbed to break the bonds in the reactants, is less
than the total energy that is released when new bonds are formed. This means that in the overall
reaction, energy is released as either heat or light. This type of reaction is called an exothermic
reaction. Another way of describing an exothermic reaction is that it is one in which the energy
of the product is less than the energy of the reactants, because energy has been released during
the reaction. We can represent this using the following general formula:

Reactants — Product + Energy
255



14.2 CHAPTER 14. ENERGY CHANGES IN CHEMICAL REACTIONS - GRADE 11

Definition: Exothermic reaction
An exothermic reaction is one that releases energy in the form of heat or light.

In other reactions,the energy that must be absorbed to break the bonds in the reactants, is more
than the total energy that is released when new bonds are formed. This means that in the overall
reaction, energy must be absorbed from the surroundings. This type of reaction is known as an
endothermic reaction. Another way of describing an endothermic reaction is that it is one in
which the energy of the product is greater than the energy of the reactants, because energy has
been absorbed during the reaction. This can be represented by the following formula:

Reactants + Energy — Product

Definition: Endothermic reaction
An endothermic reaction is one that absorbs energy in the form of heat.

The difference in energy (E) between the reactants and the products is known as the heat of
the reaction. It is also sometimes referred to as the enthalpy change of the system.

Activity :: Demonstration : Endothermic and exothermic reactions 1

Apparatus and materials:

You will need citric acid, sodium bicarbonate, a glass beaker, the lid of an ice-
cream container, thermometer, glass stirring rod and a pair of scissors. Note that
citric acid is found in citrus fruits such as lemons. Sodium bicarbonate is actually
bicarbonate of soda (baking soda), the baking ingredient that helps cakes to rise.

Method:

1. Cut a piece of plastic from the ice-cream container lid that will be big enough
to cover the top of the beaker. Cut a small hole in the centre of this piece of
plastic and place the thermometer through it.

2. Pour some citric acid (H3CgH507) into the glass beaker, cover the beaker with
its 'lid" and record the temperature of the solution.

3. Stir in the sodium bicarbonate (NaHCOj3), then cover the beaker again.

4. Immediately record the temperature, and then take a temperature reading every
two minutes after that. Record your results in a table like the one below.

Time (mins) 012|416
Temperature (°C)

The equation for the reaction that takes place is:
H3CGH507(GQ) + 3NaH003(S) — 3002(9) + 3H20(l) + NGCGH507(GQ)

Results:

e Plot your temperature results on a graph of temperature against time. What
happens to the temperature during this reaction?

Is this an exothermic or an endothermic reaction?

e Why was it important to keep the beaker covered with a lid?

Do you think a glass beaker is the best thing to use for this experiment? Explain
your answer.

Suggest another container that could have been used and give reasons for your
choice. It might help you to look back to chapter ?? for some ideas!
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Activity :: Demonstration : Endothermic and exothermic reactions 2
Apparatus and materials:
Vinegar, steel wool, thermometer, glass beaker and plastic lid (from previous

demonstration).
Method:

1. Put the thermometer through the plastic lid, cover the beaker and record the
temperature in the empty beaker. You will need to leave the thermometer in
the beaker for about 5 minutes in order to get an accurate reading.

2. Take the thermometer out of the jar.

3. Soak a piece of steel wool in vinegar for about a minute. The vinegar removes
the protective coating from the steel wool so that the metal is exposed to
oxygen.

4. After the steel wool has been in the vinegar, remove it and squeeze out any
vinegar that is still on the wool. Wrap the steel wool around the thermometer
and place it (still wrapped round the thermometer) back into the jar. The jar
is automatically sealed when you do this because the thermometer is through
the top of the lid.

5. Leave the steel wool in the beaker for about 5 minutes and then record the
temperature. Record your observations.

Results:

You should notice that the temperature increases when the steel wool is wrapped
around the thermometer.

Conclusion:

The reaction between oxygen and the exposed metal in the steel wool, is exother-
mic, which means that energy is released and the temperature increases.

14.3 The heat of reaction

The heat of the reaction is represented by the symbol AH, where:

AH = Eprod - Ereact

e In an exothermic reaction, AH is less than zero because the energy of the reactants is
greater than the energy of the product. For example,

H2 + CZQ — 2HCI AH = -183 kJ

e In an endothermic reaction, AH is greater than zero because the energy of the reactants
is less than the energy of the product. For example,

C+HO—CO+Hy AH = +131kJ

Some of the information relating to exothermic and endothermic reactions is summarised in table
14.1.
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Table 14.1: A comparison of exothermic and endothermic reactions

Type of reaction Exothermic Endothermic

Energy absorbed or re- | Released Absorbed

leased

Relative energy of reac- | Energy of reactants greater | Energy of reactants less
tants and products than energy of product than energy of product
Sign of AH Negative Positive

Definition: Enthalpy
Enthalpy is the heat content of a chemical system, and is given the symbol 'H'.

Important: Writing equations using AH

There are two ways to write the heat of the reaction in an equation
For the exothermic reaction C(s) + O2(g) — CO2(g), we can write:

C(s) + 02(g9) — CO2(g) AH = -393 kJ.mol~! or
C(s) + O2(g9) — CO2(g) + 393 kJ.mol~!

For the endothermic reaction, C(s) + H20(g) — Ha(g) + CO(g), we can write:

C(s) + H20(g) — Ha(g) + CO(g) AH = +131 kJ.mol~* or
C(s) + H20(g) + 131 kJ.mol~! — CO + Ho

The units for AH are kJ.mol~'. In other words, the AH value gives the amount of
energy that is absorbed or released per mole of product that is formed. Units can
also be written as kJ, which then gives the total amount of energy that is released or
absorbed when the product forms.

Activity :: Investigation : Endothermic and exothermic reactions

Apparatus and materials:

Approximately 2 g each of calcium chloride (CaCls), sodium hydroxide (NaOH),
potassium nitrate (KNO3) and barium chloride (BaCly); concentrated sulfuric acid
(H2S0y4); 5 test tubes; thermometer.

Method:

1. Dissolve about 1 g of each of the following substances in 5-10 cm? of water in
a test tube: CaCly, NaOH, KNO3 and BaCls.

2. Observe whether the reaction is endothermic or exothermic, either by feeling
whether the side of the test tube gets hot or cold, or using a thermometer.

3. Dilute 3 cm? of concentrated HySOy4 in 10 cm? of water in the fifth test tube
and observe whether the temperature changes.

4. Wait a few minutes and then add NaOH to the HySO,4. Observe any energy
changes.

5. Record which of the above reactions are endothermic and which are exothermic.
Results:

e When BaCl; and KNOj dissolve in water, they take in heat from the surround-
ings. The dissolution of these salts is endothermic.
e When CaCly and NaOH dissolve in water, heat is released. The process is
exothermic.
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e The reaction of HySO4 and NaOH is also exothermic.

14.4 Examples of endothermic and exothermic reactions

There are many examples of endothermic and exothermic reactions that occur around us all the
time. The following are just a few examples.

1. Endothermic reactions

e Photosynthesis
Photosynthesis is the chemical reaction that takes place in plants, which uses energy
from the sun to change carbon dioxide and water into food that the plant needs to
survive, and which other organisms (such as humans and other animals) can eat so
that they too can survive. The equation for this reaction is:

6CO4 + 12H50 + energy — CgH1206 4+ 602 + 6H20

Photosynthesis is an endothermic reaction because it will not happen without an ex-
ternal source of energy, which in this case is sunlight.

e The thermal decomposition of limestone
In industry, the breakdown of limestone into quicklime and carbon dioxide is very
important. Quicklime can be used to make steel from iron and also to neutralise soils
that are too acid. However, the limestone must be heated in a kiln at a temperature
of over 900°C' before the decomposition reaction will take place. The equation for
the reaction is shown below:

CaCO3 — CaO + COQ
2. Exothermic reactions

e Combustion reactions - The burning of fuel is an example of a combustion reac-
tion, and we as humans rely heavily on this process for our energy requirements.
The following equations describe the combustion of a hydrocarbon such as methane

(CH4)Z

Fuel + Oxygen — Heat + Water + CarbonDioxide
CHy4 + 205 — Heat + H,O + CO4

This is why we burn fuels for energy, because the chemical changes that take place
during the reaction release huge amounts of energy, which we then use for things like
power and electricity. You should also note that carbon dioxide is produced during
this reaction. Later we will discuss some of the negative impacts of COz on the
environment. The chemical reaction that takes place when fuels burn therefore has
both positive and negative consequences.

e Respiration
Respiration is the chemical reaction that happens in our bodies to produce energy for
our cells. The equation below describes what happens during this reaction:

CsH1204 + 609 — 6COo + 6H2O + energy

In the reaction above, glucose (a type of carbohydrate in the food we eat) reacts with
oxygen from the air that we breathe in, to form carbon dioxide (which we breathe
out), water and energy. The energy that is produced allows the cell to carry out its
functions efficiently. Can you see now why you are always told that you must eat
food to get energy? It is not the food itself that provides you with energy, but the
exothermic reaction that takes place when compounds within the food react with the
oxygen you have breathed in!
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In Ning Lightsticks or glowsticks are used by divers, campers, and for decoration and
/,‘ fun. A lightstick is a plastic tube with a glass vial inside it. To activate a
lightstick, you bend the plastic stick, which breaks the glass vial. This allows
the chemicals that are inside the glass to mix with the chemicals in the plastic
tube. These two chemicals react and release energy. Another part of a lightstick
is a fluorescent dye which changes this energy into light, causing the lightstick
to glow!

? Exercise: Endothermic and exothermic reactions

1. In each of the following reactions, say whether the reaction is endothermic or
exothermic, and give a reason for your answer.
(a) Hy+ 1o — 2HI + 21kJ
(b) CH4 420, — CO2 +2H,0 A H = -802 kJ

(c) The following reaction takes place in a flask:
Ba(OH)2.8H20 +2NH4NO3 — BCL(NOg)Q +2NH3 + 10H0
Within a few minutes, the temperature of the flask drops by approxi-
mately 20C.

(d) Na+ Cly — 2NaCl AH = -411 kJ
(e) C+ 0y — CO,

2. For each of the following descriptions, say whether the process is endothermic
or exothermic and give a reason for your answer.

a) evaporation
b

(
(
(c
(
(

) the combustion reaction in a car engine
)
d) melting ice
)
)

bomb explosions

e
f

digestion of food

condensation

14.5 Spontaneous and non-spontaneous reactions

Activity :: Demonstration : Spontaneous and non-spontaneous reactions
Apparatus and materials:
A length of magnesium ribbon, thick copper wire and a bunsen burner
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magnesium
ribbon

Method:

1. Scrape the length of magnesium ribbon and copper wire clean.

2. Heat each piece of metal over the bunsen burner, in a non-luminous flame.
Observe whether any chemical reaction takes place.

3. Remove the metals from the flame and observe whether the reaction stops. If
the reaction stops, return the metal to the bunsen flame and continue to heat
it.

Results:

e Did any reaction take place before the metals were heated?
e Did either of the reactions continue after they were removed from the flame?

e Write a balanced equation for each of the chemical reactions that takes place.

In the demonstration above, the reaction between magnesium and oxygen, and the reaction
between copper and oxygen are both non-spontaneous. Before the metals were held over the
bunsen burner, no reaction was observed. They need energy to initiate the reaction. After
the reaction has started, it may then carry on spontaneously. This is what happened when the
magnesium reacted with oxygen. Even after the magnesium was removed from the flame, the
reaction continued. Other reactions will not carry on unless there is a constant addition of en-
ergy. This was the case when copper reacted with oxygen. As soon as the copper was removed
from the flame, the reaction stopped.

Now try adding a solution of dilute sulfuric acid with a solution of sodium hydroxide. What do
you observe? This is an example of a spontaneous reaction because the reaction takes place
without any energy being added.

Definition: Spontaneous reaction
A spontaneous reaction is a physical or chemical change that occurs without the addition
of energy.

14.6 Activation energy and the activated complex

From the demonstrations of spontaneous and non-spontaneous reactions, it should be clear that
most reactions will not take place until the system has some minimum amount of energy added
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to it. This energy is called the activation energy. Activation energy is the 'threshold energy’
or the energy that must be overcome in order for a chemical reaction to occur.

Definition: Activation energy
Activation energy or 'threshold energy’ is the energy that must be overcome in order for a

chemical reaction to occur.

It is possible to draw an energy diagram to show the energy changes that take place during a
particular reaction. Let's consider an example:

Hs(g) + F2(g9) — 2HF(g)

[H2F2] (activated complex)

AH = —268

k.J.mol™!

activation
energy
>
&0
.
(O]
c
(O]
- Hy +Fo
= reactants
[O]
ot
o
a

products

Time—

Figure 14.1: The energy changes that take place during an exothermic reaction

The reaction between H3(g) and F5(g) (figure 14.1) needs energy in order to proceed, and this is
the activation energy. Once the reaction has started, an in-between, temporary state is reached
where the two reactants combine to give HoF5. This state is sometimes called a transition
state and the energy that is needed to reach this state is equal to the activation energy for the
reaction. The compound that is formed in this transition state is called the activated complex.
The transition state lasts for only a very short time, after which either the original bonds reform,
or the bonds are broken and a new product forms. In this example, the final product is HF and
it has a lower energy than the reactants. The reaction is exothermic and AH is negative.

Definition: Activated complex
The activated complex is a transitional structure in a chemical reaction that results from the

effective collisions between reactant molecules, and which remains while old bonds break
and new bonds form.

In endothermic reactions, the final products have a higher energy than the reactants. An energy
diagram is shown below (figure 14.2) for the endothermic reaction XY +Z — X +Y Z. In this
example, the activated complex has the formula XYZ. Notice that the activation energy for the

endothermic reaction is much greater than for the exothermic reaction.

The reaction between H and F was considered by NASA (National Aeronautics
and Space Administration) as a fuel system for rocket boosters because of the
energy that is released during this exothermic reaction.

262




CHAPTER 14. ENERGY CHANGES IN CHEMICAL REACTIONS - GRADE 11 14.6

[XYZ]

&3
% activation
= energy X +YZ
g .................... m——
5 AH >0
o XY +Z

reactants 77

Time——

Figure 14.2: The energy changes that take place during an endothermic reaction

‘ Important: Enzymes and activation energy

An enzyme is a catalyst that helps to speed up the rate of a reaction by lowering the
activation energy of a reaction. There are many enzymes in the human body, without which
lots of important reactions would never take place. Cellular respiration is one example of a
reaction that is catalysed by enzymes. You will learn more about catalysts in chapter ?7.

? Exercise: Energy and reactions

P 1. Carbon reacts with water according to the following equation:

C+HO& CO+Hy AH >0

(a) Is this reaction endothermic or exothermic?
(b) Give a reason for your answer.

2. Refer to the graph below and then answer the questions that follow:

25

1
—_
o1

Potential energy (kJ)
o

Time—
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a
b
c
d

What is the energy of the reactants?

What is the energy of the products?

Calculate AH.

What is the activation energy for this reaction?

()
(b)
()
(d)

14.7 Summary

When a reaction occurs, some bonds break and new bonds form. These changes involve
energy.

When bonds break, energy is absorbed and when new bonds form, energy is released.

The bond energy is the amount of energy that is needed to break the chemical bond
between two atoms.

If the energy that is needed to break the bonds is greater than the energy that is released
when new bonds form, then the reaction is endothermic. The energy of the product is
greater than the energy of the reactants.

If the energy that is needed to break the bonds is less than the energy that is released
when new bonds form, then the reaction is exothermic. The energy of the product is less
than the energy of the reactants.

An endothermic reaction is one that absorbs energy in the form of heat, while an exother-
mic reaction is one that releases energy in the form of heat and light.

The difference in energy between the reactants and the product is called the heat of
reaction and has the symbol AH.

In an endothermic reaction, AH is a positive number, and in an exothermic reaction, AH
will be negative.

Photosynthesis, evaporation and the thermal decomposition of limestone, are all examples
of endothermic reactions.

Combustion reactions and respiration are both examples of exothermic reactions.

A reaction which proceeds without additional energy being added, is called a spontaneous
reaction.

Reactions where energy must be supplied for the activation energy to be overcome, are
called non-spontaneous reactions.

In any reaction, some minimum energy must be overcome before the reaction will proceed.
This is called the activation energy of the reaction.

The activated complex is the transitional product that is formed during a chemical
reaction while old bonds break and new bonds form.

Exercise: Summary Exercise
1. For each of the following, say whether the statement is true or false. If it is
false, give a reason for your answer.
(a) Energy is released in all chemical reactions.

(b) The condensation of water vapour is an example of an endothermic reac-
tion.
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(c) In an exothermic reaction AH is less than zero.
(d) All non-spontaneous reactions are endothermic.
2. For each of the following, choose the one correct answer.
(a) For the following reaction:
A+ B« AB AH = -129 kJ.mol~!

i. The energy of the reactants is less than the energy of the product.
ii. The energy of the product is less than the energy of the reactants.
iii. The reaction is non-spontaneous.
iv. The overall energy of the system increases during the reaction.

(b) Consider the following chemical equilibrium:
2N02 54 N204
Which one of the following graphs best represents the changes in potential

energy that take place during the production of NoO47

(i) (ii) (iif)

3. The cellular respiration reaction is catalysed by enzymes. The equation for the
reaction is:

CgH1204 + 605 — 6CO5 + 6H,O

The change in potential energy during this reaction is shown below:

activation
energy
>
o0
()
c
()
N S
g (6H1206 + 602
5 AH
a
"""""""""""" 6CO> + 6H20
Time—
(a) Will the value of AH be positive or negative? Give a reason for your

answer.

(b) Explain what is meant by 'activation energy’.

(c) What role do enzymes play in this reaction?

(d) Glucose is one of the reactants in cellular respiration. What important
chemical reaction produces glucose?

(e) Is the reaction in your answer above an endothermic or an exothermic one?
Explain your answer.

(f) Explain why proper nutrition and regular exercise are important in main-
taining a healthy body.
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terms defined in section A above for modified versions, provided that you include in the combi-
nation all of the Invariant Sections of all of the original documents, unmodified, and list them
all as Invariant Sections of your combined work in its license notice, and that you preserve all
their Warranty Disclaimers.

The combined work need only contain one copy of this License, and multiple identical Invariant
Sections may be replaced with a single copy. If there are multiple Invariant Sections with the
same name but different contents, make the title of each such section unique by adding at the
end of it, in parentheses, the name of the original author or publisher of that section if known,
or else a unique number. Make the same adjustment to the section titles in the list of Invariant
Sections in the license notice of the combined work.

In the combination, you must combine any sections Entitled “History” in the various original
documents, forming one section Entitled “History”; likewise combine any sections Entitled “Ac-
knowledgements”, and any sections Entitled “Dedications”. You must delete all sections Entitled
“Endorsements” .
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COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents released under
this License, and replace the individual copies of this License in the various documents with a
single copy that is included in the collection, provided that you follow the rules of this License
for verbatim copying of each of the documents in all other respects.

You may extract a single document from such a collection, and distribute it individually under
this License, provided you insert a copy of this License into the extracted document, and follow
this License in all other respects regarding verbatim copying of that document.

AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and independent documents
or works, in or on a volume of a storage or distribution medium, is called an “aggregate” if the
copyright resulting from the compilation is not used to limit the legal rights of the compilation’s
users beyond what the individual works permit. When the Document is included an aggregate,
this License does not apply to the other works in the aggregate which are not themselves derivative
works of the Document.

If the Cover Text requirement of section A is applicable to these copies of the Document, then if
the Document is less than one half of the entire aggregate, the Document’s Cover Texts may be
placed on covers that bracket the Document within the aggregate, or the electronic equivalent
of covers if the Document is in electronic form. Otherwise they must appear on printed covers
that bracket the whole aggregate.

TRANSLATION

Translation is considered a kind of modification, so you may distribute translations of the Doc-
ument under the terms of section A. Replacing Invariant Sections with translations requires
special permission from their copyright holders, but you may include translations of some or
all Invariant Sections in addition to the original versions of these Invariant Sections. You may
include a translation of this License, and all the license notices in the Document, and any War-
ranty Disclaimers, provided that you also include the original English version of this License and
the original versions of those notices and disclaimers. In case of a disagreement between the
translation and the original version of this License or a notice or disclaimer, the original version
will prevail.

If a section in the Document is Entitled “Acknowledgements”, “Dedications”, or “History”, the
requirement (section A) to Preserve its Title (section A) will typically require changing the actual
title.

TERMINATION

You may not copy, modify, sub-license, or distribute the Document except as expressly provided
for under this License. Any other attempt to copy, modify, sub-license or distribute the Document
is void, and will automatically terminate your rights under this License. However, parties who
have received copies, or rights, from you under this License will not have their licenses terminated
so long as such parties remain in full compliance.

FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU Free Documentation
License from time to time. Such new versions will be similar in spirit to the present version, but
may differ in detail to address new problems or concerns. See http://www.gnu.org/copyleft/.
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Each version of the License is given a distinguishing version number. If the Document specifies
that a particular numbered version of this License “or any later version” applies to it, you have the
option of following the terms and conditions either of that specified version or of any later version
that has been published (not as a draft) by the Free Software Foundation. If the Document does
not specify a version number of this License, you may choose any version ever published (not as
a draft) by the Free Software Foundation.

ADDENDUM: How to use this License for your documents

To use this License in a document you have written, include a copy of the License in the document
and put the following copyright and license notices just after the title page:

Copyright © YEAR YOUR NAME. Permission is granted to copy, distribute and/or
modify this document under the terms of the GNU Free Documentation License,
Version 1.2 or any later version published by the Free Software Foundation; with no
Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts. A copy of the
license is included in the section entitled “GNU Free Documentation License”.

If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace the “with... Texts.”
line with this:

with the Invariant Sections being LIST THEIR TITLES, with the Front-Cover Texts being LIST,
and with the Back-Cover Texts being LIST.

If you have Invariant Sections without Cover Texts, or some other combination of the three,
merge those two alternatives to suit the situation.

If your document contains nontrivial examples of program code, we recommend releasing these
examples in parallel under your choice of free software license, such as the GNU General Public
License, to permit their use in free software.
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