
 

 

A Guide to Energy and Chemical Change  

Teaching Approach  

 

Many learners find the topic of “chemical energy” very difficult. They have problems relating 

what they know about potential and kinetic energy in physics to the same concepts with 

regard to chemical reactions.  Many hold inconsistent ideas about what energy is, how and 

why it changes during the course of a chemical reaction, and how these changes are related 

to bond energies and reaction dynamics. 

 

A suggestion is to do two simple experiments with household chemicals to show the 

difference between an exothermic and an endothermic reaction. 

For an exothermic reaction: 

Exothermic chemical reactions give off heat energy. In this reaction vinegar is used to 

remove the protective coating from steel wool, allowing it to rust. When the iron combines 

with oxygen, heat energy is released. 

What You Need 

Thermometer, jar with lid, steel wool, vinegar 

Here's How: 

1. Place the thermometer in the jar and close the lid. Allow about 5 minutes for the 

thermometer to record the temperature, then open the lid and read the thermometer. 

2. Remove the thermometer from the jar (if you didn't already in Step 1). 

3. Soak a piece of steel wool in vinegar for 1 minute. 

4. Squeeze the excess vinegar out of the steel wool. 

5. Wrap the wool around the thermometer and place the wool/thermometer in the jar, 

sealing the lid. 

6. Allow 5 minutes, then read the temperature and compare it with the first reading. 

Tips: 

1. Not only does the vinegar remove the protective coating on the steel wool, but once 

the coating is off, its acidity aids in oxidation (rust) of the iron in the steel. 

2. The thermal energy given off during this chemical reaction causes the mercury in the 

thermometer to expand and rise up the column of the thermometer tube. 

3. In the rusting of iron, four atoms of solid iron react with three molecules of oxygen 

gas to form two molecules of solid rust (iron oxide). 

For an endothermic reaction: 

Most endothermic reactions contain toxic chemicals, but this reaction is safe and easy. Use 

it as a demonstration or vary the amounts of citric acid and sodium bicarbonate to make an 

experiment. 

What You Need 



 

 

25 ml citric acid solution, 15 g baking soda, Styrofoam cup, thermometer, stirring spoon 

Here's How: 

1. Pour the citric acid solution in a Styrofoam coffee cup. Record the initial temperature. 

2. Stir in the baking soda (sodium bicarbonate). Track the change in temperature as a 

function of time. 

3. The reaction is:  

H3C6H5O7(aq) + 3 NaHCO3(s) → 3 CO2(g) + 3 H2O(l) + Na3C6H5O7(aq) 

4. When you have completed your demonstration or experiment, simply wash the cup 

out in a sink. No toxic chemicals to mess with! 

Tips: 

1. An endothermic is a reaction that requires energy to proceed. The reactants take in 

energy from the surrounding water and this is observed as a decrease in temperature 

as the reaction proceeds.  

 

Students need to understand that energy is involved in the bond breaking and bond forming 

aspects of chemical reactions. 

 

The students will define the terms bond energy, enthalpy (also known as heat of reaction), 

endothermic, exothermic, and activation energy.  

 

Make use of the bond energy of the reactants and the products in the calculation of the heat 

of reaction. This must be practiced with lots of examples in addition to those provided. 

 

They will also draw and interpret energy diagrams showing the progress of exothermic and 

endothermic reactions. It is important to label these graphs. Labelling is often asked in tests 

and exams. 

 

A number of experiments are shown in the series. Talk through these experiments and focus 

on safety precautions and apparatus that is used. 

  



 

 

Video Summaries 

Some videos have a ‘PAUSE’ moment, at which point the teacher or learner can choose to 

pause the video and try to answer the question posed or calculate the answer to the problem 

under discussion. Once the video starts again, the answer to the question or the right 

answer to the calculation is given. 

 

Mindset suggests a number of ways to use the video lessons. These include: 

 Watch or show a lesson as an introduction to a lesson 

 Watch or show a lesson after a lesson, as a summary or as a way of adding in some 

interesting real-life applications or practical aspects 

 Design a worksheet or set of questions about one video lesson. Then ask learners to 

watch a video related to the lesson and to complete the worksheet or questions, either in 

groups or individually 

 Worksheets and questions based on video lessons can be used as short assessments or 

exercises 

 Ask learners to watch a particular video lesson for homework (in the school library or on 

the website, depending on how the material is available) as preparation for the next 

day’s lesson; if desired, learners can be given specific questions to answer in 

preparation for the next day’s lesson  

1. Energy Changes in Chemical Reactions  

Energy is absorbed to break bonds and released when new bonds are formed. This 

energy change is known as the enthalpy of the chemical reaction. 

2. Bond Energy 

What is bond energy? In this lesson we will define bond energy and also learn how to 

calculate the heat of reaction for a chemical reaction from given information. 

3. Energy Diagrams for Chemical Change  

For exothermic reactions, ΔH<0 and endothermic reactions, ΔH>0. Learn how to interpret 

this information in a graph for the progress of a reaction. 

4. Activation Energy  

A minimum amount of energy known as activation energy is required to start a chemical 

reaction. In this video we investigate activation energy, the activated complex, and also 

learn about the effect of a catalyst on a chemical reaction. 

  



 

 

Resource Material  
 

1. Energy Changes in 

Chemical Reactions  

 

 

http://apcentral.collegeboard.com/a

pc/members/courses/teachers_corn

er/49039.html 

Ending misconceptions about the 

energy of chemical bonds: 

 

http://www.kentchemistry.com/links/

Matter/EndoExo.htm 

Definition of endothermic and 

exothermic 

http://antoine.frostburg.edu/chem/s

enese/101/thermo/faq/exothermic-

endothermic-examples.shtml 

Examples of endothermic and 

exothermic 

 

2. Bond Energy  

http://www.kentchemistry.com/links/

Kinetics/BondEnergy.htm 

Bond energy calculations 

 

https://www.youtube.com/watch?v=i

h11AH0lEZY 

Calculations Involving Bond Energy - 

Bonding 

http://www.csun.edu/~jte35633/wor

ksheets/Chemistry/16-

2BondEnergy.pdf 

Bond energy worksheet and 

answers 

 

http://www.google.co.za/url?sa=t&r

ct=j&q=&esrc=s&frm=1&source=we

b&cd=1&cad=rja&ved=0CCsQFjAA

&url=http%3A%2F%2Fmsmcraessc

ience.weebly.com%2Fuploads%2F

5%2F1%2F4%2F4%2F5144948%2

Fbondenergyworksheetanswers.do

c&ei=2lcLUsyCG8jKhAeN5ICQBg&

usg=AFQjCNFfWX2qAQBwngk7jM

3eZ3GdPZygkQ&sig2=5Eondbzcsi

NO6Q16-qgxlQ 

3. Energy Diagrams 

http://chemistry.about.com/cs/gener

alchemistry/a/aa051903a.htm 

Endothermic and exothermic 

reaction  

https://www.youtube.com/watch?v=

hJWGeWz2irU 

Drawing the diagrams 

 

http://everythingscience.co.za/grad

e-11/03-atomic-combinations/03-

atomic-combinations-04.cnxmlplus 

Energy and bonding 

 

4. Activation Energy  

http://www.chem.ufl.edu/~itl/4411/le

ctures/lec_m.html 

Activation energy 

http://science.jrank.org/pages/61/Ac

tivated-Complex.html 

Activated complex 

http://chemistry.about.com/od/chem

icalreactions/a/catalysts-

Catalyst 

http://apcentral.collegeboard.com/apc/members/courses/teachers_corner/49039.html
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catalysis.htm 

https://www.youtube.com/watch?v=

ezsur0L0L1c 

Video of catalyst 
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Task 
Question 1 

Define the terms exothermic and endothermic reaction. 

Question 2 

Classify each of the following reactions as either exothermic or endothermic. 

 

2.1 When two chemicals mix, their temperature rises 

2.2 A solid burns brightly and releases heat energy, light and sound 

2.3 When two chemicals are mixed, their temperature drops 

2.4 Two chemicals will react only if you heat them continually 

2.5 Plants take in light energy for photosynthesis 

2.6   2H2O(l) + heat energy → 2H2(g) + O2(g) 

2.7 Mg(s) + Cl2 (g) → MgCl2(s) + heat energy 

2.8 Fe + S → FeS ΔH negative 

2.9 2KNO3 → 2KNO3 + O2   ΔH positive  

2.10 A + B → AB    ΔH = -129 kJ·mol-1 

 

You will find the information on the Data Sheet helpful when answering this question. 

 

Question 3   

This equation shows the reaction between ethene and oxygen. 

C2H4        +        3O2        →        2CO2        +           2H2O 

The structural formulae in the equation below show the bonds in each molecule 

involved. 

 



 

 

 
3.1 Calculate the total energy changes involved in breaking, and in forming, all of these 

bonds. 

3.2 Identify the reaction as endothermic or exothermic. 

Question 4 

Use bond energies to calculate the enthalpy change for this reaction: 

H2 (g) + F2 (g) → 2 HF (g) 

Question 5 

Use bond energies to calculate the enthalpy change for this reaction:  

 

Question 6 

Use bond energies to calculate the enthalpy change for this reaction

 

Question 7 

The complete combustion of acetic acid (CH3COOH) in gaseous oxygen forms water and 

carbon dioxide at constant pressure and releases 871, 7 kJ of heat energy per mole of acetic 

acid. 

 

7.1 Write a balanced chemical equation for this reaction. 

7.2 How much heat energy (kJ) would be released if you burn 2 moles of acetic acid? 

7.3 Draw a potential energy diagram for the reaction. 

Question 8 

8.1 Draw a labelled potential energy diagram for a reaction in which the total energy of the 

reactants is 50 kJ·mol-1, the total energy of products is 120 kJ·mol-1 and the activation 

energy for the forward reaction is 120 kJ·mol-1.  

8.2 Is this reaction exothermic or endothermic? 

Question 9 

Consider the reaction A + 2B → C 

In this reaction, the total energy of the reactants is 80 kJ·mol-1, the total energy of the 

products is -90 kJ·mol-1 and the activation energy for the forward reaction is 120 kJ·mol-1. 

 

9.1 Draw a potential energy diagram for this reaction. Label the diagram. 

O S O2 + O O
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H

C

H

H
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Br Br H C

H
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H

H Br Br

H

H

C



 

 

9.2 State whether the reaction is endothermic or exothermic. 

9.3 Calculate the energy difference between the reactants and the products. 

9.4 Deduce the sign of the enthalpy change. 

9.5 Identify with a reason, which is more stable, the reactants or products. 

Question 10 

 
 

10.1 Which of the letters a–f in the diagram represents the potential energy of the   

products?  

10.2 Which letter indicates the potential energy of the activated complex? 

10.3 Which letter indicates the potential energy of the reactants?  

10.4 Which letter indicates the activation energy?  

10.5 Which letter indicates the heat of reaction?  

10.6 Is the reaction exothermic or endothermic?  

10.7 What can be done to lower the activation energy of the reaction? 

Question 11 

 
11.1 Does the graph represent an endothermic or exothermic reaction? 

11.2 Determine the heat of reaction, ΔH, for this reaction. 



 

 

11.3 Determine the activation energy, Ea for the reaction. 

11.4 What is the energy of the activated complex for this reaction? 

  



 

 

Task Answers 

Question 1 

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

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

Question 2  

2.1 exothermic 

2.2 exothermic 

2.3 endothermic 

2.4 endothermic 

2.5 endothermic 

2.6 endothermic 

2.7 exothermic 

2.8 exothermic 

2.9 endothermic 

2.10 exothermic 

Question 3  

 
3.1 ΔH = ∑ ΔH (bonds broken) - ∑ ΔH (bonds formed) 

ΔH = [(C=C) +4x (C-H) + (3xO=O)] - [(4xO=C) + (4x (H-O)] 

ΔH = [614 +4(413) +3(495)] – [4(799) + 4(463)] 

ΔH = 3 751 – 5048 

ΔH = -1 297 kJ 

3.2 This is an exothermic reaction 

Question 4 

H2 (g) + F2 (g) → 2 HF (g)  

ΔH = ∑ ΔH (bonds broken) - ∑ ΔH (bonds formed) 

ΔH = [H-H + F-F] – [2xH-F] 

ΔH = [436 + 155] – [2(567)] 

ΔH = 591 – 1 134 

ΔH = -543 kJ 

Energy is released therefore it is and exothermic reaction. 

Question 5  

 
ΔH = ∑ ΔH (bonds broken) - ∑ ΔH (bonds formed) 

ΔH = [(2xS=O) + (O=O)] – [3xS=O] 

ΔH = [(2x523) + 495] – [3x 523] 

ΔH = 1 541 - 1 569  

ΔH = - 28 kJ 

Energy is released therefore it is and exothermic reaction. 

O S O2 + O O
S

O

OO

2



 

 

Question 6  

  
ΔH = ∑ ΔH (bonds broken) - ∑ ΔH (bonds formed) 

ΔH = [(6xC-H) + C-C + C=C + Br-Br] – [(2x C-C) + (2x C-Br)] 

ΔH = [6x413 + 348 + 614 + 193] – [2x348 + 2x276] 

ΔH = 3 633 – 1 248 

ΔH = 2 385 kJ 

Energy is absorbed therefore it is and endothermic reaction. 

Question 7  

7.1 C2H4O2 (g) + 3O2 (g) → 2CO2 (g) + 2H2O (g)  

7.2 Energy released = 2 x 871,7 

     = 1 743,40 kJ 

7.3  

Question 8  

  

8.1  

 

 

 

 

 

 

 

 

 

 

8.2 The reaction is endothermic 
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ΔH= 70 kJ 

Ea=120 kJ 



 

 

Question 9 

 

 

9.1  

 

 

 

 

 

 

 

 

 

9.2 exothermic 

9.3 ΔH = Hproduct- Hreactants 

= -90 – 80 

= - 170 kJ 

9.4 Negative 

9.5 The products are more stable since they are at a lower potential energy 

Question 10 

10.1 e 

10.2 c 

10.3 a 

10.4 b 

10.5 f 

10.6 endothermic 

10.7 add a catalyst 

Question 11 

11.1 exothermic 

11.2 ΔH = Hproduct- Hreactants 

ΔH = 20 – 40 

ΔH = - 20 kJ 

11.3 Ea = 100 – 40 

= 60 kJ 

11.4 100 kJ 

  

Reaction coordinate 

Potent

ial 

Energy 

(kJ) 

Reactants 

Products 
ΔH= -170kJ 

Ea=120kJ 
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