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Grade Level   10, 11, 12 

Time Required 150 minutes (Three 50 minutes periods)  
Summary 
Over the course of this unit, students will learn about reduction-oxidation reactions and how they 
connect to everyday life. The lessons will include revisiting the idea of renewable energy, while 
learning about fuel cells and catalysts within them. Specifically, students will be able to make a 
connection between redox reactions and their use in engineering. The activities within these 
lessons will allow students to apply the knowledge obtained in the classroom by understanding 
how fuel cells work. Beyond this unit, the concepts learned will function as a building block for 
future energy technologies.  

Engineering Connection 
Researchers must find more clean and efficient ways to generate energy to supply the world. 
Engineers have discovered ways to create energy that reduces the carbon footprint, such as the 
use of fuel cells. Fuel cells operate via a redox reaction of oxygen and hydrogen to produce 
water. However, this technology cannot be used by everyone because of the expensive catalyst 
that allows it to work so efficiently. Students will see how important it is for engineers to come 

Image 1 
Image file: Redox Reaction Mechanism 

ADA Description: The above image shows the 
process of a reduction-oxidation reaction. An 

atom that gains electrons is said to be reduces. On 
the other hand, an atom that loses electrons is 
oxidized. The atom reduced is also called the 

oxidizing agent, while the atom oxidized is called 
the reducing agent. 

Source/Rights: Copyright © http://www.old-
ib.bioninja.com.au/higher-level/topic-8-cell-

respiration/81-cell-respiration.html 
Caption: The mechanism of how electrons are 

transferred in a reduction-oxidation (redox) 
reaction. 
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up with different ways to produce clean energy so that the environment is not eventually 
depleted.  

Engineering Category  
Choose the category that best describes this lesson’s amount/depth of engineering content:  
Relating science and/or math concept(s) to engineering  
Keywords 
Redox, reduction, oxidation, fuel cell, electrocatalyst, hydrogen energy, renewable resources, 
energy 

Educational Standards (List 2-4) 
State STEM Standard  

CPALMS, 2008, SC.912.P.8.10, grades 9-12, Describe oxidation-reduction reactions in living 
and non-living systems. 

CPALMS, 2008, SC.912.L.17.11, grades 9-12, Evaluate the costs and benefits of renewable and 
nonrenewable resources, such as water, energy, fossil fuels, wildlife, and forests. 

ITEEA Standard  
Standard 16 (Grades K-12): Students will develop an understanding of and be able to select and 
use energy and power technologies.  

Learning Objectives 
After this lesson, students should be able to: 
• Understand how write out reduction-oxidation reactions.  

• Identify the species that is oxidized and reduced, and identify which species is the oxidizing 
agent and reducing agent. 

• Explain how engineers provide innovative ideas that increase the use of clean energy. 

• Show their understanding of benefits of fuel cells over fossil fuels as an energy source. 

• Describe how a fuel cell works and the chemical reactions that occur for energy to be 
created. 

• Explain the importance of research of hydrogen evolution reaction and oxygen evolution 
reaction. 

Introduction / Motivation (5E – Engage) 
Day 2: Discuss importance of research on redox reactions for the future of renewable 
energy. Discussion should include information about catalysts as well. 

• Introduce the use of fuel cells through a video on how fuel cells work and how 
they are made: 
https://www.youtube.com/watch?v=imV_ufIzxPY 
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https://www.youtube.com/watch?v=LDwS31OE7ak 
After the videos, students will be asked the following questions to generate a 
discussion: 

o After seeing how a fuel cell works, what species is being oxidized? 
Reduced? 

o Why do you think fuel cells should be used as opposed to fossil fuels? 
o Do you think that solely using fuel cells as a renewable energy source 

would be a sustainable energy source? 
o Fuel cells use hydrogen and oxygen gas. Where does the hydrogen 

come from to create energy production? The oxygen? 
o Can you think of any problems that may occur with the use of fuel 

cells? 

Lesson Background & Concepts for Teachers (5E – Explain)  
The bulk of the energy used around the world is generated from fossil fuels. It has become 
evident that using fossil fuels has a negative impact on our environment and even our health, 
therefore it is imperative that other energy sources that have limited harmful outcomes be used 
instead. Renewable energy is a cleaner way to generate energy, and ultimately will be able to be 
restored over and over again.  

One source of renewable energy are fuel cells. This technology uses an electrochemical reaction 
to create energy from hydrogen and oxygen. Hydrogen gas (H2) flows through to the anode of 
the cell while oxygen (O2) also flows in, but to the cathode. The protons on each hydrogen ion go 
through the electrolyte and are transferred to the cathode. At the same time the electrons from the 
hydrogen molecule go through the electrical circuit to get to the cathode because the electrolyte 
cannot carry electrons through. Hydrogen ions combine with the oxygen which goes through the 
cell at the cathode. This combination of hydrogen and oxygen makes water as a product. Since 
water is a product of this reaction, it makes the use of fuel cells a clean energy option.  

Currently there is research being done that focuses on making hydrogen and oxygen from water 
electrolysis to provide fuel for fuel cells. Reactions such as hydrogen evolution (HER) and 
oxygen evolution (OER) have shown to produce hydrogen and oxygen respectively through 
redox reactions starting with water. In HER, a water molecule is split into hydrogen gas an 
hydroxide ions. However, in OER, four hydrogen ions and an oxygen molecule is produced from 
the two oxidized water molecules.  

Before beginning this lesson, the teacher should teach oxidation numbers as the first lesson of the 
unit. Oxidation and reduction terms should also be taught prior to this lesson in terms of half 
reactions and balancing with atoms and electrons. It is also suggested that the teacher have a 
brief discussion with the students about non-renewable and renewable energy to review concepts 
from the previous thermochemistry unit. To execute the fuel cell car lab activity, a few fuel cell 
kits should be purchased and tested beforehand.                             



Version: August 2013 4 
 
 
 
 

                                                        
 
Day 1: 

• Review oxidation/reduction written equations with worksheet (see attachment). 
• Introduce HER and OER skeleton reactions. Have students write and balance half     

reactions of each reaction type and combine them to make a full equation. 
o HER:  H2O à  H2   +  OH— 
o OER:  H2O à  O2  +   H+ 
o Overall equation:  2 H2O  à   2 H2  +  O2 

• Begin explaining the idea of HER and OER in research to lead into homework. 
• Homework: give students excerpts of articles to read on HER and OER to supplement    

initial discussion. Have students write a paragraph summary of the information read (see  
attachment). 

 
Day 2: 

• Give redox quiz. 
• Review and answer questions about HER and OER from yesterday’s lesson. Ask what  

the main idea was so that lower level students can make sure they got the main idea too. 
• Engage students with videos that introduce the use of fuel cells and how they work, then 

discuss afterwards. 
• Discuss fuel cell activity in preparation for the next day. 
• Homework: Find 3 redox reactions that take place in the real world. Write the reaction,  

tell what it is used for, balance the half reactions, and identify the species oxidized,  
reduced, reducing agent, and oxidizing agent.  

 
Day 3: 

• Put students into groups for fuel cell car lab (see attachment). 
 
 
 

Image 2 
Image file: Fuel Cell Diagram 

ADA Description: This image shows a 
schematic of how a fuel cell works. First 
hydrogen gas flows onto the anode and 

the electrons go through the circuit while 
the protons go through the electrolyte. 

Oxygen gas also flows into the cell onto 
the cathode and combines with the 

protons to make water. 
Source/Rights: Copyright © 

http://hearinghealthmatters.org/waynesw
orld/2017/fuel-cells-for-hearing-aids/ 
Caption: This shows the mechanism 

through which a fuel cell operates. 
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Vocabulary / Definitions 
Word Definition 

Oxidation The loss of electrons. 
Renewable Energy Energy that comes from natural resources and can be replenished. 
Reduction The gain of electrons. 
Oxidizing Agent Causes another atom to be reduced. 
Reducing Agent Causes another atom to be oxidized. 
Catalyst A substance that increases the rate of a chemical reaction. 
Anode The positively charged electrode. 
Cathode The negatively charged electrode. 

 
Associated Activities (5E – Explore) 
Day 3: Fuel Cell Car Lab (see attachment) 

Assessment (5E – Evaluate) 
Pre-Lesson Assessment  
Initial Discussion: Teacher should discuss prior knowledge of non-renewable and renewable 
resources (pre-Day 1). 

Post-Introduction Assessment 
Redox Quiz: Assessment of understanding of writing and reading redox reactions (Day 2). 

Lesson Summary Assessment 
Use of Clean Energy Summary: Have students write a page on drawbacks of using current 
method of hydrogen energy and what are some future developments in the field of clean energy 
(after unit is done).   

Homework 
Article on HER and OER: Have students write a paragraph summary of what they read (Day 1).  
Redox Reactions in the Real World: Students will find at least 3 redox reactions that take place in 
the real world. They should include each reaction, what the reaction is used for, balance the half 
reactions, and identify the species oxidized, reduced, reducing agent, and oxidizing agent (Day 
2). 

Lesson Extension Activities (5E – Extension) 
• Have students analyze the mechanism of lithium-ion batteries and explain the difference 

between fuel cells and lithium-ion batteries. Also have them consider which energy source in 
their opinion is the best for cars for example.   

• Have students relate the use of clean energy to other disciplines such as government, 
environmental science, etc. 
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1) Redox Reactions Practice 

2) HER/OER Articles 
3) Fuel Cell Car Lab 
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Redox Reaction Practice (Day 1) 
 

Unit 15: Redox Reactions Practice 
 

Define the following words: 

1. Oxidation – _____________________________________________________________ 
 
 

2. Reduction – _____________________________________________________________ 
 
Label the following as oxidized, reduced, oxidizing agent, and reducing agent: 

3. Zn+ H2SO4 à ZnSO4  + H2 

Oxidized:_______  Reduced:_______ 

Oxidizing Agent:_____ Reducing Agent:_____ 

 

4. Al(s) + Fe2+(aq) →Fe(s) + Al 3+(aq) 

Oxidized:_______  Reduced:_______ 

Oxidizing Agent:_____ Reducing Agent:_____ 

 
Fill in the following chart. 

 Balanced Reaction Oxidation or Reduction 

                
5. F- → F2

0 
  

                 
6. Co6+ → Co3+   

                 
7. Al0 → Al3+   

  
8. Cl2

0
 → Cl-   
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Write and balance the half reactions for each of the following: 
9.   Cr+ + Sn4+ → Cr3+ + Sn2+ 

10.   3 Hg2+ + 2 Fe  → 3 Hg2 + 2 Fe3+ 

11.   2 As  + 3 Cl2 → 2 AsCl3 

12.   Hg2
2+ + 2 MnO4

2--  → 2 Hg + 2 MnO4
— 
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HER/OER Articles (Day 1) 

 
Elucidating the Alkaline Oxygen Evolution Reaction Mechanism on Platinum 
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Investigation of the Catalytic Activity of LaBO3 (B = Ni, Co, Fe or Mn) Prepared by the 
Microwave-assisted Method for Hydrogen Evolution in Acidic Medium 
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Advances in Electrocatalysts for Oxygen Evolution Reaction of Water Electrolysis-From 
Metal Oxides to Carbon Nanotubes 
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Fuel Cell Car Lab (Day 3) 
Fuel Cell Car Lab: Powering the car with hydrogen 
Objectives: 
1. Students will produce hydrogen and oxygen with the solar panel connected to the fuel cell. 
2. Students will use the hydrogen and oxygen to power the car 
 
Background: 
The most common way to obtain electricity from a combustible fuel is to burn the fuel and use the heat produced to boil 
water.  The steam is used to turn a turbine (sort of like a windmill). This turbine turns a generator which generates 
electricity.  This is how coal burning power plants work and that is where the US gets about 55% of its electricity from.  
The problem with burning fuels to generate electricity is that it is not very efficient, and it often produces large amounts of 
pollution and green-house  
gases that contribute to global warming. 
 
A fuel cell is a device that  
can use a constant supply  
of fuel and convert it directly  
to electricity without  
the need for combustion.   
We will be using a  
special type of fuel  
cell today called a Proton  
Exchange Membrane  
(PEM) fuel cell.  
This type of fuel cell  
uses hydrogen gas as  
the fuel, and it works to  
separate the electrons  
from the protons. The  
electrons travel one way  
through a circuit and  
power an electric motor.  
The protons (H+) travel a  
different path -- through the  
proton exchange membrane --  
and rejoin the electrons  
on the other side of the  
fuel cell where they react  
with oxygen gas to form 
 water as shown in Figure 1  
above. 
 
In this exercise, we will  
use the fuel cell in reverse  
to split water into hydrogen  
gas and oxygen gas  
(See Figure 2 at right.)  
This requires a power  
source such as a solar  
panel or a battery.  
Then we will use the fuel  
cell in its more commonly  
used manner to use hydrogen  
gas as a fuel to power the  
electric motor on the car.  
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Fuel Cell 
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You will need the following materials: 
• Safety glasses 
• Solar panel 
• Electric Light (60-100 watt bulb) 
• Car body with fuel cell 
• Syringe with tubing nozzle 
• Distilled water (Use only distilled water for experiments with the fuel cell. 
The water must be free of all ions and salts or it can destroy the fuel cell. 
NEVER USE WATER FROM THE TAP OR BOTTLED DRINKING 
WATER.) 
 
Setting up: 
1. Make sure the square fuel cell is in the center of the car with the side 
labeled “top” facing up. The fuel cell should fit securely in the center part 
of the car body. 
2. The square fuel cell should have two pieces of tubing sticking out of it: 
two short pieces with red stoppers on the top, one from each side. 
3. If the long tubes are connected to the fuel cell, disconnect them. Make 
sure that the ends with the clear plastic nozzles are securely seated in the tanks 
and the other end is sticking out the top as shown at right, above.  Place the tanks 
into the reservoir in the rear of the car. 
4. Fill the reservoir about two-thirds full with distilled water. Make sure that the 
insides of the tanks fill up.  
5. Now attach the long tubing to the bottom connectors on the fuel cell, the one 
from the large tank to the red side of the cell, the one from the small tank to the 
bluish gray side. 
6. Remove air from the system as follows: 

a. Remove the red stopper on one side of the short tubing. 
b. Start with the syringe completely empty.  Insert the syringe nozzle into the 
short tubing. 
c. Gently pull on the end of the syringe to draw water from the reservoir up 
into the tank and through the fuel cell. 
d. When no more air can be seen in the fuel cell or in any of the tubing, 
remove the syringe and recap the short tubing on the fuel cell with the red 
stopper. 
e. Discard water from the syringe back into the reservoir. 
f. Repeat the procedure for the other side of the fuel cell. 

7. You are now ready to start making gases to fill your hydrogen and oxygen tanks!  
Plug the solar panel wires into fuel cell with the red wire connected to the red side 
of the fuel cell and the black wire connected to the bluish gray side as shown 
below. 
 
 
 

 
8. Turn on your light and position it to directly face the solar cell separated by approximately 10 cm. 

red wire 

black wire 

long tubes 
connected 
to the tops 

of the 
tanks  

solar panel 

red & black wires 
from motor dis-
connected 

Pull tubing 
with stopper 
up to make 
tight seal 

red stoppers 

fuel cell 

syringe 
plunger 
being 

drawn up 
to rid the 
system of 

any air 



9. After a few seconds, gases should start passing through the long tubes and then begin to accumulate in the tanks.  
One of the gases is being produced at a significantly greater rate. (Why is that?)   Continue to fuel up your tanks for a few 
minutes.  As you wait, try answering some of the questions below. 
 
Operating the car on hydrogen fuel: 
UP UNTIL THIS POINT, YOU HAVE NOT BEEN USING THE FUEL CELL AS A FUEL CELL!  YOU HAVE BEEN 
ESSENTIALLY RUNNING THE CELL BACKWARDS (FIG 2 ON PAGE 1) TO BREAK WATER APART INTO ITS 
COMPONENT ELEMENTS: HYDROGEN AND OXYGEN.  NOW YOU ABOUT TO SEE THE DEVICE FUNCTION AS A 
TRUE FUEL CELL (FIG 1 ON PAGE 1)-- WITH THE HYDROGEN AND OXYGEN REACTING TO PRODUCE AN 
ELECTRIC CURRENT! 
1. Once the tanks have filled up most of the way, turn off your  
light source, and unplug the solar panel wires from the fuel 
cell. 
2. Take your car to the designated test track.  If the track is a 
circular one, then angle the front wheels  to the left.  Careful 
not to pick up the car by the fuel cell, which might come 
loose.  Instead carry the car from the bottom.  Now plug in the 
motor wires to the fuel cell -- again: red wire to the red side of 
the call, black wire to the bluish gray side, as shown at right. 
The car should begin to move when the second wire is 
attached. Be careful not to let the car drive off the table!!! 
 
Investigating how a fuel cell works. 
Take some time now to view the powerpoint tutorial that 
explains how a fuel cell works.  It will help you answer some of 
the questions below. 
 
Questions: 
1. Write a balanced chemical reaction for the splitting (decomposition) of water: __________________________ 
 
2. Look back at the two diagrams on the first page.  Which one of these (top or bottom) illustrates how the fuel cell was 

used in this lab?  ______________   
 
3. If the solar panel were connected the wrong way (black wire to red side and red wire to bluish gray side) what do you 

think would happen? 
______________________________________________________
__________________________ 

 
 
4. At top right is a sketch that shows the tanks as they looked after a 

few minutes of filling with the wires connected correctly.  Below this, 
draw how you think the tanks might look after a few minutes with the 
wires connected incorrectly. 

 
What problem might this create if the tanks are allowed to fill for a 
longer time? 

 
______________________________________________________ 

 
 
 
5. If instead the electric motor were connected the wrong way (black 

wire to red side and red wire to bluish gray side) what do you think 
would happen? 

 
______________________________________________________ 

 
 
 

red wire 

black wire 



 
6. Do the electrons in the circuit move toward the hydrogen side of the fuel cell or the oxygen side? ____________  

Why do they move in that direction?  
 

_________________________________________________________________________________________________ 
 
7. What is another name for a hydrogen ion? _______________   Explain how these two things are the same.  
 
_________________________________________________________________________________________________ 
 
8. For every O2 molecule that gets used up in the fuel cell, how many H2 molecules get used up? ____  And how many 

electrons are forced through the wire? ___ 
 
9. List five advantages that a “hydrogen economy” (one that runs on hydrogen power) has over the petroleum economy 

that the world has embraced for the past century. 
 

1. ____________________________________ 
 

2. ____________________________________ 
 

3. ____________________________________ 
 

4. ____________________________________ 
 

5. ____________________________________ 


