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Unit  2: Chemical Reactions 
Topic: Solving a Real World Problem with Chemical Equations 
Subject/ Grade level: STEM/ Grade 8 

Materials: 

For each group of 2-3 students 

 Design logs 

 “Jelly Bean Equations” handout with Grid 

 “Combustion in Brief” handout 

 “Balanced Equations Quicknotes” handout 

 “Chemical Equations Algebra” handout 

 “Pipeline Explosion Article” handout 

 “Sandwich Bag Explosions” handout 

 “Washington Parish Blast” handout 

 21st Century Skill rubric to grade student project 

 Jelly beans for modeling (see” Jelly Bean Equations” handout for more info.)  

 Toothpicks 

 Poster board 

 Markers 

 Index cards 

 Self-chosen materials for the redesign task 

 Websites 
o http://www.bing.com/videos/search?q=natural+gas+explosion&FORM=HDRSC3 
o http://www.quirkyscience.com/chemical-explosions/ 
o https://www.khanacademy.org/science/chemistry/chemical-reactions-stoichiometry/v/balancing-

chemical-equations 
o http://www.nola.com/traffic/index.ssf/2013/06/gasline_expolsion_reported_in.html 
o http://www.wisegeek.org/what-does-it-mean-to-be-a-canary-in-a-coal-mine.htm 

 

TEKS  
Science 

SCI 8.3C Identify the advantages and limitations of models such as size, scale, properties, and materials. 

*ⓇSCI 8.5D Recognize that chemical formulas are used to identify substances and determine the number of atoms of 
each element in chemical formulas containing subscripts. 

ⓈSCI 8.5F Recognize whether a chemical equation containing coefficients is balanced or not and how that relates to 
the law of conservation of mass. 
 
Math 

MA 8.1A Apply mathematics to problems arising in everyday life, society, and the workplace.  
MATH.8.5E Solve problems involving direct variation. 
 
ELPS 
C1D Speak using learning strategies such as requesting assistance, employing non-verbal cues, and using synonyms 
and circumlocution (conveying ideas by defining or describing when exact English words are not known). 
C2D Monitor understanding of spoken language during classroom instruction and interactions and seek clarification 
as needed. 

http://www.bing.com/videos/search?q=natural+gas+explosion&FORM=HDRSC3
http://www.quirkyscience.com/chemical-explosions/
https://www.khanacademy.org/science/chemistry/chemical-reactions-stoichiometry/v/balancing-chemical-equations
https://www.khanacademy.org/science/chemistry/chemical-reactions-stoichiometry/v/balancing-chemical-equations
http://www.nola.com/traffic/index.ssf/2013/06/gasline_expolsion_reported_in.html
http://www.wisegeek.org/what-does-it-mean-to-be-a-canary-in-a-coal-mine.htm
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CCRS 
Science 
5E1A Create a model of a system and use that model to predict the behavior of a larger system. 
7G2A Construct mole ratios for a reaction to calculate the reactant amounts needed or product amounts formed in 
terms of moles or mass. 
 
Math 
2D1B Understand how variables can be used to express generalizations and represent situations. 
8C1B Convert given information into an appropriate mathematical model. 

 
Cross-Disciplinary 
1E2C Work in small groups to investigate a problem or conduct an experiment. 
2C3AGather information from a variety of relevant sources. 
 

Lesson Objective(s): Students will balance several chemical equations and solve a real world problem. 
 
Essential Understanding: Matter is conserved in a chemical reaction.   
 

Differentiation strategies to meet diverse learner needs: 
Sp. Ed/ELL:  
Students can use the “Combustion in Brief” guide to help them conduct/limit their need to do online research. 
The “Jelly Bean Equations” handout can be shortened to provide students with fewer tasks. 

 
PRE-REQUISITES 
Students will need to have a basic understanding of the law of conservation of matter, what subscripts are and why 
they cannot be changed, what a coefficient is and how it is used, and the basics of chemical reactions. 

 
IDENTIFY NEED 
Students will view a video of a natural gas explosion (Teacher should preview the video selection chosen!) 
http://www.bing.com/videos/search?q=natural+gas+explosion&FORM=HDRSC3 
 
Share with students the following scenario (see the “Washington Parish Blast” handout for more background 
information):  
 
Residents of Franklinton, LA, woke to a natural gas pipeline blast Tuesday morning. Dozens of residents were forced 
from their homes.  It sent a fireball nearly 200 feet into the air and rocked houses for miles around. 

Although no one was injured, the intense fire created a panic. The heat from the burning gas severed power lines 
overhead and caused a power outage that affected thousands. The blaze also torched a nearby trailer, but the person 
inside was unharmed. Federal inspectors are investigating and they need your help to complete their work. 

As a chemist, your specialty is chemical reactions. Because of your expertise, you have been asked by the inspectors to 
help them with the chemistry portion of their final report. The first part of the report will require you to give them a 
balanced equation for the combustion of natural gas. The inspectors would also like you to compare the combustion 
of methane with the combustion of other fuels. So, you have been asked to balance the following equations: 
  

http://www.bing.com/videos/search?q=natural+gas+explosion&FORM=HDRSC3
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Methanol   CH3OH + O2 --> CO2 + H2O 
Gasoline   C8H18 + O2 --> CO2 + H2O 
Hydrogen   H2 + O2 --> H2O 
 
Formative Assessment: 
In their design logs, have students create a KWL chart and fill out the “K” section on what they know about the design 
challenge so far. 

 
RESEARCH THE PROBLEM 
In teams of 2 or 3, have students share their individual “K” columns to discuss the knowns of the design challenge, 
and work together to fill out the “W” section, or what they want (need) to know to solve the problem.  Students 
should then conduct their individual group research based on the topics in this area of the chart. 
 
Differentiation: 
For students that need extra help or scaffolding, the teacher may need to model and suggest relevant questions. 
Variations of 3 possible questions are likely to come up at this time. 
 

Topic One 
“W” Section: What causes chemical explosions? 
Resource: http://www.quirkyscience.com/chemical-explosions/ 
 
Formative Assessment: 
After reviewing the website, students with a partner the factors (and factor intensifier) responsible for 
chemical explosions in their design logs and paraphrase them in the “L” section of their KWL chart 
 
Differentiation: 
For a class experience that may more pointedly draw out the question, What causes chemical explosions?, 
the teacher may want to demonstrate or have the class make sandwich bag explosions with baking soda and 
vinegar. The directions to this teacher demonstration can be found in the “Sandwich Bag Explosion” handout. 
 
Topic Two 
“W” Section: How can we balance the chemical equations? 

Resource: Students will then watch the Khan Academy video on Balancing Chemical Equations to review this 
procedure and to help them with their own equations. 
https://www.khanacademy.org/science/chemistry/chemical-reactions-stoichiometry/v/balancing-chemical-
equations 

 
Formative Assessment: 
After the video, students working with a partner can suggest rules for balancing equations in their design logs 
paraphrase them in the “L” section of their KWL chart. 
 
Other Topics of Importance 
Students should conduct an internet search to 1) learn more about combustion, and natural gas if questions 
about these two topics did not originate organically. The teacher can prompt these topics and then have 
students add these to the “W” section of their KWL chart as well. 
 
Differentiation: 

http://www.quirkyscience.com/chemical-explosions/
https://www.khanacademy.org/science/chemistry/chemical-reactions-stoichiometry/v/balancing-chemical-equations
https://www.khanacademy.org/science/chemistry/chemical-reactions-stoichiometry/v/balancing-chemical-equations
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For struggling students who need a clear and concise explanation of combustion, give them the “Combustion 
in Brief” handout. Capable students, however, should be encouraged to search for this information on their 
own. 
 
Formative Assessment: 
After researching these additional topics, students working with a partner will record important facts in their 
design logs and paraphrase them in the “L” section of their KWL chart. 

 
Differentiation: 
Paraphrasing and encapsulating activities like those required in a KWL chart demand students to be concise. If 
students are demonstrating a need to “stretch” their answers, or are leaving out key information, the teacher may 
choose to have students use two-column notes to summarize information on the research topics and THEN fill in the 
KWL chart as a class based on their notes. 

 
DEVELOP POSSIBLE SOLUTIONS 

Jellybean Equations Activity 
Steps for the Teacher  
1. Provide the “Jelly Bean Equations” practice handout with the Law of Conservation of Matter defined. 
2. The “Balanced Equations Quicknotes” handout should be passed out and explained. 
3. The teacher should emphasize that in order to balance the equations, students must build more of the same kind 

of molecules. They cannot just add single jellybeans. 
4. Once the class has worked through the first equation, partner groups will work on their own as the teacher 

monitors. 
 

(Teacher Note: The class should work through the first problem together. The teacher will explain to the students 
that each toothpick represents a molecule of each compound in the equation. Each element is given a color, and then 
students will put the correct number of each color of jellybeans on the toothpick. (For large compounds, use a 
jellybean to connect two toothpicks together so it shows one molecule.) The molecules are then put on the reaction 
grid, and students begin the process of balancing. An answer key to this activity is included for the teacher.) 

 
Formative Assessment:  
Students will write a paragraph response in their design logs about the advantages and disadvantages of using 
jellybeans to model the equations. 

 
SELECTING THE MOST PROMISING SOLUTION 

Students will then use the information from all of their research to create their balanced equations of the four 
combustible fuels, including methane. 
 

Formative Assessment: 
To check for understanding, have students identify each of the following equations as balanced (B) or not balanced  
(NB) in their design logs. 

_____1. 2HgO + Cl2 → 2HgCl + O2 
_____2. Na + Br2 → 2NaBr 
_____3. AgNO3 + NaCl → AgCl + NaNO3 

 
Next, have students balance the following equations. 

4. C + H2 → CH4 
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5. Mg + O2 → MgO 

 
Differentiation: 
The teacher could have teams use the jelly beans once again to model one or two of the equations above if more 
practice is needed. 

 
CONSTRUCT A PROTOTYPE 
Using jelly beans and the previous directions associated with the jelly bean activity, students will model their 
solutions to the chemical equations of combustion they selected and put them on display in the classroom along with 
the formative assessment that follows. 

 
Formative Assessment: 
A Chemical Equation Poster 
Working in pairs, students will create a poster that visually illustrates the process of balancing 1 of their chemical 
equations (as assigned by the teacher so that all are graphically displayed).  
 
Using their chemical equations and holding a 11 x 17 sheet of paper vertically, each pair of students will: 

1. In large letters, write the balanced chemical equation using the formula of the substance chosen  
2. In large letters, write the balanced chemical equation in words, using their knowledge of naming compounds. 
3. Represent the number of atoms of each element in their depiction. 
4. Show an inventory of the atoms on the reactant side and the product side. 

 
TEST AND EVALUATE PROTOTYPE  
Students will be asked to write an essay to explain the steps they took to come up with their answers, and a rationale 
for why they think each is correct in their design logs. All directions must adequately explain the process and justify 
the answer. 
 
Teacher Background information on the Solution to Problem: Natural gas is mainly methane--a simple compound 
that has a carbon atom surrounded by four hydrogen atoms. Methane is a highly flammable odorless gas. When it 
burns, it leaves behind no ash and very little air pollution. The formula for methane: CH4 
Combustion of methane involves its reaction with oxygen from the air. Heat, light, carbon dioxide and water vapor are 
released. That reaction equation is written: CH4 + O2 --> CO2 + H2O 
 
Extension: 
Have students read about canaries in coal mines and how they served as living detectors of deadly levels of natural 
gas up until the 20th century. Link here: http://www.wisegeek.org/what-does-it-mean-to-be-a-canary-in-a-coal-
mine.htm 
 

COMMUNICATE DESIGN  
Share with students this news report about the possible causes of the Washington Parish Explosion: 
http://www.nola.com/traffic/index.ssf/2013/06/gasline_expolsion_reported_in.html 
 
To communicate their findings for possible inclusion in the final report, students will address a 3" x 5" card to the 
federal inspectors who are involved in the Washington Parish-pipeline explosion investigation. 
The mailing address is: 
Office of Pipeline Safety 

http://www.wisegeek.org/what-does-it-mean-to-be-a-canary-in-a-coal-mine.htm
http://www.wisegeek.org/what-does-it-mean-to-be-a-canary-in-a-coal-mine.htm
http://www.nola.com/traffic/index.ssf/2013/06/gasline_expolsion_reported_in.html
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U.S. Department of Transportation, 
400 Seventh Street, S.W. 
Washington D.C. 20590 
Attention: Washington Parish Pipeline Inspectors 
 
Formative Assessment: 
Students should place their return address in the upper left-hand corner of the card. They will write the four 
balanced equations on the other side of the 3" x 5" card and label each reaction with the name of the substance that 
is burning.  
 
Extension: 
Share the “Pipeline Explosion Article” handout to have students learn more about corrosion and other causes of 
natural gas explosions at the macro level. To tie in current events, have students highlight and discuss how new and 
expanding shale gas exploration may be compounding the problem. 

 
REDESIGN 
Have students redesign their models using their own directions, materials and creativity. For example, students might 
use beads and pipe cleaners, marshmallows and toothpicks, etc., for modeling purposes. 
 
Formative Assessment: 
Give students the following chemical reactions to balance. 
 

1. ___ Na + ___ Cl2  = ___ NaCl                                 initials _____ (Answers- 2, 1, 2) 
 
 

2. ___ Na + ___ H2O  = ___ NaOH + ___ H2            initials _____ (Answers- 2, 2, 2, 1) 
 
 

3. ___ CO + ___ NO  = ___ CO2 + ___ N2                          initials _____ (Answers- 2, 2, 2, 1) 
 
 

4. ___ Fe2O3 + ___ CO  = ___ Fe + ___ CO2             initials _____ (Answers- 1, 3, 2, 3) 
 
 

5. ___ C + ___ Fe2O3  = ___ CO + ___ Fe                  initials _____ (Answers- 3, 1, 3, 2) 
 

Students should create their own 1) material list, 2) set of directions, and 3)) key for balancing the equations and 
record this information in their design logs. 
 
Extension:  
Have another student or team evaluate the work and initial when completed correctly. 
 
Differentiation:  
For struggling students, share the sample below or put the information into a worksheet and assign this specific task. 
 

Sample Task 
Balance Chemical Equations 
 
Sample Materials List 
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Beads 
Pipe cleaners 

                Index cards 
 Sample Procedures 
To balance the equations,  complete the following steps: 

1. Try to balance the equation first.  Then, try to model the equation using beads. 

2. A pipe cleaner should be used to string beads onto to represent formula units or molecules.  Pure elements (atoms) 
DO NOT need a pipe cleaner. 

3. One person should use his/her beads to simulate the left side of the balanced equation on a piece of copier paper, 
and the other person should model the right side on a separate piece of paper.  DO NOT split up molecules/formula 
units!  This is why they are on a pipe cleaner.    

4. Using an index card, draw several (+) and () and cut out to use in your balancing.  

5. Make sure that there are the same number of pieces of each kind and color on each side of the equation. 

6. When you and your partner have completed an equation, have your third team member or the teacher check the 
balanced equation and the bead arrangement to verify that everything is correct. 

 
Sample Key: 

Element Bead Color Quantity Needed 

H white 12 

Cl green 8 

O Red 12 

N purple 8 

C black 8 

Na Yellow 8 

Fe blue 8 
 

 
MATH CONNECTION 

Extension: 
Students might further practice balancing chemical equations using algebra to learn a new strategy that is especially 
helpful for balancing large equations. See handout called, “Chemical Equations Algebra.” 
 
Even if students have not learned Algebra, a step-by-step explanation is included and is useful for students to 
systematically follow the mathematical process of balancing equations. It can be helpful as a frontloading tool of the 
related mathematics to show the close connection between mathematics and science. 

 
 


