
LESSON 3: What other chemical processes could we use to heat up food?
PREVIOUS LESSON We looked at images of an MRE flameless heater that was cut open and saw a list of ingredients inside. Then we did experiments in small groups and as a class

during which we combined ingredients one at a time with water to see which substance was really responsible for heating up. We figured out that magnesium is
the ingredient that heats up when water is added.

THIS LESSON

INVESTIGATION

2 days

In this lesson, we test different chemical processes to determine if any of them cause an increase in temperature
for use in our homemade flameless heater designs. We figure out that root killer and aluminum foil cause the
largest increase when mixed together in saltwater, and we think it may work to heat up our homemade MRE. We
model the transfer of energy out of the system to other systems, like a bag of food, using an LOL energy model.

NEXT LESSON We will define our stakeholders to revise the criteria and define constraints for optimal food temperature, cost of materials, and reasonable weights for the
overall homemade heater. We will use these values to create a Design Matrix to keep track of these ideas during future investigations.

BUILDING TOWARD NGSS

MS-PS1-6, MS-ETS1-2, MS-ETS1-3,
MS-ETS1-4

WHAT STUDENTS WILL DO

3.A Collect data to serve as the basis for evidence (patterns) for choosing a chemical process that releases energy to the food for our homemade
flameless heater.

3.B Develop and use the LOL energy model to determine that adding more reactants in an exothermic chemical process releases more energy
from the system.

WHAT STUDENTS WILL FIGURE OUT

Root killer and aluminum foil mixed together in saltwater caused a large increase in temperature.
Exothermic processes can release energy; these processes feel warm. Endothermic processes absorb energy; these processes feel cold.
Chemical processes can transfer energy to other systems.
The more reactants we use in a chemical process, the greater the temperature change, which corresponds to more energy being
transferred into or out of the system.



Lesson 3 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 5 min NAVIGATION
Consider questions that the class had at the end of Lesson 2 and revisit the
Ideas for Investigations chart to motivate looking at other chemical
processes.

A-E Progress Tracker, “What We Do as Engineers” board, class-level Criteria and
Constraints chart

2 10 min PREPARE TO INVESTIGATE WHICH PROCESSES INCREASE,
DECREASE, OR DO NOT CHANGE IN TEMPERATURE
Prepare to investigate other chemical processes to determine which ones
cause increases, decreases, or no changes in temperature.

F-H Data Table for Chemical Combinations Lab

3 25 min CONDUCT THE CHEMICAL COMBINATIONS LAB
Students work in small groups to measure temperature changes caused by
different chemical processes.

I-K Data Table for Chemical Combinations Lab, Chemical Combinations Lab Instructions,
Class Data for Chemical Combinations Lab, whole-class data table, Chemical
Combinations Lab

4 5 min FIND PATTERNS IN THE DATA FROM OUR INVESTIGATION
Use our class lab data to try to find patterns in the temperature changes in
the different investigations by answering the sensemaking questions.

L Class Data for Chemical Combinations Lab, whole-class data table

End of day 1

5 10 min BUILDING UNDERSTANDINGS DISCUSSION ABOUT OUR CLASS
RESULTS
Use our class data and patterns analysis about temperature change to
figure out which process heats up the most.

M-O Class Data for Chemical Combinations Lab, whole-class data table

6 15 min CO-CONSTRUCT LOL ENERGY MODELS TO TRACK ENERGY FLOW
Co-construct LOL energy models to track energy transfers and help
explain why more reactants led to a greater temperature change.

P-Q Class Data for Chemical Combinations Lab, chart paper

7 5 min CREATE A NEW LOL ENERGY MODEL FOR A DIFFERENT AMOUNT OF
REACTANTS
Work in small groups to model the energy transfer for a different amount
of reactants.

R blank paper

8 15 min PRESENT NEW LOL ENERGY MODELS TO THE CLASS
Share one small group’s LOL energy models with the class.

whole-class LOL energy model

9 5 min NAVIGATE TO THE NEXT LESSON
Update Progress Trackers and think about how to apply this to homemade
flameless heater designs.

S-T Progress Tracker, whole-class LOL energy model

End of day 2



Lesson 3 • Materials List
per student per group per class

Chemical Combinations Lab
materials

disposable gloves
splash goggles

3 8 oz. styrofoam coffee cups
with lids
1 digital thermometer
1 digital scale
1 tray

110 mL of room temperature water
40 mL of room temperature vinegar
400 mL of room temperature saltwater
100 mL of room temperature cabbage juice solution
pieces of 2 steel wool pads soaking in room temperature
vinegar
50 g potassium-based fertilizer (potassium chloride)
16 g shredded aluminum foil
14 g root killer
2 additional 8 oz. styrofoam cups for measuring vinegar and
cabbage juice
18 10 x 10 cm square of folded parchment paper
5 rubber bands
6 plastic spoons
paper towels

Lesson materials science notebook
Progress Tracker
Data Table for Chemical
Combinations Lab
Chemical Combinations Lab
Instructions
Class Data for Chemical
Combinations Lab
blank paper

“What We Do as Engineers” board
class-level Criteria and Constraints chart
whole-class data table
chart paper
whole-class LOL energy model

Materials preparation (90 minutes)
Review teacher guide, slides, and teacher references or keys (if applicable).

Make copies of handouts and ensure sufficient copies of student references, readings, and procedures are available.

Trim handouts to fit science notebooks.

Be sure you have materials ready to add the following words to the Word Wall: “endothermic” and “exothermic.” Do not post these words on the wall until after your class has developed a
shared understanding of their meaning, which will happen throughout day 2.

Watch two videos on the website www.teachersopensciedfieldtest.org/heater for demonstrations of the lab procedures that students will follow on day 1 to measure the temperature changes
caused by different chemical processes.

Watch two videos on www.teachersopensciedfieldtest.org/heater for an example of how to facilitate the LOL Energy Model conversation on day 2. Stepwise example models are included in
the Teacher Guide text.

file:///tmp/www.teachersopensciedfieldtest.org/heater
file:///tmp/www.teachersopensciedfieldtest.org/heater


Day 1: Testing Different Chemical Processes Lab
Group size: form 6 groups of students
Setup:

Since students will be measuring the temperature changes caused by each chemical process, it is critical that all substances and solutions (including water) have fully come
to room temperature. All substances and solutions should be prepared at least a day before students conduct their investigations and allowed to come to room temperature
overnight. A pitcher of water should be set out the day before, since water straight from the tap is often not at room temperature. Likewise, avoid storing substances and
solutions near windows and other HVAC equipment that may be hotter or colder than the rest of the room.
Place one steel wool pad into a container of vinegar labeled “High.” Tear another steel wool pad in half. Place one half into a second container of vinegar labeled “Medium.”
Tear the other half in two so that you now have two quarter pads. Place one quarter pad into a third container of vinegar labeled “Low.” Make sure that the pieces of steel
wool are submerged as much as possible. These only need to soak for 5-10 minutes before use but can be soaked longer. Do not seal the container tightly, as some
hydrogen gas will be generated and can build up pressure. Watch a video on www.teachersopensciedfieldtest.org/heater for a demonstration.
Please note that the steel wool needs to be kept in the vinegar until students are ready to monitor temperature changes for each individual piece. Once the steel wool is
exposed to air, the reaction will begin.
Prepare 100 mL of cabbage juice by adding 0.1 g of powdered cabbage juice extract to a container. Add 100 mL of water to the container and stir to make sure all of the
powdered extract dissolves. Watch a video on www.teachersopensciedfieldtest.org/heater for a demonstration.
Prepare 400 mL of saltwater by adding 2.4 g of table salt to a container. Add 400 mL of water to the container and stir to make sure all of the table salt dissolves. Watch a
video on www.teachersopensciedfieldtest.org/heater for a demonstration.
 Prepare 16 g of shredded aluminum foil by running paper-sized pieces of aluminum foil through a paper
shredder. A crosscut paper shredder is preferred, since it cuts the aluminum into small pieces (~2 cm x 0.5
cm), whereas strip-cut paper shredders produce long strips that will then need to be cut into smaller pieces.
You may need to run a few pieces of aluminum foil through the shredder to remove any paper bits before
you collect foil to use in class. Note: You will need a total of another approximately 146 grams of shredded
foil per class for Lessons 5, 6 and 9, if it would be easier to prepare it all at once now. Watch a video on www.
teachersopensciedfieldtest.org/heater for a demonstration.
Obtain 6 sets of 3 8 oz. styrofoam cups with lids, for a total of 18 cups with lids. Label each set with the
groups (A through F) corresponding to the different chemical processes found in Chemical Combinations Lab
Instructions. Label the 3 cups in each group with “Low,” “Medium,” and “High” (or L, M, and H).
For groups A and B, pour 60 mL of water into each cup. Place the lids securely on the cups.
For group C, place the lids securely on the cups.
For groups D and E, pour 60 mL of saltwater into each cup. Place the lids securely on the cups.
For group F, add the following volumes of water to the different cups then place the lids securely on the
cups:

Low: 50 mL
Medium: 40 mL
High: 20 mL

You are now ready to prepare trays of cups for each group to use in their investigation. Place each set of 3
cups onto a different tray and label the trays A-F. Place a digital thermometer, a rubber band, and some paper towels on each tray. Make sure students have access to a
timer or clock. Add the following to the specified trays:

Trays A and B: a container of ~25.0 g potassium-based fertilizer (potassium chloride), 3 pieces of parchment paper, and 1 plastic spoon.
Tray C: the container of steel wool pieces submerged in vinegar, 2 plastic spoons, and 3 extra paper towels.
Trays D and E: a container of at least 6.5 g of root killer (copper sulfate), a baggie with 8.0 g of small pieces of aluminum foil, 6 pieces of parchment paper, and 1
plastic spoon.
Tray F: a container of at least 40.0 g of prepared cabbage juice, a container of at least 40.0 g of vinegar, and 2 additional styrofoam cups for weighing liquids into.
Optional: 2 disposable pipettes.
Optional: Print out copies of the procedures for each chemical process in Chemical Combinations Lab Instructions and add them to the trays for easy reference by
students.
Optional: If you have more digital thermometers, you can give groups two so that they can collect data from more than one cup at a time by staggering the start
times. For example, after the Low cup is going, students can start the Medium cup using a second thermometer. In this case, the addition of substances to the
Medium cup should coincide with a 30-second time (i.e., 1 minute or 1.5 minutes) for the Low cup.

file:///tmp/www.teachersopensciedfieldtest.org/heater
file:///tmp/www.teachersopensciedfieldtest.org/heater
file:///tmp/www.teachersopensciedfieldtest.org/heater
file:///tmp/www.teachersopensciedfieldtest.org/heater


Safety: Be sure students wear goggles and gloves during this investigation. Be sure to remind students to firmly place lids and gently swirl the styrofoam cups so as to avoid the
escape of liquid from the cups. Follow the precautionary statements provided in the teacher reference Safety Information for Copper Sulfate Pentahydrate in case of accidental
exposure to copper sulfate. Safety information for potassium chloride is not provided, since this is commonly used as low-sodium salt and a nutritional supplement.

Notes for during the lab: Students working with the vinegar-dipped steel wool in air may notice some rotten-egg-like smells when they extract the steel wool from the vinegar and
remove the cup lid after monitoring temperature. The cabbage juice is also rather fragrant. The aluminum foil reactant and the resulting copper in the products have noticeable
metallic smells. These smells are not hazardous in the quantities with which students work.

Disposal: Save any extra saltwater solution for upcoming labs. All root killer and aluminum reaction materials will be used in future labs so make a point not to dispose of any unused
substances. Any remaining water or cabbage juice, as well as the liquids in the styrofoam cups, can be washed down the drain with cold or warm water. Solid wastes (pieces of steel
wool, copper, and aluminum from the root killer and aluminum reaction) can be disposed of in the garbage. Rinse out all styrofoam cups and save for future lessons; although the
styrofoam cups from the processes involving metals will be stained, this should not interfere with the experiments.

Storage: Unused root killer and cut-up aluminum foil can be retained for future lessons. Vinegar, unused steel wool, powdered cabbage juice extract, and potassium-based fertilizer
can be stored on the shelf for next year.



Lesson 3 • Where We Are Going and NOT Going
Where We Are Going

In this lesson students investigate different chemical processes to help determine which will work best for their homemade heaters. They will track the energy transfer into or out of the various
systems involved (the substances themselves, as well as the cup holding them, the air, the thermometer, etc.) to help figure out that the energy from a chemical process could be transferred to
heat up the food in our homemade MRE.

Students will identify that, when the thermometer shows an increase in temperature, energy is transferred to other systems from the system of substances they’re testing. In other words,
energy is being released from that system. For instance, the chemical process system transfers energy to the thermometer, its container, the outside environment, and the food. That’s why
those objects heat up and feel warmer. When the thermometer shows a decrease in temperature, energy is being transferred from the surrounding system to the chemical reaction system.
When energy from the surrounding systems, like the thermometer, is transferred to the chemical process system, a decrease in temperature of the surroundings occurs. Therefore, energy is
actually absorbed into the chemical process system, which might seem counterintuitive to students.

Where We Are NOT Going

The mechanism for why energy transfer occurs in the patterns that it does involves the bonds and bonding energies between atoms in the system of substances that we’re testing. Students
will figure out in high school why these patterns occur because bonds between atoms are beyond the middle-school grade-band endpoint.

Also, there is no need in this unit to label energy in the chemical reaction system as “potential energy”. Thinking about energy as energy without labeling the forms of energy at first has been
shown to be helpful for student’s sensemaking around this crosscutting concept. In OpenSciEd, 8th grade students will have opportunities to think about potential and kinetic energy within
various systems.

In the root killer and aluminum reaction, there are two additional reactions going on besides the 3CuSO  + 2Al → 3Cu + Al (SO )  This lesson does not get into these side reactions, but here
are the explanations for these reactions, in case students are curious about why saltwater is needed or are trying to account for the hydrogen gas. The saltwater is needed to remove an outer
layer of aluminium oxide on the aluminum foil to expose pure aluminium so that the main reaction with the CuSO  can begin. Also, it can be observed that hydrogen gas is simultaneously
released from the reaction when aluminum metal foil is added to CuSO  solution. If the pH of the solution is measured, it is found to be slightly acidic. Therefore, there are free hydrogen ions
in solution, which cause the side reaction of hydrogen ions with the aluminum surface to form hydrogen gas and aluminum ions. Due to the limited concentration of hydrogen ions, this
reaction only consumes a small amount of the aluminum.

This lesson presents the balanced equation for the copper sulfate (root killer) and aluminum reaction because students may want to account for the amount of matter in both the reactants
and products. They should have figured out that matter is conserved during chemical processes from OpenSciEd Unit 7.1: How can we make something new that was not there before? (Bath Bombs
Unit). However, the details of moles and how we balance equations are not covered in this unit.

As students conduct the investigation on day 1, the group working with cabbage juice and vinegar will notice a dramatic color change. In a neutral water solution, the cabbage juice will be a
bluish-purple color but will turn bright pink when the vinegar is poured in. They will be familiar with color as a property used to identify a substance from OpenSciEd Unit 7.1: How can we make
something new that was not there before? (Bath Bombs Unit) and may conclude that the observed color change indicates the formation of a new substance; however, a mechanistic explanation
for why this color change occurs is beyond the scope of this unit.

4 2 4 3.

4
4



5 min

LEARNING PLAN for LESSON 3
1 · NAVIGATION
MATERIALS: science notebook, Progress Tracker, “What We Do as Engineers” board, class-level Criteria and Constraints chart

Recap where we left off in Lesson 2 and revisit the class-level Criteria and Constraints chart. Display slide A. Use the following prompt-
response box and your class-level Criteria and Constraints chart to navigate to the investigation of different chemical processes. If students
are struggling to answer the prompts, have them refer to their Progress Trackers.

Suggested prompts Sample student responses

What did we figure out last time about using the materials in the MRE
flameless heater in our own designs?

They won't work because they’re too expensive, not hot enough, and
not safe.

For our homemade heater, what do we need the chemical process to
do? What are our criteria for it?

To make a homemade flameless heater we need a reaction that will
heat the food, work fast, doesn't cost a lot, is safe to use, and is
available when people need it.

I gathered some things from local places, like the grocery store and the
hardware store. How can we figure out if some of these might work for
our homemade flameless heater?

Let’s test them like we did last time, and see if any of them get hot.

Share images of substances that we are going to use in our investigations. Display slide B. 

Say, One combination of substances we will test is potassium-based fertilizer mixed with water. Potassium-based fertilizer is a substance that people
often add to their gardens to help certain plants grow better.

Display slide C. Say, The next combination is root killer and aluminum foil in saltwater. Root killer is something that can be flushed down toilets
when external sewer pipes have been clogged by tree roots. It kills the roots that have gotten into the pipes but doesn’t get absorbed far enough into
the root system to kill the whole plant. We are going to combine root killer with aluminum foil and saltwater. You all know what those are, right?

Display slide D. Say, Another combination that we will test is cabbage juice and vinegar. The cabbage juice is made from red cabbage that has been
boiled in water. Vinegar is another household substance that you probably have in your kitchen or maybe even in your cleaning supplies.

Finally, we will test (slide E) steel wool that has been soaked in vinegar and then exposed to air. Steel wool is another substance that you may find in
your cleaning supplies; it’s used as a scrubber for removing stuff that might be stuck on objects.



10 min2 · PREPARE TO INVESTIGATE WHICH PROCESSES INCREASE, DECREASE, OR DO NOT CHANGE IN
TEMPERATURE
MATERIALS: science notebook, Data Table for Chemical Combinations Lab

Review safety protocols. Solicit ideas from students for being safe when combining substances. Then display slide F. Review the following
lab protocols and clarify details as needed for your classroom. Recall the following list of safety ideas we used in Lesson 2 and ask students if
they would like to add anything to the list.

Wear goggles and gloves.
Avoid touching your face (so that substances don't get near your nose/mouth).
Move carefully so that we don’t spill anything.
Clean up carefully as directed by your teacher.
Only combine substances and amounts our teacher tells us to so that we don’t accidentally create harmful reactions, explosions,
vapors, etc.

Motivate students’ thinking about how to conduct the investigation and what data to collect.✱ Say, Let’s think about how to conduct this
investigation. Be sure to gather differing opinions about how the amount of substances used will affect the temperature change. Accept all
answers.

Suggested prompts Sample student responses

What is the goal of investigating these chemical processes? To find another process that we can use to heat up food.

So, does the amount of the substance we use matter? It depends on what we are using.

No, I think certain reactions just get hot the same—no matter how
much you use.

Yes! More is better.

✱ SUPPORTING STUDENTS IN
ENGAGING IN PLANNING AND
CARRYING OUT INVESTIGATIONS

The focus of this investigation is for students
to collect data to understand that chemical
processes can be endothermic, exothermic,
or neither, so that they can use an optimal
process for their homemade flameless
heater design. The planning portion of the
investigation should flow quickly so that
students have time to conduct all of the
trials. Many variables don’t need to be
decided by students but simply recalled
from previous labs.



ADDITIONAL
GUIDANCE We are calling all of these investigations chemical processes. The

reason is because students will not take the time to distinguish
whether or not each process is a chemical reaction. Therefore,
we use the umbrella term “chemical processes” and focus on
the work of identifying which processes transfer energy into or
out of the system. Refer to the poster from Bath Bombs Unit,
also shown here:

Give students a minute to turn and talk with a partner and then go public with the following question.

Suggested prompt Sample student response

So how could we test this in our investigations? We could try different amounts of the substances to see if adding
more or less makes a difference.

We could add more and more reactants to see what happens.

Make a prediction in their science notebooks. Show slide G. Say, For a process that heats up, if we used MORE substances, would we get more
heat, less heat, or the same amount of heat?

Co-create a public record of the data we want to collect. Say, So we’ve decided we want to investigate all of these chemical processes. We’ve got
a lot of things we want to test, so why don’t we divide and conquer with a jigsaw? We want to share our results, so we need to follow the same
protocols. What types of data should we collect in our investigations?



Record the data on chart paper as students suggest it. The minimum data that should be collected is as follows:
amount of each substance (grams)
starting temperature of substances (℃)
temperature every 30 seconds for 5 minutes (℃)
temperature change from starting to max or min temp (Δ℃)
observations, such as any color changes, odors, touch, sounds

Prepare science notebooks to collect small-group data and assign chemical processes to groups. Show slide H. Hand out Data Table for
Chemical Combinations Lab and have students tape their data tables into their science notebooks. Use the slide to help students navigate
how to fill in Data Table for Chemical Combinations Lab. As they conduct the investigation, students will collaborate on this data table as they
collect temperature data over time for different amounts of substances (Low, Medium, High). Point out to students that they will need to
collect data every 30 seconds for each amount of substances for a total of 5 minutes, so they will need to work together efficiently.

COLLABORATION Universal Design for Learning: Remember that you will be creating design teams in Lesson 6 that will work
together for the remainder of the unit. It may be helpful in this lesson to group students differently than in
Lesson 2 to gain additional insight on who works well together. Then you can use those observations to inform
intentional groupings when you are creating design teams. To support student engagement, consider grouping
students of different genders, math abilities, and personalities.

Supporting Emergent Multilinguals: You might also intentionally group emerging multilingual students with
certain peers who know the same languages or with peers whose English language development is slightly
more advanced.

ADDITIONAL
GUIDANCE

The lesson is written as having six groups of students investigate four different chemical processes (see slide H).
If you have fewer students and fewer groups, be sure to have at least two groups investigate root killer and
aluminum foil in saltwater, since this is the reaction that students will use in their designs, and we want to be
sure we have accurate data to justify moving forward.

Give other management directions and reminders as needed, specific to your classroom.



25 min3 · CONDUCT THE CHEMICAL COMBINATIONS LAB
MATERIALS: Chemical Combinations Lab, science notebook, Data Table for Chemical Combinations Lab, Chemical Combinations Lab Instructions, Class Data for Chemical Combinations Lab,
whole-class data table

Share instructions for the chemical combinations lab and discuss placement of the thermometer in liquids. Ask students to refer to
Chemical Combinations Lab Instructions for procedures to follow for their assigned group. Explain to students that all groups will use the same
lab equipment. Display slide I and ask students to refer to these photos in Chemical Combinations Lab Instructions as you point out what they
will be using (styrofoam cups with lids and digital thermometers). Specifically point out that groups with chemical processes involving liquids
(all but the steel wool group) should pay special attention to where the thermometer tip sits in the liquid, as shown on slide I. Instructions
about the placement of the thermometer in the liquids are also included in the procedures for those chemical processes.

Point out the different experimental procedures and the roles. Tell students that there are different procedures to follow in Chemical
Combinations Lab Instructions for the different chemical processes. Ask them to turn to the section for their group's process as they conduct
the investigation. Display slide J, point out the table of roles for group members in each process' procedure, and emphasize that each role is
responsible for a task at different times. Say, If you don't have a task at any given moment, you can record the data in your own notebook and help
clean up. Let students know that different processes have slightly different roles and that each group member should adopt a role and record
it on Data Table for Chemical Combinations Lab in their science notebooks.✱

Review material retrieval, weighing, and cleanup procedures for your classroom. Say, Each group’s tray contains all of the equipment and
substances that your group will need. Provide instruction around using the digital scales to weigh out substances specific to your classroom.
Give other management directions and reminders as needed, specific to your classroom.

Carry out the investigation. Allow about 20 minutes for students to conduct their investigations. Circulate to hear what students are
noticing and take note of how students work together to inform the creation of design teams in Lesson 6. Make sure that students are

using any free time to copy the temperature data collected by the Data Recorder into their own science notebooks. Sample data is provided
in Sample Temperature vs. Time Data for your reference.

ALTERNATE
ACTIVITY

Students may notice that there are a lot of bubbles on the steel wool when it is submerged in vinegar. Vinegar is
used to clean the surface of the steel wool by removing oils left on it after manufacturing. Iron in the freshly
cleaned steel surface slowly starts to react with vinegar to produce hydrogen. As an extension activity, students
can collect some of the gas and conduct a flammability test as in OpenSciEd Unit 7.1: How can we make
something new that was not there before? (Bath Bombs Unit).

The root killer and aluminum foil in saltwater reaction also produces small hydrogen bubbles due to the sodium
chloride disrupting the oxide layer on the foil; though, this may not be noticeable since it will occur inside of the
closed cup. Therefore, this reaction could also be subject to a flammability test.

The student reference Some Common Gases can be used with students to help facilitate the flammability tests.

Have a discussion with students about the safety guidelines that we should have in place for the
hydrogen gas that is generated by these processes. Guidelines should include the use of vented

containers to avoid the build up of pressure and the elimination of potential ignition sources like sparks and
flames. The amounts of hydrogen generated by these processes do not pose an inhalation hazard.

✱ ATTENDING TO EQUITY

Universal Design for Learning: Assigning
roles allows for clear, tangible ways to
actively participate and can lead to more
equal participation for all students, which
supports student engagement. Roles can be
assigned with special attention to student
learning styles or strengths to increase
student confidence. Roles should be clearly
defined and include meaningful
responsibilities essential to the task.

In this part of the lesson the suggested roles
are responsibilities to ensure the lab gets
completed with reliable data and within the
allotted amount of time. There are three
different amounts of substances each group
will be testing and only one thermometer
and scale per group. For this reason, the
suggested roles at this moment are to help
the group manage their work flow, rather
than intellectual roles such as idea connector
or evidence wrangler. However, using
intellectual roles is encouraged during
sensemaking sections of the lesson and
throughout the unit.



ADDITIONAL
GUIDANCE

When students take the lid off of the cup containing the vinegar-soaked steel wool exposed to air, they will
probably notice a sulfury odor like rotten eggs. Steel wool can contain sulfur as an impurity, and vinegar often
has sulfur-containing substances as preservatives. These substances can react to generate low levels of
hydrogen sulfide gas, which can be detected by our noses at very low levels.

ASSESSMENT
OPPORTUNITY

Building towards: 3.A.1 Collect data to serve as the basis for evidence (patterns) for choosing a chemical
process that releases energy to the food for our homemade flameless heater.

What to look for/listen for:
Students work effectively as a team to measure and record temperature data vs. time by staying
focused on their roles.
Students calculate the maximum temperature changes for each amount of substances in their group’s
chemical process and report the appropriate sign (+ or - to indicate that the process caused an
increase in temperature or a decrease).
All groups, except those with cabbage juice and vinegar, identify the pattern that the magnitude of the
temperature change increases as the amount of substances increases. The cabbage juice and vinegar
group identifies that very little temperature change occurred regardless of the amounts of substances.

What to do:
Remind students to take responsibility for their group roles and to support others as needed once
their tasks are complete.
If students are struggling to determine the maximum temperature change for the process that causes
a temperature decrease and has a negative value (potassium-based fertilizer in water), have them
create a number line to see that temperature changes can occur in either direction.

Have small groups transfer their data to the handout. As small groups are finishing their
investigations, hand out Class Data for Chemical Combinations Lab and ask students to complete the
rows for their group’s chemical process. Point out that Class Data for Chemical Combinations Lab
provides instructions on how to determine the maximum temperature change. This will be a negative
number (indicating a decrease in temperature) for groups investigating potassium-based fertilizer in
water. Provide additional support to those groups as needed.



Jigsaw data from small groups into a class data chart. Display slide
K and enter class data directly into the whole-class data table as
each small group shares out their data.

You could also create the whole-class data table on a whiteboard
or chart paper. Ask students to add data to their own copy Class
Data for Chemical Combinations Lab as groups share out.

An example completed whole-class data table is shown.



5 min4 · FIND PATTERNS IN THE DATA FROM OUR INVESTIGATION
MATERIALS: science notebook, Class Data for Chemical Combinations Lab, whole-class data table

Answer sensemaking questions at the end of Class Data for Chemical Combinations Lab in small groups. Ensure that students have
recorded all of the class data on their individual copy of Class Data for Chemical Combinations Lab, including the largest temperature

change for each of the three tests for each chemical process.

Show slide L. Ask students to answer the questions at the end of Class Data for Chemical Combinations Lab in small groups. If needed, read
the questions aloud and instruct students to work through the questions in groups of 2 to 3.

1. Which chemical processes caused an increase in temperature?
2. Which process do you think is the best candidate for trying in our homemade flameless heater? Why do you think that?
3. Think back to what we learned in the Cup Design Unit. What happens to particles when the temperature increases? You can use

words and/or pictures to explain your thinking.
4. What happened to the temperature when we added more reactants?

ASSESSMENT
OPPORTUNITY

Building towards: 3.A.2 Collect data to serve as the basis for evidence (patterns) for choosing a chemical
process that releases energy to the food for our homemade flameless heater.

What to look for/listen for: Students propose moving forward with the root killer and aluminum foil in
saltwater process as the best candidate for trying in their homemade flameless heater because it causes the
greatest temperature increase.

What to do: If students are having a hard time deciding which exothermic (warming) process with which to
move forward, ask them to consider the weight of the solid substances in addition to the maximum
temperature change. The root killer and aluminum process causes a larger temperature increase for a lower
weight of solid reactants.

HOME LEARNING
OPPORTUNITY

Instruct students to finish identifying patterns and answering sensemaking questions on Class Data for Chemical
Combinations Lab. Make sure that all students have the entire set of class data and the sensemaking questions
available so that they can analyze the results as a whole.

End of day 1



10 min5 · BUILDING UNDERSTANDINGS DISCUSSION ABOUT OUR CLASS RESULTS
MATERIALS: science notebook, Class Data for Chemical Combinations Lab, whole-class data table

Lead a Building Understandings Discussion starting with our class results. Show slide M and have students pull out their science notebooks
and answers to the sensemaking questions on Class Data for Chemical Combinations Lab. Ask students to look at their responses for the
sensemaking questions on the handout. While reviewing the handout, remind students that they can always revise their answers with new
ideas.

KEY IDEAS Purpose of this discussion: Share out the patterns found in the whole-class data and that some processes
caused an increase in temperature, some caused a decrease, and some didn’t really have a temperature change.
This leads us to choose the root killer and aluminum foil in saltwater process because it resulted in the largest
temperature increase. Once we learn about what root killer and aluminum are, we start thinking about how the
increase in temperature happened and where the energy is flowing—which we will focus on in our LOL
diagrams.

Listen for these ideas:
Some combinations didn’t heat up at all. The potassium-based fertilizer in water actually got cold!
Some chemical processes caused an increase in temperature, some caused a temperature decrease,
and some stayed the same.
When root killer and aluminum reacted, they caused a temperature increase.
We think the root killer and aluminum foil in saltwater is the best reaction to use because it caused a
greater temperature increase than the vinegar-dipped steel wool and air, and we can get root killer
and aluminum foil pretty easily from a grocery or hardware store, so that will be good for a
homemade MRE.

Add these words to the Word Wall:
endothermic
exothermic

Start the discussion by reviewing what happened to the temperature in each of the chemical processes. Then add definitions of endothermic
and exothermic reactions to the Word Wall. (See the Equity callout for examples.)✱

1. Which chemical processes caused an increase in temperature?
2. Which reaction do you think is the best candidate for trying in our homemade flameless heater? Why do you think that?

Use the following prompts to guide this discussion.

Suggested prompts Sample student responses Follow-up questions

What happened to the temperature in each
of the chemical processes?

For example, if we touched the side of the
cup, did it feel warmer, colder, or stay the
same?

The steel wool in vinegar + air and root killer
+ foil felt warmer.

The cabbage juice + vinegar felt a little bit
warmer at the beginning but then felt the
same.

The fertilizer + water one felt really cold.

✱ ATTENDING TO EQUITY

Supporting emergent multilinguals: When
new scientific words, like “exothermic,” are
introduced, it can be helpful for emergent
multilingual students to see a representation
of the new term in multiple ways. For
example, students can (1) write the term, (2)
draw a representation of the term, (3) use
their own words to write an explanation for
what the term means, and (4) use the new
term in a sentence.

This would be a good time to add
“endothermic” and “exothermic” to the Word
Wall as they emerge in the discussion. Later
in this lesson, we will figure out how energy
is connected to these processes, so refrain
from adding that these processes release or
absorb energy at this time. See the example
Word Wall cards shown below.



Suggested prompts Sample student responses Follow-up questions

Scientists have some words for when a
process causes a temperature change. Could
someone remind me what the two
temperature changes were again?

One is like in the root killer and foil cup,
where when we combined them they felt
warmer.

The other is like the fertilizer cup, where it
was mixed with water and felt colder.

OK, great. Scientists call the one that feels
warmer an “exothermic” process and the one
that feels cooler an “endothermic” process.
Could I have two volunteers summarize these
two words and add them to our Word Wall?

So, now that we have some terms to use,
which process do we think is the best
candidate for trying in our homemade
flameless heater? Why do you think that?

We think that the root killer and aluminum
foil in saltwater process is the best candidate.
We think this because it got 18.2 degrees
warmer.

The root killer one had the largest
temperature change, so we think that’s the
one to use.

OK, let’s try using our new scientific terms. Is
this process endothermic? Exothermic?
Neither?

Say, One of the things we wanted to make sure of is that whatever chemical process we move forward with to use in our heaters is safe
enough for people to work with. So let’s think about the safety of the root killer and aluminum reaction. Groups D and E mixed saltwater,

aluminum foil and root killer in the cup. We use aluminum, salt, and water all the time, so those should be OK. Root killer is less common and the
label has warnings about getting it on your skin, in your eyes, or swallowing it, so those are things we need to pay attention to. But it is made for
people to put down their drains and can be purchased at local hardware stores without special restrictions. So everyday people are already using it.

Update individual Progress Trackers. Slide N is provided for reference, but there is no need to project it. Say, Over the past class period, we did
something else that engineers do. Take out your science notebooks and turn to your Progress Trackers. What did we do as engineers? And how did
what we figured out help us with our homemade flameless heater design?

Have students work together to record their response in their individual Progress Trackers. See an example Progress Tracker below, including
possible student responses.

What did we do as engineers? What did we figure out that can help us with our designs?

We systematically tested parts of our design
solution.

We figured out that we will use root killer and aluminum foil in saltwater
in our homemade flameless heaters.
This process worked best because it caused the greatest temperature
increase compared to the other processes we tried, and the ingredients
are easy to obtain.

Summarize what we’ve talked about, and motivate a discussion about the chemical reaction. Say, So we’ve decided that the root killer and
aluminum foil in saltwater process is what we want to try for our homemade flameless heater.



Suggested prompts Sample student responses Follow-up questions

We talked a bit about the safety of the
reactants, but are the reactants the only
substances involved in this chemical
reaction? Do the root killer, aluminum foil
and saltwater stay as root killer, aluminum,
salt, and water?

No! It’s a chemical reaction so new
substances are made after the atoms
rearrange.

Do we know what those new substances are?

Say, So we should probably figure out what the products of the reaction are so we can find out if they pose any hazards. Additionally, I’ve heard some
of you wondering, what is root killer made up of? What is really going on with this process between it and aluminum foil?

Discuss the chemical reaction happening with the root killer. Show slide O or write the chemical equation on the board or chart paper:

3CuSO  + 2Al → 3Cu + Al (SO )

ADDITIONAL
GUIDANCE

Taking the time to consider this chemical equation is a helpful connection back to the Bath Bombs Unit for
students as they account for how the atoms rearrange in this reaction and confirm that matter is conserved.
Students are not expected to balance chemical equations, as that is beyond the scope of the middle-school
grade band.

Say, When I look at the label on the root killer, it tells me that it’s copper sulfate (point at or write out 3 CuSO ). It's a substance that we can get at
the hardware store to flush down toilets to kill tree roots in our sewer pipes. This is the chemical reaction that occurs when root killer and aluminum
foil are mixed together in saltwater (point at the rest of the chemical reaction). Remember, the reason we have to use saltwater is to remove an
outer layer on the aluminum foil so that the process will happen.

ADDITIONAL
GUIDANCE

Technically, the root killer container might indicate that it contains copper sulfate pentahydrate (CuSO ·5H O).
Copper sulfate is a type of salt known as a hydrate, wherein the five water molecules are part of the copper
sulfate crystals. As the crystals dissolve in water, the five water molecules become part of the solution and are
indistinguishable from the other water molecules. The molecules that participate in the actual reaction are
indicated in the chemical equation that is shared with students.

4 2 4 3
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Use the following prompts to conduct a discussion about the pieces of the chemical equation. Students should be familiar with this format
from Bath Bombs Unit.

Suggested prompts Sample student responses

Let’s remember what’s going on when we write down a chemical
reaction like this—I think some labels would help us. What labels can
we use for all of these molecules over here that we start with, and
everything over here that we end with after the reaction?

The molecules we end with are called products, and the molecules we
start with are called reactants.

And here by this arrow in the middle—what is going on with the
molecules during the chemical reaction?

The atoms in those reactant molecules are splitting up and
rearranging to form the products.

Look at the formula for the copper sulfate in this reaction. What does
the little 4 mean?

It’s after the O for oxygen, so that little 4 means that there are 4
atoms of oxygen in each molecule of that substance.

OK. The Cu is copper and the S is sulfur, but they don’t have little
numbers after them—so what does that mean?

If there’s no little number after the atom, it means that there’s just one
of them in that molecule. So there’s just one copper atom and one
sulfur atom in each molecule of that substance.

Copper is one of the reaction products. What kinds of things is copper
used for? Based on its uses, do you think it is hazardous?

Copper is used in jewelry, pots and pans, and even pennies. We don’t
think it is very hazardous.

The other reaction product is aluminum sulfate (Al (SO ) ). It is
commonly used for water purification and can be found in deodorants
and baking powder. Would it be used in these things if it was very
hazardous?

Probably not. We should still make sure it doesn’t get in our food.

How do we feel? Does anyone have any other questions about this
reaction?

If there are no questions, or it appears students feel confident with
what the chemical equation is showing in terms of atoms, continue
with the lesson. If students have a lot of questions/confusion, continue
discussing with the alternate activity suggested in the callout below.

2 4 3



ALTERNATE
ACTIVITY

If students need further support in understanding the chemical equation and how it helps show that the atoms
we start with are the same as the atoms at the end, (they are just rearranged), you can connect back to the key
ideas from Bath Bombs Unit and continue the discussion. Start with reminding them of the Key Model Ideas
poster from Bath Bombs Unit. Bring out the Key Model Ideas poster if you still have it in your classroom. If
students are confused, then break down every atom in this chemical reaction, 3CuSO  + 2Al → 3Cu + Al (SO ) .
In Bath Bombs Unit students did not see a chemical equation that used parentheses, so that may be a point of
confusion that arises and needs to be clarified.

Below are some suggested prompts for that extended conversation.

Suggested prompts Sample student responses

OK, so look at the Al for aluminum—how many
aluminum atoms are there in reactants?

There are two aluminum atoms because they’re by
themselves (no little number), but there’s a big 2 to
show that there are 2 of them.

Cool. So let’s look at the products side. How many
copper atoms do we have in our products?

There’s no little number, just a big 3, so that’s 3
atoms of copper.

Hmmmm…but we only had one copper atom in
each molecule of copper sulfate in our reactants,
so where did the three atoms of copper come from
in the products?

There is only one copper atom per molecule, but
we had three molecules of copper sulfate in our
reactants, so that’s where the three atoms came
from—one from each molecule.

OK, so let’s see if we can figure out where the
atoms came from in this other product—Al (SO )
—I can see where the 2 aluminum atoms are, but
what do you think is going on with these
parentheses?

It could be like parentheses in math that say “do
this first” for what’s inside of them. So I think it’s like
there are 3 of those SO s, so that would be 3
sulfur atoms, and 3 times 4 oxygen atoms, so 12
oxygen atoms.

Yeah, and that matches up with the reactants
because we had 3 of those molecules with the SO
to start with, too; so that’s the 3 sulfur atoms and 3
times 4 oxygen atoms again.

So, we can account for all of these atoms, then,
right? We can see how they all got rearranged in
this reaction? Which key model idea helped us
figure this out?

In a chemical reaction, the amount of matter at
the beginning (in the reactants) is the same
amount of matter at the end of the reaction (in the
products). This is because all of the atoms we
started with are still there. No new atoms can
appear that weren’t there to start with.

4 2 4 3
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15 min6 · CO-CONSTRUCT LOL ENERGY MODELS TO TRACK ENERGY FLOW
MATERIALS: Class Data for Chemical Combinations Lab, chart paper

Gather in a Engineers Circle to revisit results of increasing the reactants to motivate the need to track the energy in and out of the
systems. Display slide P. Now that students understand the molecules involved in the copper sulfate and aluminum reaction, help them shift
to thinking about what is happening with the energy during an exothermic reaction.✱

Suggested prompts Sample student responses

Let’s think back to our test results again and focus on the copper
sulfate + aluminum investigation. When we compare what happened
with 1.0 g of reactants versus 3.0 g, what pattern did we see with the
temperature when we tested more reactants?

When we used more reactants, we saw a greater temperature change.

When we had more aluminum foil and copper sulfate, we saw the
temperature go up higher.

Interesting. So more reactants heated up the thermometer more, so we
saw those higher temperatures. In Lesson 2 we recalled how a
thermometer detects a temperature change. What is happening to the
energy when the number on our thermometer goes up?

When the number on the thermometer goes up, more energy is being
transferred to it.

OK, so when a thermometer heats up, more energy is being transferred
to it. And do we agree that this would be true for other objects around
the 1.0 and 3.0 systems? Like our hands holding the cup and the air
surrounding the cup were heating up because energy is being
transferred to them, right?

Yeah, that makes sense.

Let’s remember: What’s happening to particles when they heat up?
(Look back at your handout if that’s helpful.)

We know from Cup Design Unit that particles move faster when they
heat up.

And they move faster because they have more energy.

So then, if all of this is true, then which system should have more
energy coming out of it? The 1.0-g system or the 3.0-g system?

So, if the 3.0-g system heated up the thermometer and other things
more, then more energy must have come out of the 3.0-g system
compared to the 1.0-g system.

But all of our substances in the 1.0-g and 3.0-g setups started at the
same temperature, right?

Right.

And we know that because of what evidence? Our thermometers in the 1.0 g and 3.0 g cups started at the same
temperature (or very close to each other).

So, if the 1.0-g and the 3.0-g systems started at the same
temperature, then why did more energy come out of the 3.0-g system?

We’re not sure!

✱ SUPPORTING STUDENTS IN
DEVELOPING AND USING SYSTEMS
AND SYSTEM MODELS

It’s important to make students aware of the
crosscutting concepts they use in the same
manner and to the same degree that
students learn about and use disciplinary
core ideas and science and engineering
practice. In this instance, articulating the
important parts of the system and how the
parts interact is useful for students to help
them identify which parts to test and
manipulate through investigations.



Begin a model to track the energy transfer between these systems. Direct students’ attention to the board or new chart paper. Say, OK, so
let’s start a model here to help us make sense of this. When scientists and engineers are trying to figure something out, they often think about the
systems involved. They identify the parts of the systems and how those parts work together. We’ve done this in previous units, too, to help us in our
thinking. So let’s start this model with our setup of 1.0 gram of substances in the cup as our first system.✱

ADDITIONAL
GUIDANCE

The model students co-construct to track the energy transfer between systems is called an LOL energy model
because the model looks like the letters LOL. The Ls represent axes for graphs showing the energy within the
system before and after the chemical reaction takes place, and the O represents the system of substances in
the chemical reaction.

Say, In our tests, we saw evidence that things outside of the 1.0-g system were heating up, right? The thermometer, the cup itself, our hands, and the
air nearby…so I’m going to make note of those here on our model as their own systems.
Say, We said the particles in these other systems got moving faster when they heated up.

Suggested prompt Sample student response

Remind me, what happens to the energy when these other systems like
our hands and the thermometer heat up?

They heat up because energy is being transferred to them.

Say, So let’s show that with an arrow—the energy is leaving this system and being
transferred to these other systems.

✱ SUPPORTING STUDENTS IN
DEVELOPING AND USING SYSTEMS
AND SYSTEM MODELS

We are intentionally avoiding representing
that the energy in the system at the
beginning is in the actual substances
themselves. A certain amount of energy
exists in the system because of the
components, relationship, and orientation
between the components within a system.



Say, Now let’s compare this to the 3.0-g system because we wanted to figure out why
more reactants caused a greater temperature increase and, thus, more energy. Our
question is: “How could MORE energy leave the 3.0-g system, even though they both
started at the same temperature?” So let’s draw a second circle here for our 3.0 g of
substances system, so we can compare them while we figure this out. Let’s also be sure
these systems are labeled so that we know which is which.

(Add the question: “Why do more reactants transfer more energy?”)

Suggested prompts Sample student responses

If this arrow (refer to the arrow leaving the system in the 1.0-g
scenario) represents the amount of energy that came out of the
system to heat up the thermometer, then should there be more or less
energy coming out of the 3.0-g system? Why do you think that?

There should be more energy coming out of the 3.0-g system because
it heated up the thermometer more—the temperature increased more
in that system.

How could we show that the 3.0-g system was transferring more
energy to the thermometer, the cup, etc.?

Maybe we could write the words “more energy transfer”?

We could draw a bigger/thicker arrow coming out to show more
energy being transferred to those other systems.



Say, OK, let’s be sure we understand what our model is showing right now.

Suggested prompts Sample student responses

Which system felt warmer, the 1.0 gram or the 3.0 grams of our
substances?

The 3.0-gram system felt hotter.

What does that mean for the amount of energy coming out of that
system compared to the system of 1.0 gram?

It felt warmer because there was more energy coming out of the
system and being transferred to the cup, our hands, and the
thermometer.

What evidence did we have that more energy was being transferred
out of that system?

We measured a larger temperature change in the system of 3.0 grams
than 1.0 gram of substances.

OK, so inside these circles of our 1.0 g and 3.0 g systems, we’ve got a
chemical reaction happening. What’s going on with those substances
during a chemical reaction? What’s happening with the substances in
these cups?

Molecules are breaking apart, and atoms are rearranging.

(Write this phrase in the centers of both circles).



Transition the conversation to the beginning of the reaction. Use prompts, such
as the ones below, to shift the students’ thinking to the reactants side of our
model.

Suggested prompts Sample student responses

Did we add any energy to this system? Like did we hold it under a
lamp? Did we add electricity? Fire?

No.

OK, so what DID we have in our system? What did we put inside that
cup?

Root killer and aluminum foil.

CuSO and Al for short.4 



Draw a large “L” to the left of each system’s circle to show the “reactants” side
of the root killer and aluminum foil reaction. Write “CuSO + Al” on the left side
of the chart under each “L;” this will be the x-axis.

Give students one minute to turn and talk with a partner. Display slide Q. Say, OK, I used the chemical formulas because that fits better on the
chart. Let’s recall, did we add any energy to this system? (Student response-No!) If that’s all we start with and if that’s all we have in our system, and
we’re not adding any other energy, then where must the energy have come from? Turn and talk with a partner about that.

Suggested prompt Sample student response

If we haven’t added any energy to the system and our system only
contains these components, then where must the energy have come
from?

The energy must have come from the system itself, it must have been
there to start with if nothing else was added.

Say, I heard you saying all of the energy we’re getting out must have come from this system itself. The energy had to have been in the system already
to start with. The amount of energy we got out here (refer to the center circle) came from the energy within the system right before the chemical
reaction has started (refer to the “L” on the left).

4 



Suggested prompts Sample student responses Follow-up questions

I heard some of you say that it must have
come from the reactants, but if each
substance was in a separate cup, would we
get any energy out of those systems?

No! Does the foil or root killer heat up when it's by
itself? So it’s not the reactants themselves
that have energy on their own, it’s the system
of reactants and their relationship to each
other that has some amount of energy in the
beginning.

Label the y-axis for each “L” as “Energy within the system (at the start).”

Model the energy in both of the 1.0-g and 3.0-g systems from the beginning.
Say, OK, so some amount of energy was already in the 1.0-g system. Let’s show that
with bars, like a simple graph. I’m just going to pick a number of boxes to represent
that amount of energy we had to begin with. Here: For the 1.0 gram of reactants, let’s
use 4 bars. I could have picked 3 bars, or I could have picked 5 bars. It doesn't really
matter. I’m just picking an arbitrary number here to represent the energy in this system
at the start, right before the molecules begin breaking apart and rearranging.

Draw 4 bars on the “L” for 1.0 gram of reactants, then use the prompts that follow
to discuss the 3.0-gram system’s energy.

Suggested prompts Sample student responses Follow-up questions

So here for our system of 3.0 grams, should
we begin with more or less than 4 bars?

It should have more than 4 bars.

It should have the same amount of bars.

If kids think it should have the same amount
of bars, ask the following:

If MORE energy comes out of the 3.0-g
system, and that energy has to come from
somewhere else (can’t just be generated from
nothing), then what must be true for the
energy we have to start with?



Suggested prompts Sample student responses Follow-up questions

Why? How do you know? That system has more energy—more energy
left the system, so there must have been
more energy there to start with.

Draw 7 bars on the “L” for 3.0 grams of reactants, as shown here.

Say, I’m drawing 7 bars because it does need to be more than 4, but I could have
drawn 6 or 8. The exact number isn’t important. We just want to show the relative
amount of energy that must have been in the system to start with. Then, during the
chemical reaction, the energy gets transferred to these other systems (refer to the
thermometer system and others). Let’s use bars to show that, too.

Draw energy bars on the arrows to represent the energy leaving the 1.0- and 3.0-
gram systems.

Say, In this case, how the energy got into the system to begin with is different than we
might be used to seeing, like in the Cup Design Unit unit. We might be used to thinking
that the only way for more energy to exist in a system is to add energy to it, such as
with fire or electricity.

Use these prompts below if you think your class needs more time to process
energy in chemical reactions compared to other ways to transfer energy into our
out of systems.

Suggested prompt Sample student response

Can someone restate how we are able to have more energy at the
start in the 3.0g system compared to the 1.0g system?

The system of reactants and their relationship to each other when
they are put together has a certain amount of energy. And when there
are more of those substances put together in the system, more energy
is able to be transferred out of that system.

How is this different from adding energy to the system in ways we’ve
thought about before?

The way to add more energy in this case is to add more components
or substances to the system. The energy to start with is there already.
You don't need to add any more energy with fire, light, or electricity
etc.



ADDITIONAL
GUIDANCE

The purpose of the energy bars used in these diagrams is to help students compare the relative amounts of
energy in each system of more or less reactants and to begin setting a foundation for their understanding of
conservation of energy. The exact number of energy bars chosen for each model is arbitrary, other than that
there are more energy bars to represent more energy in the system and more energy leaving the system when
there are more reactants. Students will make LOL energy models in small groups during the next step, so it's
important that they know the specific number of energy bars chosen is not directly related to the measurement
of reactants in the system but is a random number to help show the relative amount of energy transferred
between systems. At this grade band, students recognize that, when energy is transferred away from one
system, it is transferred to another system. However, deeper understanding of the conservation of energy is
beyond the middle-school grade band.

Model the energy remaining in the system after the reaction. Draw another “L”
on the right side of each system’s “O.” Label the y-axis for each graph: “Energy
within the system (at the end).”

Say, So we know some energy leaves the system of our combined substances and
transfers to these other systems. Let’s think about what’s left in our systems after the
reaction. Take a look at the number of energy bars we started with and the number of
energy bars that we said were transferred out of each system.

Suggested prompts Sample student responses

In the 1.0-g system, if we started with four and three left the system,
how many are left over?

One energy bar is left over.

What about the 3.0-g system? Two energy bars are left over.



Draw the appropriate amount of energy bars on both of the right “Ls.”

Say, But what is in this system now that the reaction is finished? Look back at that equation we had for this reaction. Our reactants were copper
sulfate and aluminum.

Suggested prompt Sample student response

After those molecules break apart and rearrange, what are the
products?

Aluminum sulfate and copper.

Label the x-axis for each of the right-side “Ls” as Cu + Al (SO ) , and label “reactants” and “products” as shown here.

Say, Our question was: “Why do more reactants transfer more energy?” Now that we
have used this model to help figure that out, what’s our answer to that question? When
we start with more reactants, there is more energy in the system to start with, so more
can be transferred out.

Say, I’m not sure if you noticed this, but the two graphs look like the letter L to me, and
the center circle could be an O, so we can call these LOL energy models. We’ll keep
using them to help us track how energy is being transferred between systems.

ALTERNATE
ACTIVITY

If students have a lot of questions about the endothermic fertilizer process, have them try to complete an LOL
for that. The center circle would stay the same, but the energy arrow would be moving in and labeled energy
being transferred in from the environment (surroundings). The products will have more energy in the system
than the reactants. Accounting for the energy transferred between systems is the most important part.

2 4 3



5 min7 · CREATE A NEW LOL ENERGY MODEL FOR A DIFFERENT AMOUNT OF REACTANTS
MATERIALS: blank paper

Assign student pairs to create their own LOL diagram. Display slide R.

Say, What if we increased the amount of reactants in our system? What if our system had 5 grams each of copper sulfate and aluminum? Work with
your partner to create a new LOL energy model on blank paper (or in your science notebook). Be ready to share your results with the class in 5
minutes.✱

While students are working, circulate among them to identify one or two models that will be productive examples to share with the class.
They do not need to be perfect because we want to foster an environment where it is safe to share first-draft thinking, but choose models
that will be good starting points for discussion in the next step. Be sure to confirm with partnerships that they are willing to share their work
with the class.

If students ask about the amount of saltwater, remind them that the saltwater is only used to remove an outside layer on the aluminum foil
and that it doesn’t participate in this chemical process, other than to help the reactants come into contact with each other (so we do not
need to include the saltwater in our LOL energy model).

ASSESSMENT
OPPORTUNITY

Building towards: 3.B Develop and use the LOL energy model to determine that adding more reactants in an
exothermic chemical process releases more energy from the system.

What do look/listen for:
Energy is transferred from the root killer and aluminum in saltwater system to other systems,
including to the thermometer system and the air around the cup.
When more substances are used, there is a larger increase in temperature as the substance molecules
were breaking apart and rearranging.
Because more molecules broke apart and rearranged, more energy transferred out of the system.
Accounting across a single LOL energy model needs to be accurate, but proportional energy between
LOLs only needs to signify that more reactants in the system means more energy released.

What to do: If students don’t connect how energy is transferred between systems, discuss the different
systems, using a styrofoam cup from the lab. The substances being combined in the cup are the first system
circle in the LOL energy model. Our hands, the air, and the thermometer are the outside systems to which
energy is transferred. Make sure you refer to energy transfer between systems, NOT the objects (substances)
creating or releasing energy.

✱ SUPPORTING STUDENTS IN
ENGAGING IN DEVELOPING AND
USING MODELS

This assessment gives student pairs the
opportunity to create a new LOL energy
model to show how energy will flow
between systems when the amount of
substances is increased. Students base their
models on the evidence the class obtained
from the investigation on day 1 and the LOL
energy models they co-constructed as a
class.



15 min8 · PRESENT NEW LOL ENERGY MODELS TO THE CLASS
MATERIALS: whole-class LOL energy model

Have a pair of students present their LOL energy model for a new amount of reactants. Pick a student pair to present their new LOL
diagram to the class and allow the class to ask the students questions and work through any differences between pairs.✱

Here are some questions to guide the student presentation:
Could you clarify how energy was transferred through the systems?
How are the systems connected in your LOL diagram?
These LOL energy models look alike, are they? What might be different?
Both the class and small-group LOL energy model look similar, could someone explain the difference?
Could someone restate the differences between our co-constructed LOL diagram and your LOL diagram? What are we using our
LOL energy model to figure out?

Update the Word Wall definitions of endothermic and exothermic to include connections to energy. Say, Wow, we have figured out how
energy is transferred through a chemical process! And if we have more reactants, there is a greater temperature change because more energy was
transferred out of the system. Let’s add these ideas about energy to our definitions for endothermic and exothermic.

Suggested prompts Sample student responses

We said that the processes that felt warmer, like the root killer and
aluminum foil combination, were exothermic processes. What can we
add about energy to our definition for exothermic?

Energy is transferred out of the system.

Energy is released to other systems.

What about the process that felt cold? What could we say about
energy in an endothermic reaction that is the opposite of exothermic?

Energy is absorbed from some other system(s) into this one.

See the example Word Wall entries shown here.

✱ ATTENDING TO EQUITY

Universal Design for Learning: To support
students in engagement and provide options
for sustaining effort and persistence, this is
not a moment to pick a student pair that is
struggling. Try to choose a group that has a
well-thought-out version of the new LOL.
This will foster collaboration and community
by allowing other students to ask questions
and clarify understandings about the use of
LOLs for understanding energy transfer.

Allowing students to share their first-draft
ideas will also help reinforce the classroom
community in which students are trying new
things and communicating with their peers.
Throughout this unit, students will be sharing
their designs to optimize their homemade
flameless heater. Going public with first-draft
ideas is important so that they learn from
each other.



5 min9 · NAVIGATE TO THE NEXT LESSON
MATERIALS: science notebook, Progress Tracker, whole-class LOL energy model

Update our Progress Trackers with what we’ve figured out about energy transfer. Display slide S. Direct students to turn to the Progress
Tracker section of their notebooks.

Say, We did important work as engineers today. We developed these LOL models, but
why? What were we trying to figure out? Elicit: We wanted to see why using more
reactants got us more energy.

Say, Knowing about that relationship between the amount of reactants in the system
and how much energy it can transfer is going to help us as we continue planning our
homemade flameless heater. So, I’ll write what we did as engineers on a big sticky
note for our board, and you can record that in the left side of your notebook.

Make a large sticky note that says, “We developed a model to help us plan how to
improve our design” and post it on the “What We Do As Engineers” board, as
shown here.

Direct students to complete the right side of their Progress Trackers
independently. See the example Progress Tracker here, including possible
student responses.

What did we do as engineers? What did we figure out that can help us with our designs?

We developed a model to help us plan how to
improve our design.

The more reactants we use in a chemical process, the greater the temperature change,
which means there is more energy being transferred into or out of the system.

Close today’s work. Display slide T. Remind students that they made great progress today by figuring out which chemical process we can use
in our designs and how energy can be transferred to heat up food.

Say, Let’s think about how we might apply what we’ve figured out to our homemade heater designs. We will continue this work next time!

Additional Lesson 3 Teacher Guidance
SUPPORTING
STUDENTS IN
MAKING
CONNECTIONS IN
MATH

CCSS.MATH.CONTENT.6.NS.C.5 Understand that positive and negative numbers are used together to describe
quantities having opposite directions or values (e.g., temperature above/below zero, elevation above/below sea
level, credits/debits, positive/negative electric charge); use positive and negative numbers to represent
quantities in real-world contexts, explaining the meaning of 0 in each situation.

During this lesson, students calculate the maximum temperature change for three different amounts of
reactants. They report this change in temperature using positive and negative numbers to show the increase or
decrease from the starting temperature.


