
LESSON 5: How much food and reactants should we include in our homemade flameless
heater?

PREVIOUS LESSON We defined our stakeholders to revise our criteria and constraints. We investigated the range of temperatures to which we need our food to be heated and
defined constraints for cost and weight of materials for the homemade heater. We created a Design Matrix to keep track of these ideas during future
investigations.

THIS LESSON

INVESTIGATION

2 days

 

We analyze data from two investigations to figure out how much food and reactants we should include in our
homemade flameless heaters to best meet our criteria and constraints. First, we analyze provided data to
determine how much food we can heat up with a given amount of reactants. Then, we conduct an investigation
to determine which proportion of reactants will work best to heat up our food.

NEXT LESSON We will work in teams to draw models of our homemade flameless heaters. We will build prototypes and test them using a Design Testing Matrix based on our
criteria and constraints. We will reflect on our work with self-assessments of our engineering work and our teamwork.

BUILDING TOWARD NGSS

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

WHAT STUDENTS WILL DO

5.A Analyze data to determine patterns in the relationship between the total amount of food we can heat and the amount of energy that is
transferred to it.

5.B Evaluate and use accurate methods of data collection to gather and then analyze data to define an optimal proportion of reactants that result
in the greatest temperature change.

WHAT STUDENTS WILL FIGURE OUT

The more food we have, the more energy we need to heat it up.
The combination of reactants that results in the greatest temperature change is 8% aluminum and 92% CuSO  when using 60 g of
saltwater.
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Lesson 5 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 7 min NAVIGATION
Add to our Progress Tracker and discuss the trade-off between how much food versus reactants we can include
in our designs.

A-F

2 12 min ANALYZE DATA FOR DIFFERENT AMOUNTS OF FOOD
Work with a partner to analyze the provided data of the maximum temperature that different amounts of food
reach when using the same amounts of reactants.

G-L Data for Heating Different Amounts of Food

3 8 min REVISIT OUR LOL ENERGY MODELS AND DRAW CONCLUSIONS BETWEEN THE AMOUNT OF FOOD AND
ENERGY TRANSFERRED
Revisit our LOL energy models from Lesson 3 and represent different amounts of food. Conclude that the more
food we have, the more energy we need to add to the system to heat it up.

M-N LOL energy models from Lesson 3

4 18 min PLAN FOR PROPORTION OF REACTANTS INVESTIGATION
Discuss the amounts of reactants to test and what data to collect. Evaluate and discuss the investigation
procedure.

O-T Amount of Reactants Investigation Procedure,
Analyzing Our Data Collection Methods

End of day 1

5 5 min NAVIGATION
Revisit our question, discuss how our procedure will help us answer our question, and what we expect to see for
the proportion that works best.

U

6 20 min CONDUCT AMOUNT OF REACTANTS INVESTIGATION
Different groups test different amounts of reactants and record data in their science notebooks.

V-X Small-Group Data Table, Amount of
Reactants Investigation Procedure

7 15 min BUILDING UNDERSTANDINGS DISCUSSION ABOUT OUR RESULTS
Make sense of our data to identify the optimal proportion of reactants that results in the largest temperature
change.

Y

8 5 min UPDATE OUR PROGRESS TRACKER
Update Progress Trackers individually to capture what we have figured out as we systematically tested parts of
our possible solution.

Z

End of day 2



Lesson 5 • Materials List
per student per group per class

Lesson materials Data for Heating Different Amounts of Food
science notebook
Amount of Reactants Investigation Procedure
Analyzing Our Data Collection Methods
Small-Group Data Table

LOL energy models from Lesson 3

Materials preparation (45 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 word to the Word Wall: trade-off. Do not post this word on the wall until after your class has developed a shared understanding of it.

Day 2: Amount of Reactants Investigation

Group size: 6 groups of 3-5 students

Setup:
Prepare saltwater for a single class by adding 2.4 g of table salt to a container and adding 400 mL of water to the container. Stir to make sure all of the table salt dissolves.
Divide the saltwater evenly among 6 containers for groups to use. Be sure to leave the saltwater out at least a day in advance to come to room temperature.
Prepare 42 g of shredded aluminum foil per class 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. You will need another approximately
96 grams for Lessons 6 and 9 if it would be easier to prepare it all now.
Obtain 6 sets of 3 8 oz. styrofoam cups with a single lid, for a total of 18 cups and 6 lids. Label each set with the groups (A
through F, each group getting 3 cups). Reuse 12 of the cups from previous lessons. Use 6 new cups (1 per group) so that
students can collect the liquid after the testing in a clean cup for easier color comparison.
You are now ready to prepare trays of supplies for each group to use in their investigation. Place the following on each tray:

A set of 3 cups and a lid. One cup for each group should be new. The other 2 cups can be reused from previous
lessons. There will be a tray for each group (A-F).
A digital thermometer, a rubber band, 2 pieces of parchment paper, a plastic spoon, and some paper towels.
A coffee filter and a plastic funnel.
A container of at least 70.0 g (70.0 mL) of prepared saltwater.
A container of at least 6.5 g of copper sulfate crystals (CuSO ).
A container of at least 7.0 g of aluminum foil pieces.

Make sure that students have access to a timer or clock and a pencil.

Safety: Be sure that 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.
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Notes for during the lab: When students remove the lid from the reaction mixture and filter the liquid from the solids, they may notice a metallic smell. They may also
observe tiny bubbles on the surface of the liquid due to the generation of small amounts of hydrogen gas. This is not hazardous in the quantities with which students work.
Groups using an excess of copper sulfate (A-D) may also notice some undissolved blue copper sulfate crystals during filtration. They should proceed with the filtration as
directed in Amount of Reactants Investigation Procedure and record this observation in Small-Group Data Table.

Disposal: Save any unused saltwater solution, aluminum foil, and copper sulfate for upcoming labs. Solid wastes (pieces of aluminum and copper) can be disposed of in the
garbage. Dispose of liquid waste as directed in the teacher reference Safety Information for Copper Sulfate Pentahydrate. Rinse out all styrofoam cups and save for another
lesson or next year; although the styrofoam cups from the processes involving metals will be stained, this should not interfere with the experiment.

Storage: Unused saltwater, aluminum foil, and copper sulfate can be retained for future lessons.



Lesson 5 • Where We Are Going and NOT Going
Where We Are Going

In previous lessons students figured out which chemical process to use and that increasing the amount of reactants increases the amount of energy transferred out of the system. However, we
don’t know how much of each of the reactants to use to safely reach our target temperature range indicated in Lesson 4 or the amount of food we can heat up with a given amount of
reactants. In this lesson we do additional systematic testing and analysis of data to help inform the trade-off between how much food versus reactants we can include in our designs. We figure
out that the more food we have, the more energy we will have to add to the system to heat it up and that there is an optimal proportion of reactants to use for the biggest temperature change.

Where We Are NOT Going

The amounts of aluminum and copper sulfate reactants were chosen based on the stoichiometry of the chemical reaction. Stoichiometry can be used to find the right proportion of reactants
needed to "completely" react one reactant with the other reactant, resulting in no leftover reactants when the reaction takes place. In this case, when the molar ratio of CuSO ᐧ5H 0 to Al is 1.5
(3:2), the reactants are present in more or less stoichiometric amounts, i.e., neither is present in excess (this is approximate, as we are not accounting for any Al O  on the surface of the
aluminum foil). Therefore, the combination of 0.5 grams of Al to 5.5 grams of CuSO  yields the greatest temperature change. This explanation is beyond grade band; however, students should
qualitatively see that, for the other proportions of the reactants tested in this lesson that did not perform as well, there is an excess of one of the reactants (e.g., excess foil leftover or the
solution remains blue with less copper forming).

Students may want to test additional proportions of reactants. If you choose to add more combinations of reactants to test, be sure to include those amounts listed in the lesson and provide
for a way to do multiple trials.

4 2
2 3

4



7 min

LEARNING PLAN for LESSON 5
1 · NAVIGATION
MATERIALS: None

Navigation. Display slide A. Have the “What We Do as Engineers” board visible.

Say, Yesterday we worked on modifying our “What We Do as Engineers” board. What did we revise
that will help us achieve successful flameless heater designs? Why did we need to revise?

Students should indicate that we revised our criteria and constraints because our original
criteria and constraints were not specific enough to use in our designs.

Say, OK, we just revisited something that engineers do—we refined our criteria and constraints for our
solution. Let’s represent this on our “What We Do as Engineers” board by adding a sticky note to show
that we refined our criteria and constraints.

Update the Progress Tracker. Display slide B. Ask students to add another entry to their
Progress Trackers. They should use the right column to list the new criteria and constraints that
our homemade flameless heater should have.

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 refined our criteria and constraints. Our target temperature range is 40-47oC.
Our other specific criteria are ______.
Our other specific constraints are _______.

Connect investigating the amount of food and heater components to our criteria and constraints.

Say, Now that we know what specifics we should be aiming for in our designs, I’m wondering: Do you think we have enough information to get our
specific criteria? For example, do you know what you would do in your designs to get to the target temperature range of 40-47℃? Take a minute and
turn to the person next to you and talk about this question.

Display slide C and give students 1 minute to turn and talk about this question. Then discuss with prompts such as those below.



Suggested prompts Sample student responses

Do you know exactly what you would do with your chemical reaction
to heat up food to our criteria of 40-47℃?

We know what substances we would combine, but we don't really
know how much of each one to use.

Why might it not be a good idea to just start putting together random
amounts of CuSO , aluminum, and saltwater?

We don't want to burn ourselves or have an accident because we don't
really know enough about this chemical reaction.

Say, It sounds like we still need some more information about where to start so that we know how to achieve our design goals, while also being safe
and not wasting materials.

Display slide D and ask students to talk with a partner for a minute about this question: “How will collecting data about the amount of food
and reactants we use help us figure out how to get our food to our target temperature range?

After 1 minute of partner talk, ask a few students to share their ideas. Listen for ideas, such as:
if we are limited on weight, we need to know how much food or reactants we can have and still get the food hot and
we need to know how much reactants we should use to get the food hot but not be too expensive.

Discuss the trade-off between the amount of food and the amount of reactants. Display slide E.

Say, If our constraint is 700 grams total for the mass of the flameless heater (including packaging) and food, we need to figure out how much of that
mass we need to use for the heater components, such as the reactants and packaging, and how much food we can include. To make our calculations
easier for a moment, let’s assume that packaging will take up 300 g of this mass. So that leaves us to just consider our food and reactants in that
400 g limit for now.

Use slide E and slide F to lead a discussion with the class to help see the trade-off between the amount of food and the amount of
reactants.

Suggested prompts Sample student responses

If we have 400 g of reactants, how much food could we include? None!

What about if we have 400 g of food, how much reactants could we
include?

None!

(Display slide F). So if we have 300 g of reactants, how much food
can we include?

300 grams of reactants leaves 100 grams for food.

What about if we use 100 g of reactants? 100 grams of reactants leaves 300 grams for food.

So, if we add 100 g of reactants, then we HAVE to take away 100 g of
food in order to stay within the 400 g weight constraint.

4



12 min

Add the word “trade-off” to the Word Wall. Say, This balancing we’ve been trying to do
with food and reactant amounts is an example of a trade-off. A trade-off is when one
decision directly affects another decision, and you can’t do both things. There is a trade-off
between how much food we can include and how much reactants we can use and still stay
under our weight limit AND get our food hot.

Say, We already learned from Lesson 3 that, the more reactants we use, the more energy we
get out of the system, but how much food can we heat up with a given amount of reactants?

Motivate needing more data to know how to heat up our food. Return back to the chart
on slide E. Ask students the following prompts:

Suggested prompts Sample student responses

Let’s look back at our trade-offs. If we have 400 g of reactants and 0
g of food, is that a good plan to reach our criteria and constraints?

No! We wouldn’t have any food for people.

What about if we have 0 g of reactants and 400 g of food? Is that a
good plan to reach our criteria and constraints?

No! Our food would be cold.

What about if we had 100 g of reactants and 300 g of food? Is that a
good plan to reach our criteria and constraints?

Maybe? We don't really know.

2 · ANALYZE DATA FOR DIFFERENT AMOUNTS OF FOOD
MATERIALS: Data for Heating Different Amounts of Food

Turn and talk about what data we need to determine how much food we can heat up. Display slide G. Ask students to turn and talk with a
partner: “What could we measure to figure out how much food we can heat up with a set amount of reactants?”

Ask a few students to share out ideas. Listen for the following:
We could measure the temperature of different amounts of food and see how hot they get.
We should use the same amount of reactants and change the amount of food and see how hot the food gets.

Introduce how the data was collected. Say, Because our materials are limited for testing and we want to have enough for our designs, I have some
data for you that was collected by recording the maximum temperature change of different amounts of food heated with the same amount of
reactants each time.

Display slides H and I and refer students to Procedure for Heating Different Amounts of Food to explain how the data was collected.

Arrange students into groups of two or three. Hand out a copy of Data for Heating Different Amounts of Food to each student and have
students tape it into their science notebook.✱

✱ SUPPORTING STUDENTS IN
ENGAGING IN ANALYZING AND
INTERPRETING DATA

Students will use the Identify and Interpret
(I ) sensemaking strategy to analyze the
graph. If this is their first time using this
strategy, consider modeling one observation
(“What I see”) and one interpretation (“What
it means”) with your students before they
begin small-group work. This strategy helps
students break down information-rich
graphs into smaller pieces to interpret, which
will allow them to use the data to provide
evidence for a phenomenon.
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Make observations of the graphs using “What I see” statements. Display slide J. Prompt students to write “What I see” statements
while in their small groups. Remind students to write directly on the graphs, drawing arrows to their observations. Complete one or

two “What I see” examples with the students, then allow them to continue on their own. After about 4 minutes, bring students together to
discuss their observations of the graph using slide K (e.g., “What did you notice?” “Did anybody else notice something similar?”). Record
some of the WIS comments on a whiteboard or in an online document in a table similar to the one below.

Interpret observations using “What it means” statements. Present slide L and have students write “What it means” statements next
to each of their “What I see” statements. These statements are students’ initial explanations of what they think is happening to cause

the change in data. Give groups 4 minutes to work on their interpretations then have several groups share their interpretations aloud. Record
some of the WIM comments on a whiteboard or in an online document.

ASSESSMENT
OPPORTUNITY

Building toward: 5.A Analyze data to determine patterns in the relationship between the total amount of food
we can heat and the amount of energy that is transferred to it.
What to look for: See the example WIS and WIM listed below.
What to do: If students are struggling to find patterns in the data, focus their attention on smaller chunks at a
time by asking specific questions, such as: “What do you see at this point? How does that compare to this
point?” If students are not sure how to interpret the data, direct their thinking toward the application of this data
to their homemade heater with questions, such as: “Will we want to heat up more or less than 100 grams of
food? (For reference, 100 grams of food is about as much as a squeezable applesauce pouch or small cup of
pudding.) Did the amount of reactants used here have enough energy to increase the temperature of this 100
grams of food to a temperature we want? If we will want to heat up more food than that with our heater, will we
need to have more or less energy? A lot more or just a little more?”

Example WIS and WIM comments with which the class might come up are shown here.

WIS WIM

25 grams of food had the biggest temperature
change.

More food does not get as hot with the same
amount of reactants.

If we want to heat up more food, we will need to
have more reactants/energy.100 grams of food didn’t heat up very much.

There was a bigger change in temperature for 25 to
50 compared to 75 to 100.

As you increase the amount of food, you need A
LOT more energy to heat it up.

The graph kind of looks like a curve.

Summarize what we have figured out. Say, We see that, for more food, it doesn’t get as hot. But what does this mean in terms of energy in the
system, and what does it mean for our designs?

 



8 min3 · REVISIT OUR LOL ENERGY MODELS AND DRAW CONCLUSIONS BETWEEN THE AMOUNT OF
FOOD AND ENERGY TRANSFERRED
MATERIALS: science notebook, LOL energy models from Lesson 3

Revisit our LOL energy models from Lesson 3. Say, We had a way to track energy transfer between systems in Lesson 3. Let’s return to those and
see how we can use models to understand why more food did not get as hot when we used the same amount of reactants.

Display slide M and/or refer to the class LOL energy models you made in Lesson 3 and ask students to find their LOL energy models in their
notebooks. Prompt students to recall what our LOL energy models were showing.

Suggested prompts Sample student responses Follow-up questions

Can someone remind us, what do the
different parts of our LOL energy models
show?

The Ls (graphs) show the energy we start with
and the energy we end with...what’s stored in
the system at the beginning and the end.

The center “Os” show how the energy is
transferred to other systems.

Can you come up and show us what you
mean on the diagram?

What are some of the other systems that the
energy could be transferred to?

The thermometer, the cup, our hand, or the
air.

But now we’re also talking about transferring
the energy to food, too.

Where on the diagram would we show that?

In Lesson 3 we changed the amount of
reactants we used. What did we figure out
about how much energy was transferred
when we used more reactants? How did we
show that in our diagrams?

More energy was transferred out of the
system when we had more reactants.

We used bigger arrows and more bars to
show more energy being transferred out of
the system.

Can you come up and show us what you
mean on the diagram?

What evidence supports this idea?

For the investigation we just looked at with
different amounts of food, how does the
amount of energy that is transferred out of
the system compare for 25 g of food versus
100 g of food?

The energy transferred is the same!

We used the same amount of reactants each
time, so we have the same amount of energy
in the system to be transferred out to the
food.

Can someone restate what X just said?

How would we represent that idea with the
arrows in our diagram?

Say, So if we have the same amount of energy each time, how can we use our LOL energy models to understand why more food did not get as hot?
Display slide N. Ask students to turn and talk with a partner:

1. How can we represent the different amounts of food that we were heating up in our LOL energy models? (Sketch your idea(s) onto
the LOL energy diagrams in your notebooks.)

2. What does this mean for our designs for our homemade flameless heaters?

Discuss ideas as a whole class. Lead a whole-group discussion and add to the class LOL energy model. 



18 min

Say, What were some ways that you showed what was happening with different amounts of food?

Use students’ suggestions to add a representation of the food
system for a small amount of food (e.g., 25 g) and a larger amount
of food (e.g., 100 g) onto the LOL energy model. Then shift to
discuss what this means in terms of our designs.

Suggested prompts Sample student responses

Can someone summarize again what we saw in the data that we
analyzed for different amounts of food?

When there was more food, it didn’t get as hot.

What do our LOL energy models help us see about why more food did
not get as hot?

We have the same amount of energy being transferred, but, because it
has to be transferred to more food, the food doesn’t get as hot.

So what would we need in order to heat up a bigger amount of food to
the same temperature as the smaller amount of food?

We would need more energy!

What does that mean for our designs for our homemade flameless
heaters?

The more food we have, the more energy we have to add to the
system to heat it.

Capture the idea that students suggest we have figured out (e.g., The more food we have, the more energy we have to add to the system to heat
it.) on chart paper or the whiteboard to return to at the end of day 2 when we add to our Progress Trackers.

4 · PLAN FOR PROPORTION OF REACTANTS INVESTIGATION
MATERIALS: Amount of Reactants Investigation Procedure, Analyzing Our Data Collection Methods

Motivate testing different amounts of each reactant. Say, So we figured out that including more food means we have to add a lot more energy to
the system. Do we have enough information to make our heater? Display slide O. Remind students that, in Lesson 3, we tried equal amounts of
aluminum and CuSO  (3 grams of Al and 3 grams of CuSO ). But if we want to heat up the most food to the ideal temperature, are equal
proportions of reactants the best combination to use? Ask students to turn and talk with a partner. After 1 minute, ask a few students to share
out ideas. Students will likely say that they are not sure or don't think it will get hot enough.
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Display slide P. Ask students to turn and talk with a partner: How can we systematically test what amount of each reactant will work best?
After 1 minute, ask a few students to share out ideas. Students will likely suggest combining different amounts of each reactant and
measuring the change in temperature.

Discuss the different amounts of each reactant to try. Say, OK, so we should combine different amounts of each reactant. Let’s think about how
to systematically test this. Display slide Q. 

Suggested prompts Sample student responses Follow-up questions

In Lesson 3 we used 3 grams of each
reactant. If we want to compare different
proportions of reactants to this, what does
this mean for the total grams of reactants we
need to use?

We should use 6 grams total so that we can
compare.

Why is it important to keep the total amount
of reactants we use constant?

What amount of each reactant should we try
in order to compare to what we tried in
Lesson 3?

We could try some combinations where we
use more of one and less of the other.

Can you give me an example?

So are you saying we should test some with
more Al than CuSO  and some with less?

How will we know which combination works
best? What data should we collect?

We should record the temperature.

We need to see how much the temperature
changes.

What did we record for temperature in
Lesson 3? And in the amount of food
investigation we just examined?

Why is it important to record the change in
temperature?

So, we can measure the temperature of the
system after. What other observations could
we make about the products?

We could see what it looks like afterward
compared to what we started with.

Maybe we could look for a color change?

For groups that tested the root killer and
aluminum in Lesson 3, what observations did
you record?

Introduce a procedure that will be used for data collection. Say, I have a procedure we can use to collect this data, but I want your help to be sure
that our methods will get us credible data with the fewest errors so that we can use it for making decisions later.

Ask students to refer to Amount of Reactants Investigation Procedure and pass out Analyzing Our Data Collection Methods. Display slide R. Say, If
we want to figure out which combination of each reactant is going to work the best for our reaction, then we need to trust our data. One way we can
make sure our data are reliable is to check our procedures. We want to make sure our methods get us the data we need and that we are measuring
our variables accurately and doing everything we can to reduce possible errors.

Evaluate the first part of the procedure as a class. Read the first part of the procedure together as a class. Then focus students’ attention on
Analyzing Our Data Collection Methods and solicit ideas for the columns on the handout for the first section of the procedure. Work together
as a class to complete this first row of the handout chart.
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Suggested prompts Sample student responses

Why is this part of the procedure important for answering our
question?

If we want to figure out what combination of reactants to use, we
have to know how much of each we are using.

Do you think the methods that are suggested for measuring the
reactants will help us get accurate data to answer our question? In
what ways?

Yes. We use a scale to weigh out the materials.

Yes. It says how to use the materials to weigh it out, including folding
the paper so that the stuff doesn’t fall out.

Are there additional things we can do to make sure we are being
accurate when we measure the reactants?

Measure really carefully—be sure no material is left hanging off
somewhere/dripping.

We should measure to the nearest .1 g.

We can record exactly how much we used.

Work with a partner to evaluate the rest of the procedure. Display slide S. Give students 5-7 minutes to review the remaining parts
of the procedure and add to Analyzing Our Data Collection Methods. As students work, circulate and probe student thinking with

prompts, such as:
Why is that part of the procedure important for answering our question?
Are there methods that we have used in other investigations that have helped us get accurate data?
If different groups are testing different combinations, how can we compare our results of what is remaining afterward?

Discuss ideas as a whole class. Display slide T. Ask students to share out some ideas for how the methods suggested will help answer our
question and how to make sure they are most accurate. Focus the bulk of the discussion on measuring what is remaining afterward and how
to compare across groups, since this is not a method they have used in previous lessons.

Suggested prompt Sample student response

Let’s start with measuring temperature. Why is this part of the
procedure important for answering our question?

We are trying to get a reaction that increases in temperature to heat
up our food, so we have to measure the temperature to see what
works best.

Do you think the methods described will help us get accurate data?
What do we need to do to make sure we are accurate?

Keep the thermometer in the solution the whole time.

Record the starting and ending temperature (not just the max
temperature).

Keep the thermometer right in the middle of the “food” being
measured.

What about examining what is remaining afterward? Why is this part
of the procedure important for answering our question?

We could see how much copper is produced.

We could see what is used in the reaction.



Suggested prompt Sample student response

What would it mean if a lot of aluminum was leftover?

What if the solution stayed really blue?

If there was a lot of aluminum leftover, then it didn’t get used up in the
reaction.

If the solution stayed really blue, I think that would mean there was a
lot of the copper sulfate still there.

How can we compare our results across groups in a way that gets us
reliable or accurate data? Can we just describe that it is blue? Or say
there was a lot of the foil left?

We need to compare the color of the solution to a standard (maybe
how it would be before the reaction) or compare to other groups to see
if it is actually different or not. Describing different shades of blue and
different amounts of reactants leftover is hard to describe in a way
that we can accurately compare.

Summarize. Say, So it sounds like, while we have experience with methods of collecting the temperature carefully, we have some new ways of
comparing what is leftover to help us more accurately report the results. We’ll conduct our investigation tomorrow.

ASSESSMENT
OPPORTUNITY

Building toward: 5.B.1 Evaluate and use accurate methods of data collection to gather and then analyze data to
define an optimal proportion of reactants that result in the greatest temperature change.

What to look for: See Key for Analyzing Our Data Collection Methods for sample student ideas.

What to do: If students are struggling with articulating why examining the solids and liquids after the reaction is
useful in answering our question, cue them to look at the chemical equation and identify what we end up with
at the end (copper and no aluminum by itself). Pose questions, such as, “If there is a lot of aluminum left, what
does that mean in terms of the reaction?” If students don’t suggest comparing the remaining solids and liquids
to other groups, show them different colors of blue and ask for different students to describe them. This should
help reveal the need to compare to more accurately describe the solution.

End of day 1



5 min

20 min

5 · NAVIGATION
MATERIALS: None

Turn and talk about our investigation. Display slide U. Say, Yesterday we evaluated a procedure to help us answer the question, “What amount of
each reactant will work the best in our flameless heaters?” Ask students to turn and talk with a partner:

What data will we collect to help answer our question? (dependent variables)
What will we expect to see for the combination of reactants that works the best?

After 2 minutes of partner talk, discuss student ideas.

Suggested prompts Sample student responses

What data will we use to help answer our question? (dependent
variables)

The max temperature change.

What the solids and liquids look like afterward.

What will we expect to see in terms of temperature for the
combination of reactants that works the best?

The combination with the biggest temperature change works the best.

What about for the solids and liquids afterward? What will we expect
to see in terms of what is leftover for the combination of reactants
that works the best?

I’m not sure.

Maybe we will see that there isn’t a lot of foil leftover, and there is a lot
of the red copper stuff produced at the end.

6 · CONDUCT AMOUNT OF REACTANTS INVESTIGATION
MATERIALS: science notebook, Small-Group Data Table, Amount of Reactants Investigation Procedure

Prepare science notebooks to collect small-group data and assign proportion of reactions to groups. Display slide V. Hand out Small-Group
Data Table and have students tape their data tables into their science notebooks. In order to get multiple data points, given the limited
materials available, explain that you have selected two quantities where there is more aluminum than CuSO  and one where there is more
CuSO  than aluminum, as shown below and on slide V.

Groups Grams of Aluminum Grams of CuSO

A & B 0.1 g 5.9 g

C & D 0.5 g 5.5 g

E & F 4.5 g 1.5 g

4
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15 min

ADDITIONAL
GUIDANCE

The amounts of aluminum and copper sulfate reactants were chosen based on the stoichiometry of the
chemical reaction. Stoichiometry can be used to find the right proportion of reactants needed to "completely"
react one reactant with the other reactant, resulting in no leftover reactants when the reaction takes place. In
this case, when the molar ratio of CuSO ᐧ5H 0 to Al is 1.5 (3:2), the reactants are present in more or less
stoichiometric amounts, i.e., neither is present in excess (this is approximate, as we are not accounting for any
Al O  on the surface of the aluminum foil). Therefore, the combination of 0.5 grams of aluminum to 5.5 grams
of CuSO  yields the greatest temperature change. This explanation is beyond grade band; however, students
should qualitatively see that, for the other proportions of the reactants tested in this lesson that did not
perform as well, there is an excess of one of the reactants (e.g., excess foil or the solution remains blue with less
copper forming).

Conduct investigation in small groups. Display slide W. Remind students to use Amount of Reactants Investigation Procedure as they collect
data for their assigned amounts. Allow about 15 minutes for students to conduct their investigations and add their data to the class data
table. Make sure that each group has 1 new cup for collecting the liquid after the reaction so that the colors can be compared more easily. The
remaining cups can be reused from previous lessons. Project a class data table shown on slide X or create a table on a class chart.

ADDITIONAL
GUIDANCE

Students may notice tiny bubbles on the surface of the root killer and aluminum reaction when they take the lid
off of the cup after monitoring the temperature for 5 minutes. Although we may think of aluminum foil as being
pure aluminum metal, it is actually covered with a very thin layer of aluminum oxide, since aluminum reacts
very rapidly with oxygen in the air. Sodium chloride in the saltwater is able to disrupt the aluminum oxide layer
to expose pure aluminum, which not only reacts with the root killer but can also react with water to produce
hydrogen gas. Since students will be using this reaction in their design, you can share this explanation with
them if it comes up.

7 · BUILDING UNDERSTANDINGS DISCUSSION ABOUT OUR RESULTS
MATERIALS: science notebook

Gather in a Scientists Circle to analyze our results. Display slide Y. Project or post the class data and have the filtered products
available for students to see. Lead a Building Understandings Discussion to draw conclusions about the optimal proportion of

reactants that results in the largest temperature change and what this means for our design solutions. Sample data is provided in Sample
Data for Amount of Reactants Investigation for your reference.

KEY IDEAS Purpose of this discussion: Draw conclusions about the optimal proportion of reactants that results in the
largest temperature change and what this means for our design solutions.

Listen for these ideas:
The combination of reactants that worked the best was .5 g of aluminum and 5.5 g of copper sulfate.
This combination seemed to react more completely than the other proportions tested. For other
proportions we tested, there was either excess aluminum or excess copper sulfate.
The best proportion of reactants is 8% Al and 92% CuSO  when using 60 g of saltwater.
We should use a similar proportion of Al to CuSO  in our design solutions.

✱ ATTENDING TO EQUITY

Universal Design for Learning: Students can
use a calculator to help determine the
percentages. Allowing alternatives for use of
tools, such as a calculator, can remove
barriers for students in expressing their
understanding by keeping the focus on the
learning goal (in this case determining the
relative proportions of each reactant so that
we can use that in our designs). Use of such
tools can help provide a match between a
student’s abilities and the demands of the
task.
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Suggested prompts Sample student responses Follow-up questions

What claim can we make about which
combination of reactants worked the best?

When we used 0.5 g of aluminum and 5.5 of
copper sulfate.

Groups C and D.

What is your evidence?

Do you agree or disagree?

Who can restate what X just said?

What did you notice about what was leftover
for groups C and D compared to the other
groups?

You can’t really see any Al left.

There is a lot of copper at the end.

The solution is not as blue compared to when
we used 0.1 g of Al.

Can you show us what you mean with our
products here?

Did you notice anything else as you tried your
assigned amounts?

Let’s look at what was leftover after
combining 4.5 g of aluminum and 1.5 g of
copper sulfate.

What do you think it means in terms of the
reaction for there to be a lot of leftover Al?

If there is leftover Al, then maybe it didn’t all
get used in the reaction.

Maybe there isn’t enough copper sulfate to
react with the aluminum.

So are you saying that there is too much
aluminum compared to the copper sulfate?

What did you notice about what was leftover
for a reaction where there was less Al
compared to our optimal amount? What do
you think this means?

There is leftover copper sulfate—we can see
some blue crystals on the filter paper.

The aluminum is all gone, but the solution is
still really blue.

There isn’t enough aluminum to react with
the copper sulfate.

Can someone restate what they think is
happening in this case?

What do you think this means for why the
0.5 g of aluminum and 5.5 g of copper
sulfate worked the best?

If you have too much of one reactant over
another, the reaction does not work as well.

For the combination that worked the best, all
of the aluminum and copper sulfate are used
in the reaction.

Shift to discussing how we can use this information in our design solutions. Say, So, we have figured out that 0.5 g of Al with 5.5 g of CuSO  is
optimal. But, how can we use these results to inform what combination of reactants we use in our homemade flameless heaters? What if we want to
use more than 6 grams of reactants? How can we scale this up but keep the same proportion so that none of the reactants are leftover?

Calculate the optimal amount of each reactant used in terms of percent of the total reactants.

4



Suggested prompts Sample student responses

One way we can use this information is to figure out what percentage
of the total amount of reactants we use is Al and what percentage is
CuSO .

Let’s think about some of the amounts we tried. In Lesson 3 we used 3
grams of each reactant. What percentage of the total reactants was
Al? CuSO ?

It was 50/50.

50% of the total reactants was aluminum, and 50% of the total
reactants was CuSO .

OK, so to calculate a percentage, we need to compare the amount of
the reactant used to the total amount of reactants.

What was the optimal amount of aluminum we used?

.5 grams of Al.

And what was the total amount of reactants used? 6 grams.

So, to figure out the percentage of aluminum, what do we need to do? Divide the amount of aluminum we used (.5 grams) by the total
amount of reactants (6 grams) and then multiply by 100.

Help students calculate the percentages of each reactant. They should see that the optimal amount of each reactant was 8% aluminum and
92% copper sulfate.✱
Apply what we have figured out to our designs. Discuss students’ ideas for how to use this information in their design solutions.

Suggested prompts Sample student responses

OK, so our systematic testing helped us figure out that the optimal
amount of reactants is 8% Al and 92% CuSO .

How could you use this information to inform your design solutions?

We could just use the same amounts of each that we tested here.

What if you wanted to use more than 6 grams of the reactants? How
could we scale this up but keep the same proportion so that none of
the reactants are leftover?

We could just double or triple each amount of reactant.

We could take our total amount of reactants we want to use and then
figure out what 8% of that total is for the Al and what 92% of the
total is for the CuSO .

ASSESSMENT
OPPORTUNITY

Building toward: 5.B.2 Evaluate and use accurate methods of data collection to gather and then analyze data to
define an optimal proportion of reactants that results in the greatest temperature change.

What to look for: Refer to the Key Ideas box above.
What to do: If students are struggling to connect what they see with the remaining solids and liquids after the
reaction to their results, draw attention to the reaction equation and pose questions, such as, “What did the
reactants look like before?” and “How does that compare to what is left afterward?”
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5 min

SUPPORTING
STUDENTS IN
MAKING
CONNECTIONS IN
MATH

Students should be able to calculate the percentage of each substance, according to the CCSS for 6th grade
math. They should know to find a percentage they need to take a part (like 0.5) over the whole (5.5 + 0.5) and
then find the equivalent proportion over 100 to get the percentage. While students should be able to calculate
this, it may be a useful time to have some kind of anchor chart reminding them that a percentage is calculated
as a part over a whole or showing a sample calculation of a percentage from a ratio. Additionally, showing
strategies from their math class on finding equivalent ratios, like ratio tables or double number-line diagrams,
may be helpful.

8 · UPDATE OUR PROGRESS TRACKER
MATERIALS: science notebook

Update Progress Trackers. Display slide Z. Direct students to the Progress Tracker section of their science notebooks. Ask students what part
of our “What We Do as Engineers” board we have been working on. Listen for students to say “systematically testing parts of our design
solution.” Ask students to add what they have figured out through that systematic testing on the right-hand side of their Progress Tracker. 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 systematically tested parts of our design
solution.

The more food we have, the more energy we need to heat it up.
The best combination of reactants is 8% Al and 92% CuSO
when using 60 g of saltwater.

Additional Lesson 5 Teacher Guidance
SUPPORTING
STUDENTS IN
MAKING
CONNECTIONS IN
MATH

CCSS.MATH.CONTENT.6.RP.A.3.C Find a percent of a quantity as a rate per 100 (e.g., 30% of a quantity means
30/100 times the quantity); solve problems involving finding the whole, given a part and the percent.

In this lesson, students determine the relative proportion of each reactant that showed the optimal
temperature change by calculating the percentage of each reactant.
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