
LESSON 4: Which combinations of the substances in a bath bomb produce a gas?
PREVIOUS LESSON We analyzed an ingredient list and recipes for bath bombs and made observations on each of the main ingredients in these, recording the properties of each.

We investigated what each ingredient does as it is added to water and argued that the ingredients interact with water in different ways, but none caused gas
bubbles to appear.

THIS LESSON

PUTTING PIECES TOGETHER,
INVESTIGATION

2 days

We argue from evidence for what scientific principles we have established, the sources of data we
investigated, and the questions we have answered. We plan and carry out an investigation to test different
combinations of substances from a bath bomb. We use these results to argue that two substances interact in
water to cause gas bubbles, neither of those are gas at room temperature, and therefore, the gas produced
must be a new substance.

NEXT LESSON We will analyze the density and flammability data for common gases. We will test the flammability of the gas from the bath bomb. We will carry out an
investigation to see if the gas from the bath bomb rises or sinks. We will argue from evidence that the gas from the bath bomb can be narrowed down to three
candidate substances.

BUILDING TOWARD NGSS

MS-PS1-1, MS-PS1-2, MS-PS1-5

WHAT STUDENTS WILL DO

Plan and collaboratively carry out an investigation to identify the data needed to determine whether or not some combinations of two
ingredients cause bubbles of gas to appear (effect) when they are added to water (cause).

Argue from evidence to refine a set of scientific principles we have been using across previous investigations. Use these in the development of
a new argument, which states that based on changes in their properties (patterns), the substance(s) that make up the gas in the bubbles is/are
not any of the three substances that cause it to appear, which were the substances we started with.

WHAT STUDENTS WILL FIGURE OUT

Citric acid and baking soda combined are the only substances we know of that, when combined with water, cause gas bubbles to
form.
The gas(es) in the bubbles are substance(s) that are different than any of the substances we started out with.



Lesson 4 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 2 min CHOOSE A FOCAL NORM
Students select a norm to work on in this lesson.

A Progress Tracker, Norms poster, computer and projector

2 20 min ADDING TO OUR PROGRESS TRACKER B chart paper, markers, computer and projector, and scientific principles
poster and word wall from the last lesson

3 5 min NAVIGATION
Mark off the ideas for investigations we have accomplished. Share ideas for
future investigation, and record these as a class.

C computer and projector, sticky notes, chart paper, markers

4 12 min PLANNING OUR INVESTIGATION D-G Combinations of Ingredients to Test, computer and projector, sticky
notes, chart paper, markers

5 3-5
min

REFLECTING ON NORMS H index card, Norms poster

End of day 1

6 20 min PLANNING AND CARRYING OUT OUR INVESTIGATION I sticky notes, Norms poster, Combinations of Ingredients Lab

7 5 min ANALYZING OUR LAB DATA AND NAVIGATION J-K computer and projector

8 20 min ARGUING FROM EVIDENCE L-P Lemonade mix labels, computer and projector
End of day 2



Lesson 4 • Materials List
per student per group per class

Combinations of Ingredients Lab materials splash goggles 90 small cups
10 bins
water
olive oil
coconut oil
baking soda
Epsom salts
table salt
sugar-free lemonade mix
citric acid
sugar-based lemonade mix
sugar
corn starch
wooden stirrers
eyedroppers

Lesson materials Progress Tracker
science notebook
Combinations of Ingredients to Test
Lemonade mix labels

index card
sticky notes

Norms poster
computer and projector
chart paper
markers
and scientific principles poster and word wall from the last lesson
sticky notes

Materials preparation (15 minutes plus 20 minutes per class of students for preparing lab materials 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.

Gather chart paper, notecards, tape, and markers.

If you are using science notebooks (9.75" x 7.5") and you have a paper cutter, trim all handouts to fit in the notebooks.

You only need to copy one of Progress Tracker for every 2 students. Trim it in half to make two pieces to hand out from every piece of paper.

An optional material to copy for students is Combinations of Ingredients to Test. This is the ingredient list for both lemonade mixes, which is embedded in a slide. Instead of having them
reference the slide, you could provide an individual copy for students to reference and reuse between classes.

Day 2: Combinations of Ingredients lab
Group size: 3 students
Setup for each class:

Make a solution of each of the following, stirring 2 T of each ingredient listed below into 250 mL of water.
baking soda
Epsom salts
table salt
sugar-free lemonade mix



citric acid
sugar-based lemonade mix
sugar
corn starch

Obtain 9 sets of 10 small cups, for a total of 90 cups, and label each set A through J. You should already have sets of these saved from lesson 2.
Label 10 sets of large cups A through J.
Pour about 10 mL of each solution into the corresponding small cup and 100 mL into the large cup labeled C through J.
Pour about 10 mL of olive oil into each small cup labeled B. Pour about 100 mL of olive oil into the large cup labeled B.
Scoop out about 1 t of coconut oil into each small cup labeled A and 3 T of coconut oil into the large cup labeled A.
Label a different bin for teams 1-10.
Place one of each of the small cups (9 total) in each bin, but swap a different large cup for one of the small cups in each of these bins

Bin 1: Swap out a small cup of A and replace with a large cup of A.
Bin 2: Swap out a small cup of B and replace with a large cup of B.
Bin 3: Swap out a small cup of C and replace with a large cup of C.
Bin 4: Swap out a small cup of D and replace with a large cup of D.
Bin 5: Swap out a small cup of E and replace with a large cup of E.
Bin 6: Swap out a small cup of F and replace with a large cup of F.
Bin 7: Swap out a small cup of G and replace with a large cup of G.
Bin 8: Swap out a small cup of H and replace with a large cup of H.
Bin 9: Swap out a small cup of I and replace with a large cup of I.
Bin 10: Swap out a small cup of J and replace with a large cup of J.

Label disposable eye droppers (B-J) for each of the 10 groups. Place the corresponding one in each cup except for cup A. Transfer these eyedroppers between the set of
materials for one class and the next class.
Add a disposable wooden coffee stirrer to cup A for scooping and spreading coconut oil.
Reuse the bin for transport of materials to the next class.

Safety: For this investigation, make sure students have access to the following in a common area:
1 splash goggle per student

Disposal: All materials can be washed down the drain with cold or warm water. Cups can be saved and reused for next year.
Storage: Unused solutions F, H, I, and J may be stored in a closed container in a refrigerator for up to a week. The other solutions you prepare may be stored for longer on a
shelf if they are in a closed container.



Lesson 4 • Where We Are Going and NOT Going
Where We Are Going

This lesson is meant to help students summarize important principles used in previous lessons. It will also help the students isolate the substances that are interacting to produce a gas,
and make new arguments from that line of evidence.

Three of the principles that students will summarize at the start of this lesson are similar to PS1.A DCIs targeted in grade 5 performance expectations in NGSS, and are also ones that
students used in OpenSciEd unit 6.2 (weather):

Gases, liquids, and solids are matter, which has mass and takes up space.
All matter is made of particles.
The weight of the matter in a closed system does not change even when it undergoes different changes (e.g., it dissolves, some of it becomes a gas, etc...)

This is intentional, as we want the start of this unit to build on those principles about particles, matter, and mass conservation. Then we can extend them to develop evidence for a
different kind of particle (atom) than we had been thinking about previously, one which is a more fundamental building block of larger particles (molecules) that make up matter. This
reuse of extension of ideas is a key feature of what it means to develop a coherent learning progression for students over multiple years in NGSS.

The results from the lab help students determine that any combination of citric acid or lemonade mix added to baking soda and water will interact to cause the appearance of the gas.
The ingredient lists for the lemonade mixes provide additional information that will help students narrow in on citric acid being a substance common to these mixes. This will help them
make the case that it is the combination of baking soda, citric acid, and water that causes the gas bubbles to appear.

By looking back at the property data for these three substances, students will determine that none of these were gases at room temperature, and therefore, the matter that makes up the
gas must be a different substance than any of these.

In some classes, students may raise the idea that the substances we started with turned into a gas, like water does when it boils. If this idea is suggested, guidance at the end of the lesson
is provided for the use of the data on supplemental slide O, which will help address this alternate explanation. Students will have last worked with the idea of different boiling points for
different substances when they studied water and atmospheric gases in OpenSciEd unit 6.2. The introduction of a boiling point as a property is planned for lesson 5 rather than in this
lesson, unless students bring it up at the end of day 2 of this lesson.

From this point forward, you can start referring to this phenomenon as something that “produces” a gas, rather than simply saying it causes a gas to appear. This is because we now know
that the gas wasn’t something that was there before. We know the combination of substances that caused it to form, and we know that matter is conserved in this process.

The next lesson will help students narrow down a list of candidate gases that could be in the bubbles based on the property data.

Where We Are NOT Going

It is not yet important that students determine that this is a chemical reaction. They only have part of an understanding of that idea at this point: that certain combinations of
substances, when mixed together, may cause a new substance to form. But they will need some additional data to support this new idea.

It is not important that students understand the role of water in this process. Students already know that water causes baking soda to dissolve (break into smaller pieces), and that it
does the same for citric acid. It could be reasonable to assume that one or both substances must be broken down into smaller pieces in order for the gas to appear.



2 min

20 min

LEARNING PLAN for LESSON 4
1 · CHOOSE A FOCAL NORM
MATERIALS: Progress Tracker, science notebook, Norms poster, computer and projector

Choose a norm to work on in this lesson. Show slide A. Read the text. Give students a minute to look through the class norms as you
pass out a half sheet of Progress Tracker for each student. Have students add this sheet to the progress tracker section of their notebook.

ADDITIONAL
GUIDANCE

The first day of this lesson is a strategic point to have students revisit their class norms. This lesson was
selected for this, because the first part of it requires students to participate in an extended whole class
discussion in the Scientists Circle, and the second half of it requires some negotiation and coordination
with their group members. Days where there is mostly whole class and small group talk are good days to
select to add this norm-focusing launch and wrap up, even if it isn’t written into the teacher guide. It is
recommended that you add similar revisiting of classroom norms at such strategic places in each
OpenSciEd unit you teach, where you envision you could carve out some extra available minutes at the start
of that day of the lesson and a few minutes at the end of that day of the lesson to reflect (and debrief as a
class, as time permits). It is recommended that you look for opportunities to do this at least once a week
across your first unit of study.

2 · ADDING TO OUR PROGRESS TRACKER
MATERIALS: science notebook, chart paper, markers, computer and projector, and scientific principles poster and word wall from the last lesson

Lead a Consensus Discussion (slide B). Reconvene in a Scientists Circle. Remind students that we have made a lot of progress on our
lesson question from the last time. However, we haven’t taken time yet to summarize all of the things we figured out, including the
sources of data we explored to figure them out.



KEY IDEAS Purpose of this consensus discussion
Identify a new scientific principle we uncovered in lesson 3 and add it to the model tracker.
Add relevant scientific principles that we developed and used in lesson 2 to the progress tracker.
Add additional details related to specific properties (not principles) to the tracker as time permits
(e.g., solubility, color, state of matter at room temperature, and melting point).

Listen for and have students make a note of these as scientific principles. Have them put a P in front of
each:

From lesson 3:
P: Substances have properties that can help us identify them.

From lesson 2:
P: The weight of the matter in a closed system does not change even when the matter
undergoes different changes (e.g., it dissolves, some of it becomes a gas, etc.).
P: Gases, liquids, and solids are matter, which has mass and takes up space.
P: All matter is made of particles.

Other ideas that you will want to discuss that are related to specific properties can be added to the tracker
(optional) as time permits (e.g., solubility, state of matter at room temperature, and melting point):

Solubility is a measure of how much a substance breaks apart and mixes in the liquid it is
added to.
The state of matter of a substance at room temperature is related to the melting point of
the substance.
Substances float upward when they are less dense than the surrounding liquid, and they
sink downward when they are more dense than the surrounding liquid.
Mixing only one substance in a bath bomb with water does not cause gas bubbles to
appear.
The composition of matter is the same throughout a substance.

Identify the question we were working on. Ask students to look back at their individual progress tracker from yesterday to identify what
question(s) we were working on. Students should say things such as, What is in a bath bomb? And, what do each of those things do when added
to water?

Write the question(s) that students suggest (along these lines) as the question we should add to their progress tracker.

Identify the sources of evidence. Then ask students what sources of data we used to investigate this question. Students should recall the
three different sources of data. They may want to look back through recent pages of their notebook to find these. Help students agree
on these three:

Ingredients in store-bought bath bombs and homemade bath bombs
Observations of some of the individual ingredients in the bath bombs
Observations of what happens when different ingredients were individually added to water

Co-develop a list of key ideas that we figured out from our work with these sources of data. Use suggested prompts similar to these to
invite students to contribute ideas and to work with the ideas that others contribute:

Suggested prompts Sample student responses

What did we figure out using these sources of evidence? The bath bombs were made of lots of different ingredients.

None produced a gas when mixed alone with water.



5 min

Suggested prompts Sample student responses

What evidence did we use to tell us that none of the substances alone
mixed with water produced a gas?

They didn’t make bubbles.

The mass didn’t change.

What principle could we add to our progress tracker about what
happens to the weight in a closed system?

What principles did we use to help us argue about where the matter in
the system came from and where it was going when the gas
appeared?

The weight of the matter in a closed system does not change even
when the matter changes-like when it makes a gas.

Were there any other times we noticed where the mass didn’t change
when we combined substances together?

When it dissolved.

What were some other properties we used to identify the substances
besides whether they dissolved when mixed with water?

Color
Solubility
Melting point
State of matter at room temperature
odor

What principle could we add to our tracker about properties? Substances have properties that can be used to identify them.

Let’s bring our previous scientific principles list over.

Are there any other principles about the characteristics of matter that
we used to help us figure out if a gas was made that we should add to
our tracker?

Gases are matter that take up space and have mass.

Use follow-up prompts such as: Do you agree? Did anyone say the same idea in a different way? to encourage students to voice agreement
on ideas.

If time permits, this would also be a good opportunity to cue students to update their table of contents and the page numbers for their
growing body of evidence.

3 · NAVIGATION
MATERIALS: computer and projector, sticky notes, chart paper, markers

Mark off the ideas for investigations we have accomplished. Direct students’ attention to the list of ideas generated in lesson 1 for future
investigations that can be pursued. Use a sticky note to place check marks next to each idea that students say we have done. Examples
include: look up what a bath bomb is made of, take a bath bomb apart, etc.

Say, Our initial ideas for investigations to pursue helped us get started answering some of questions. But we should keep adding to this list as we
think of new ideas. Let’s get ready to do that now.



12 min

Share ideas for future investigation. Show slide C. Read the text on the slide, and give students a minute to share ideas with an elbow
partner.

Record these ideas as a class. Bring students back together and have them report their ideas. As each student shares an idea, ask how
many other people were talking about this idea too. It is likely that one of the most common ideas to try at this point will be to test
different combinations of bath bomb ingredients together. Add that idea to the list of ideas for investigation along with any other ideas
students raise.

4 · PLANNING OUR INVESTIGATION
MATERIALS: Combinations of Ingredients to Test, science notebook, computer and projector, sticky notes, chart paper, markers

Plan the investigation in small groups. Have students return to their regular seats. Present slide D. Give students about 3-4 minutes to
form small groups and discuss the two bullet points on the slide.

Plan the investigation as a class. Have a few students share the predicted number of possible combinations.

Say, I have a chart showing these 10 ingredients in each row of a table that also lists them in each column. Let’s see if we can use it to reason out how
many unique combinations there are for us to try.

Pass out a copy of Combinations of Ingredients to Test to each student.

Present slide E. Say, I was thinking we could have 10 groups, and each group could test all the combinations for each row in this table. For example,
group 1 could test coconut oil, which is listed at the start of their row, with each of the things listed at the top of the ten columns.

Ask, does anyone see any combinations in this row that it wouldn’t make sense for this group to do?
Students will say, Coconut oil with coconut oil.

Point out that this sort of redundancy is in other rows too. X these out together as you identify them as a class, as shown below.



Say, This leaves 9 combinations for each group to try. I will give each group an ice cube tray like this one, which has 12 spots in it.✱ Hold up an ice
cube tray to show the class.

Say, This will allow each group to test the 9 combinations they are assigned from their row and 3 other combinations that they want from anywhere
in the grid. Let’s assign the groups now.

ALTERNATE
ACTIVITY

In the current layout, every combination will be tested twice. Students may not notice that. If they don’t
bring this up, then move on.

If they do notice it, ask for a student to point out an example or two. If the class seems interested in this
sort of math problem, you could give them a minute to calculate how many unique combinations there are.
(There are 45 unique combinations). Then say, If we were pressed for supplies, we might skip the duplicate
combinations that groups would test. But we are more pressed for time, and having every group test their row is a
quick and easy way to plan and would give us two data points for each combination. Because more data makes us
more certain, let’s go ahead with the plan of having your group do your assigned row, and pick some additional
combinations you want to test too.

Assign group numbers to lab groups. Use slide E. Have students highlight the row that they are going to test.

Pick additional combinations of substances to test. Show slide F. Then have students discuss with their group what three additional
combinations they want to test. There are three people in a group, so allowing everyone a chance to weigh in on the one they want the
group to try should result in everyone making a contribution to their group’s plan. Have groups highlight these choices as well in their
handout.



3-5 min

20 min

5 min

Set up a key for the ice cube trays. Show slide G. Instruct students to work with their group to set up their key for which combination will
go in each cell of their tray. Also have them attach their Combinations of Ingredients to Test handout below their key.

5 · REFLECTING ON NORMS
MATERIALS: science notebook, index card, Norms poster

Assign Exit Tickets. Show slide H. For the questions shown on the slide, have students write their responses on an index card you pass
out to each student or on a separate piece of paper. Collect the responses before students leave.

End of day 1

6 · PLANNING AND CARRYING OUT OUR INVESTIGATION
MATERIALS: Combinations of Ingredients Lab, science notebook, sticky notes, Norms poster

Add to the key for observations. Show slide I. Have students add a numbering system to each of the cells in their key so they can record
their observations on the next page of their notebook and easily cross-reference what was tested in that cell of the ice cube tray.

Review safety guidelines, material retrieval, and disposal. These laboratory experiments can be easily performed at regular work tables.
Materials that students use can be retrieved and returned to a storage bin. Remind students to be careful and not cross-contaminate
their eyedroppers between cups. Have students wear goggles throughout the lab.

Carrying out our investigation. Allow about 12 minutes for students to conduct their investigations. Listen in on student discussions
during this time to hear the types of noticings they raise. Also take note of the way they coordinate group work and how they make sure
that everyone in their group can see what is happening in each cell up close.

Update the class data chart. In the last 3 minutes of this lab, show slide J. Ask all groups to update their chart with the letter “Y” in any
cells that resulted in the appearance of bubbles and to send one person to the board to add sticky notes to the projected chart on slide
J. Explain that if there is already a sticky note in that cell, that they should stack theirs on it, slightly off-center, so we can see where
other groups got similar results.

7 · ANALYZING OUR LAB DATA AND NAVIGATION
MATERIALS: science notebook, computer and projector

Look for verification of results vs. conflicting results. Keep slide J projected with the sticky notes from all groups on the chart. Ask the
whole class to identify patterns in the data. Ask students how we can use this chart to make sure that each combination yielded the
same results for both groups that tested them. Students should say that there should be symmetry in the results.

Here are the anticipated results that each class should get.



20 min

Discuss possible causes. Project slide K. Read the two questions, and have students turn and talk about these with a partner for a couple
of minutes.

8 · ARGUING FROM EVIDENCE
MATERIALS: Lemonade mix labels, science notebook, computer and projector

Analyze the lemonade mix ingredients. Tell students that you want them to analyze the ingredients from each of the two lemonade
mixes on their own and start thinking about what this tells them that they can add to their progress trackers. Project slide L. Pass out
copies of Lemonade mix labels.

After a minute of keeping slide L up, show slide M. Emphasize that you want everyone to record their own discoveries in the individual
progress tracker, based on the work we did in our lab and the data we just analyzed.

With about 15 minutes remaining, shift to a whole class discussion.

Facilitate a building understanding discussion. Present slide N. Ask students to read the questions to themselves first and think about
them for a minute.

Point out that each question asks us to think about a different aspect of making an evidence-based argument, and that we will work with
these three questions as a whole group.

Ask students to summarize the key parts of arguing from evidence based on this poster. Reference the poster you made in Lesson 2
about these two parts of arguing from evidence as needed. Say, As we develop our ideas on these, I will follow up on the answers that people
share by asking the rest of you to weigh in on what you hear.

✱ STRATEGIES FOR THIS BUILDING
UNDERSTANDINGS DISCUSSION

Asking students to restate what another
student has said supports the goal of
students listening carefully to each other so
that they can work with others’ ideas. This
move can feel odd to students at first, so it
will help if you let them know ahead of
time that you will be asking this.



Say, I will ask things like “Can we restate what others said and explain why we agree or not?” Then I will ask
if we all agree or not. For us to be able to answer either of these questions, we have to be able to hear the
other ideas that people are sharing. That means we have to listen for understanding, and they have to speak
clearly toward us so we can hear them.✱

Say, I will also ask you to think about whether the information you heard referenced any evidence or
scientific principles that we have agreed on. I will ask you to snap your fingers if you heard evidence and
raise your other hand if you heard the use of a scientific principle. I will follow up by asking why or where you
thought you heard use of either evidence or a scientific principle.

Although you may not have time to gather in a full Scientists Circle, have students turn their chairs
so they can see others in the class, and others can hear their responses. 

KEY IDEAS Purpose of this building understandings discussion:
Develop an argument that citric acid and baking soda make gas when combined with water and
that the gas must be a new substance because it has different properties than the substances we
started with.

Listen for
Claims regarding the three substances that caused the appearance of gas bubbles: citric acid,
baking soda, and water.
Evidence

These 3 substances are the only combination of substances that we saw do this.
Citric acid was listed in the ingredients of the lemonade mix.

Claims regarding the gas in the bubbles: Is it any of the substances we started with, or is it a new
substance? The gas in the bubbles is a new substance
Evidence

The starting substances were solids and liquids at room temperature.
The substance(s) in the bubbles is a gas at room temperature.

Reasoning
Substances have properties that can help us identify them.

Different substances have different properties.
The state of matter of a substance at room temperature is a property.
Because of this property difference, the matter in the gas bubbles must be
different substance(s) than any of the three substances we started out with.

Start with talking about question 1.



Suggested prompts Sample student responses Follow-up questions

What claim would you make about the key
combination of substances that are
interacting together to cause the gas
bubbles to appear?

Baking soda, citric acid, and water How many people agree with this
statement?

How do we know this? We tested one at a time and they did not
react in water.
Only the citric acid with baking soda in water
or the lemonade mix with baking soda in
water caused bubbles to appear.
The only ingredient common to the
lemonade mixes AND that was a substance
we tested by itself (along with baking soda
by itself) was citric acid.

Who can restate what our last speaker said,
and who can say what parts of it they agree
with, disagree with, or can add to?

Let’s take a show of thumbs up if you hear
evidence and can state what the evidence is
and why it counts as evidence.

Students should be giving thumbs up on this
sort of response and point out each of the
pieces of the response that are related to
things we actually observe.

Problematize what we know about the gas that is made. Say, so we know that a gas is produced when these ingredients are combined but what
IS that gas? Is it any of the substances we started with, or is it a new substance(s)? Give students 30 seconds to think about their responses to it
before taking volunteers.

Suggested prompts Sample student responses Follow-up questions

What IS that gas? Is it any of the substances
we started with, or is it a new substance(s)?

I think it is something new

Maybe it is baking soda or water or citric acid
just in gas form.

Tell us more about what you are thinking.

What ideas do you have to support your
claim?

What did we observe about the state of
matter of those substances at room
temperature?

Baking soda was a solid, citric acid was a
solid, and water was a liquid.

Does everyone agree that this is something
we observed?

So then what is true for any sample of baking
soda we find at room temperature? What
state of matter would it always be in?

It should still be a solid. How about citric acid? Water?

How do we know this? Why do we think its
state of matter would not change?

The state of matter at room temperature is
a property.

Let’s take a show of thumbs up if you heard
evidence used and can state what was said
that counts as evidence.

Again, ask students to restate the arguments they heard. As students restate the argument, write it on poster paper for the whole class to
reference.



Take a poll of how many students heard/saw the use of evidence. Do this again for the use of scientific principles that were written out.
Ask students to explain which part was which and why.

Listen for responses such as:
When we said we saw that baking soda was a solid, citric acid was a solid, and water was a liquid, this was evidence because it is a
summary of the data and was something we observed.
We know that the state of matter at room temperature is a property. And we know that properties are something that don’t change for the
same type of substances. They are constant. These are restatements of parts of the scientific principles we are using when we say this sort
of thing.

Suggested prompt Sample student response

So can citric acid, water, or baking soda be a gas at room
temperature?

Listen for which of these two directions the students go in their
responses to determine which direction you need to go (see alternate
activity callout):

No. Citric acid would always be a solid and so would baking soda.
Water would always be a liquid.

Maybe. Couldn’t this stuff turn into a gas at room temperature?

If students agree that they can’t be gases at room temperature, then skip the alternate activity callout here and keep going. If students
suggest that these substances might be boiling, follow the alternate activity callout guidance.

ALTERNATE
ACTIVITY

Students may raise the idea that the substances we started with turn into a gas, like water does when it
boils. If so, use the data on supplemental slide O to help address this alternate explanation. Students will
have last worked with the idea of different boiling points for different substances when they worked with
water and atmospheric gases in OpenSciEd unit 6.2. Explain that boiling point is also a property of
substances, and it is the temperature at which the particles of that substance break away from liquid form
and turn into the gas form of that substance. Ask students to compare these to the temperature of the stuff
in the matter of the system when we combined it together. By this point in the unit, students should have
noted that the temperature of the system actually drops a bit when bath bombs react. You could test that
again for just baking soda, citric acid, and water if needed at this point, to help provide evidence that
nothing in the system is warming up, and therefore can’t reach a high enough temperature to boil.

Suggested prompt Sample student response

What can we conclude about the gas in the bubbles? Is it one of these
substances we started with, or is it a new substance?

It must be a different substance.

How do we know? Its state of matter at room temperature is different.

Why does that help us determine that it must be a new substance? Different substances have different properties. The state of matter
at room temperature is a property, and it is different than the
starting substances, so it must be a different substance.



Again, ask students to restate the arguments they heard. As students restate the argument, write it on poster paper for the whole class to
reference.

Take a poll of how many students heard/saw the use of evidence. Do this again for the use of scientific principles. Ask students to
explain which part was which and why.

Listen for responses such as:
When we said we saw the bubbles filled with gas and that we’ve captured the gas before to see that it took up space and has mass, even
though the gas itself wasn’t visible, this all counts as evidence because it summarizes the data we collected. These are all based on the
observations we took.
We know that the state of matter at room temperature is a property. And we know that properties don’t change for the same type of
substance--they are constant. Because the properties changed, the substance must be something different than what was there before.
All of these statements are ways of stating pieces of our scientific principles in different ways.

Post the poster papers you made with a record of the arguments created by the class as a reference for the next lesson.

Additional Lesson 4 Teacher Guidance

SUPPORTING
STUDENTS IN
MAKING
CONNECTIONS IN
ELA

CCSS.ELA-LITERACY.SL.7.1.C Pose questions that elicit elaboration and respond to others' questions and
comments with relevant observations and ideas that bring the discussion back on topic as needed.

CCSS.ELA-LITERACY.SL.7.1. Follow rules for collegial discussions, track progress toward specific goals and
deadlines, and define individual roles as needed.

Both of these ELA goals are the focus of the discussion in the Scientists Circle on day 1 of this lesson, when
the class is working together to decide how to update their progress tracker. Focus on connecting questions,
sources of evidence, what we observed, and key science ideas so that students will create an agreed upon
set of consensus ideas to add to the progress tracker. All of these activities rely on the first ELA goal above.

The framing for the first day of this lesson, where students pick a norm to focus on at the start of the period
and then reflect on individual and class progress toward it in the exit ticket, is designed to support the
second ELA goal above.

Use student responses from their exit ticket to revisit, reinforce, or refine norms for collegial discussions as
needed at the start of day 2 of this lesson.

Both of these goals are also the focus of the discussion at the end of day 2 of this lesson, when the class is
engaging in arguments from evidence to draw on ideas from their individual progress tracker and scientific
principles to make new arguments (the appearance of new substance(s) in the form of a gas that were not
there before). The teacher should focus the discussion on having students restate and work with the ideas of
their peers. This is an explicit support and scaffold for helping students engage in the first learning goal
listed above.


