
LESSON 6: How can particles for a new substance be formed from the old particles we
started with?

PREVIOUS LESSON We analyzed the density and flammability data for common gases. We tested the flammability of the gas from the bathbomb. We carried out an
investigation to see if the gas from the bathbomb rises or sinks. We argued from evidence that the gas from the bath bomb can be narrowed down to three
candidate substances

THIS LESSON 
 

PROBLEMATIZING, PUTTING PIECES
TOGETHER 

 
1 day 

 

We work as a class to summarize and review all of the science ideas we have figured out through the
investigations we have done so far in order to put all the pieces together. We develop a new way to
represent what we figured out, using an input/output table. We identify an unanswered question about
where the particles that make up the substance(s) of the gas came from and individually develop a model
to try to explain this.

NEXT LESSON We will further develop our model for making new particles from old particles using manipulatives. We will read about what Dalton and other scientists did
to test this idea. We will carry out two of their investigations. We will argue that in both cases, we will be able to figure out if there are new particles in the
gases that form by testing properties of the gases.

BUILDING TOWARD NGSS 
 

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

WHAT STUDENTS WILL DO 
 
Develop and revise a model to predict and describe the unseen interactions between particles (patterns) in a physical system and show that
matter is conserved in a process that takes the type of particles that make up starting substances (system inputs) to somehow make new
type(s) of particle(s) in the ending substances (system outputs).
 
WHAT STUDENTS WILL FIGURE OUT 
 

Different substances are made of different materials throughout.
The substances in the gases must be made of a different particle than those in the matter we started with.



Lesson 6 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 5 min NAVIGATION
Gather in a Scientists Circle to review student responses from the end of the last class.

A chart paper, different colored markers,
computer and projector,

2 17 min TAKING STOCK OF WHAT WE HAVE LEARNED
Remain in a Scientists Circle to summarize and review science ideas figured out in lessons 1-5. Record
ideas in a new model table.

B-E chart paper, different colored markers,
computer and projector,

3 17 min A NEW CONSENSUS MODEL
Remain in a Scientists Circle, review the initial consensus model, and consider revisions. Revise the new
model table to include sketches based on revisions to the initial consensus model.

F-H chart paper, different colored markers,
computer and projector, initial consensus
model from Lesson 1,

4 7 min NAVIGATION
Leave the Scientists Circle and have students consider individually how new substances might be made
from the initial substances. Students should describe ideas in words and pictures in their science
notebooks.

I

End of day 1



Lesson 6 • Materials List
per student per group per class

Lesson materials science notebook chart paper
different colored markers
computer and projector
initial consensus model from Lesson 1

Materials preparation (20 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. 

Arrange desks in a Scientists Circle and have the initial consensus model displayed so that everyone can see it. You will be creating a new model that will be easier to draw if you have
chart paper in landscape orientation. You may want to have multiple pieces of chart paper to use or you can use a long piece of butcher paper.

Bring multiple colored markers to use on chart paper for this.



Lesson 6 • Where We Are Going and NOT Going

Where We Are Going

The lesson is designed to help foreground a couple difficult to reconcile aspects of what the class has figured out so far, namely that (1) a new substance(s) that wasn’t in the system
before, which makes up the gas, appears and that implies the formation of new particles, (2) the amount of matter in the system hasn’t changed in the process that led to the formation
of new particles, and (3) each of the three substances we started with that led to the formation of the new substance were made of their own type of particle throughout.

This seemingly contradictory set of occurrences is foregrounded at the end of this lesson. It is at this point that students are asked to try to revise the model to account for these
occurrences, when they are asked to discuss these questions with a partner: How can you take certain types of particles (point to the model you have drawn to represent the initial substances) and
make them into new kinds of particles? You know the new stuff has to come from the old stuff because NONE of the matter disappears--we figured that out way back in lesson 2. But HOW can both
happen? After this discussion, students are prompted to record their ideas in words and sketches on the notebook page they prepared.

In the next lesson, the class will agree upon a new hypothetical explanation for the formation of the new substance(s) that make up the gas. That explanation will be: Maybe particles
that make up substances (e.g. water molecules) can be joined together or broken apart. This will motivate the work of the second learning set, to develop a model that necessitates the
idea of atoms --which will be introduced as a topic in lesson 10 --and explains what is happening with the particles (atoms) that make up molecules during the process that forms new
substances. By the end of this next learning set, the model will become the particle level explanation of what is happening in a chemical reaction.

Where We Are NOT Going

We are not introducing the idea of atoms in this lesson. Students may raise the idea independently, but it is unlikely they have ever thought about why atoms are needed to explain
certain phenomena and what evidence we have for their existence. This lesson and the next learning set give them opportunities to either dissect their prior ideas on what happens
when new substances are formed or build up those ideas with their classmates based on their work with the bath bomb and additional investigations that will produce different gases by
adding energy to water.



5 min

17 min

LEARNING PLAN for LESSON 6
1 · NAVIGATION
MATERIALS: science notebook, chart paper, different colored markers, computer and projector

Gather in a Scientists Circle. As students come in to class, have the chairs or desks arranged in a Scientists Circle. Show slide A. Ask
students to bring their science notebooks to the Scientists Circle, open to the page with their responses to the question from the end of
the last class. After a few students have shared their ideas, ask if anyone has thoughts about how we might investigate our new ideas.

Say, You have some very interesting ideas that we should explore further (or say, We are not sure how to investigate these ideas but maybe we can
figure out some ways when we learn more). You have some great ideas about the particles that make up substances from our very first lesson. Let’s
see how our new ideas about particles compare to our ideas on the initial consensus model poster.

2 · TAKING STOCK OF WHAT WE HAVE LEARNED
MATERIALS: science notebook, chart paper, different colored markers, computer and projector

Take stock of what we know now. Advance slide A. Say, In this lesson, we will consider this question first: What are some things we think we
can say at this point about our anchoring phenomenon that are supported by evidence? Before we start, could someone restate our driving question?
What are we building consensus about?

Students should restate the modified unit question: How can we make something new that was not there before? Emphasize that the
“how” is at the heart of what we have been trying to figure out.

Call students’ attention to the initial consensus model. Say, We ended lesson 1 with this consensus model (show the model). We used this to
represent what was happening at a scale we couldn’t see. Let’s summarize this work in a slightly different format and use it to organize everything
we have discovered so far.

Use a new piece of chart paper to record this model as you summarize what is represented in the consensus model from lesson 1.

Say, It looks like we knew we had two different things to start with--a solid and a liquid--and we represented them in the two circles on the left-
hand side of our poster.

Prepare a table to represent our model. Draw a table similar to the one below on a piece of chart paper that is landscape oriented.
Leave room to add ideas to the three columns and also leave room to add another column on the left and right of your initial table
(shown in gray here) but do not initially draw these side columns. Fill in the first column now. Say, We began by adding a solid bath bomb
to liquid water.



What we saw
unmixed

(matter inputs)
Mixed together

What we see
after

(matter outputs)

solid

+

liquid

→ ? ? ? →

liquid

+

gas
(bubbles)

Add to the model table. Say, We had a lot of questions about the middle circle that represents the time right after we added the bath bomb to
water. You also had some ideas about the gas bubbles that appeared and the liquid that remained (add arrows and question marks to the
middle column and gas and liquid to the last column).

Say, We have learned a lot about how a bath bomb interacts with water and about the things (point to the last column) that are produced when that
happens. Let’s think about our journey; what we learned from the lessons we have completed and the investigations we have done to learn more
about the bath bombs.

Reviewing and recording key ideas from Lesson 2. Ask students to turn to their answers to the lesson 2 question: Where is the gas
coming from? They recorded their responses at the end of lesson 2. Use the dialog below to elicit student ideas. Show slide B.

Suggested prompts Sample student responses Follow-up questions

The lesson 2 question was: Where is the gas
coming from? What did you figure out?

It had to be coming from something that was
already there.

How do you know that? What is your
evidence?

So the mass did not change before and after
the reaction. What would you say to a
student who still thinks that the gas was
created as something brand new because a
gas does not have any mass--so it would not
change the mass after?

Gases do have mass!

A gas is matter and matter has mass.

How do you know that? What evidence do
you have to support your claim?

As students recall scientific principles, point them out on the poster. Do the same for scientific vocabulary that they use in their
responses.

Adding to our new model table. Add the new information to the model table using a red marker. Use a new color for the addition of
each lesson’s information to the table and make a key as you go.



What we saw
unmixed

(matter inputs)
Mixed together

What we see
after

(matter outputs)

Mass of
solid

+

Mass of
liquid

→ ? ? ? →

Mass of
liquid

+
Mass of

gas
(bubbles)

Key
Lesson 2

Total mass before = Total mass after

Reviewing and recording key ideas from Lesson 3. Show slide C. Have students turn to their Progress Trackers and find the entry from
lesson 3. That lesson question was: What’s in a bath bomb? Work with the students to recall the investigations they did for this lesson.
In those investigations, students looked at the list of ingredients for a bath bomb and recorded property data for each ingredient. They
worked in small groups to individually test two different ingredients in water. They learned about the solubility of these substances in
water.

Say, Look at your Progress Tracker and the ideas you recorded in the “what I figured out” column. Lead a short discussion to elicit student ideas
about what they learned. Use the example dialog to guide your discussion.

Suggested prompts Sample student responses Follow-up questions

What were some things you figured out in
this lesson?

We figured out that some of the ingredients
dissolved and some didn’t.

Can you describe what happened that
helped you know that?

What does it mean to dissolve? It means that the particles in the solid break
apart into particles too small to see and
mixes completely with the water.

Is there a place we can capture this on our
new model table?

Adding to our new model table. Add the new information to the model table using a blue marker. Use a new color for the addition of
each lesson’s information to the table.



What we saw
unmixed

(matter inputs)
Mixed together

What we see
after

(matter outputs)

Mass of
solid

+

Mass of
liquid

→ ? ? ? →
Some solids

dissolve in the
water

Mass of
liquid

Some solids dissolve in the
water

+
Mass of

gas
(bubbles) Key

Lesson 2
Lesson 3Total mass before = Total mass after

Reviewing and recording key ideas from lesson 4. Show slide D. Have students turn to notes and entries they have for lesson 4. That
lesson question was: Which combinations of the substances in a bath bomb produce a gas? Work with the students to recall the
investigations they did for lesson 4. Those were to combine the ingredients two at a time to find out the key ingredients that produce
the gas bubbles when the bath bomb was placed in water.

Lead a short discussion to elicit student ideas about what they learned. Use the example dialog to guide your discussion.

Suggested prompts Sample student responses Follow-up questions

What were some things you figured out by
combining two substances at a time?

We figured out that only two substances
combine to produce the gas bubbles.

What two substances were the key ones for
making the gas?

Did you find out anything else in this lesson? All bath bombs that fizz have both baking
soda and citric acid. Even the ones with
lemonade mix have citric acid because the
lemonade mix has it.

We have a little more information to add to
our table. What should we add?

Adding to our new model table. Add the new information to the model table using a purple marker. Use a new color for the addition of
each lesson’s information to the table.

Say, Since we figured out that all bath bombs have baking soda and citric acid in them and those are the substances that interact to make the gas
bubbles, can we just include these in the solids that we start with? All of the other ingredients are just “extra”--it is the baking soda and citric acid that
give us the fizz. Add this to the first column.

Then say, Wait! We start with solids and a liquid, and get liquid and a gas! That is weird! This gas is very different than the stuff we started with. We
know from lesson 2 that the gas had to come from the stuff we started with but it is definitely different stuff! Let’s add that to our table. Add that
the gas is a new substance.



What we saw
unmixed

(matter inputs)
Mixed together

What we see
after

(matter outputs)

Mass of
solid(s)

(baking soda
and citric acid)

+

Mass of
liquid

→ ? ? ? →
Some solids

dissolve in the
water

Mass of
liquid

Some solids dissolve in the
water

+
Mass of

gas
(bubbles)

(new substance(s))
Key

Lesson 2
Lesson 3
Lesson 4

Total mass before = Total mass after

Reviewing and recording key ideas from lesson 5. Show slide E. Have students turn to the notes and entries they have for lesson 5 or
hand out their completed arguments from the end of that lesson. That lesson question was: What gas(es) could be coming from the
bath bomb? Work with the students to recall the investigations they did for lesson 5. In that lesson, they were able to determine the
relative density and flammability of the gas from the bath bomb. With these properties, they were able to narrow down the possible
gases to argon, nitrogen, and carbon dioxide.

Lead a short discussion to elicit student ideas about what they learned in this lesson. Use the example dialog to guide your discussion.

Suggested prompts Sample student responses Follow-up questions

What were some things you figured out
about the properties of the gas that could be
coming from the bath bomb?

We figured out that the gas from the bath
bomb was denser than room air.

We also figured out that the gas from the
bath bomb was not flammable.

How did you figure that out? What evidence
do you have that this is true?

Density and flammability are properties
that were useful to help us figure out what
gas is coming from the bath bomb. What
gases have the properties that match what
we saw in our investigations?

argon

carbon dioxide

nitrogen

Do we have evidence that the gas from the
bath bomb is just one gas? Could it be a
mixture of these gases?

Let’s add this information to our model table.

Adding to our new model table. Add the new information to the model table using a green marker.

Say, Let’s add the gases that we think it might be to our model table. It seems we are in agreement that this gas was not there to begin with. Add
this information to the last column.



17 min

What we saw
unmixed

(matter inputs)
Mixed together

What we see
after

(matter outputs)

Mass of
solid(s)

(baking soda and
citric acid)

+

Mass of
liquid

→ ? ? ? →
Some solids

dissolve in the
water

Mass of
liquid

Some solids dissolve in the
water

+
Mass of

gas
(bubbles)

(new substance)
(argon, nitrogen,

and/or carbon dioxide)

Key
Lesson 2
Lesson 3
Lesson 4
Lesson 5Total mass before = Total mass after

3 · A NEW CONSENSUS MODEL
MATERIALS: science notebook, chart paper, different colored markers, computer and projector, initial consensus model from Lesson 1

Point out key ideas from the initial consensus poster. Show slide F. Place the initial consensus model where everyone can see it.

Say, Let’s take a look at our original ideas again. Our original consensus model included our ideas about particles. We do not have anything about
particles in our new model table. Let’s add space to include our ideas about what is happening that we cannot see.

Add the two additional columns on the left and right side of the model table and add headings to these two new columns. It should
look like this:

Type of particles before
mixing

What we saw
unmixed

(matter inputs)
Mixed

together

What we see
after

(matter outputs)
Type of particles after mixing

Mass of
solid(s)

(baking soda and
citric acid)

+

Mass of
liquid

→ ? ? ? →
Some solids
dissolve in
the water

Mass of
liquid

Some solids dissolve in
the water

+
Mass of

gas
(bubbles)

(new substance)
Key

Lesson 2
Lesson 3
Lesson 4
Lesson 5

Total mass before = Total mass after



Record ideas in our science notebook. Show slide G. Have students think individually for a few minutes about what revisions they want
to add to the particle models from the initial consensus model. Ask students to record their ideas in their notebooks.

Show slide H. Say, Turn and talk to a partner about the ideas you have to update the consensus model. What do we need to change and why? Allow
students a couple of minutes to share their ideas with a partner.

Consider revision ideas as a class. After students have had time to discuss with a partner, say, It seems you have lots of ideas on how to
revise this model. Let’s look at it together. We will move clockwise around the poster starting with how we represented water. Share your ideas for
revision so we can make sure that we have everyone’s ideas to consider.

Use the suggested dialog to bring out student ideas. Instructions for entering their ideas are given in italicized font in the “follow-up
questions” column of the table below.

Suggested prompts Sample student responses Follow-up questions

How did we represent the different particles
in these materials?

We used circles.

But we used some different colors.

What did using different colors mean for our
model?

It looks like for water we used circles that
were blue. What did that represent?

That all the particles for water are the same.
And they are spaced close together and their
position is random--like a liquid.

Who remembers what we call matter that is
made of the same type of matter
throughout?

Do you think we need to change this
representation? (This representation is fine.
Redraw it in the first column of the model
table at the bottom of the first column. See
the example of a completed table below.)

So, water is a substance and we have
represented it with the same type of particle
throughout. What about the bath bomb? Is
the way we represented it OK or do we need
to revise our model?

It looks like we used a different color
because we knew it was different from
water.

But we used all circles--a bath bomb is a
mixture which is a blend of two or more
substances.

How could we modify what we have, so that
we account for the evidence we agree is
important to consider? (Encourage the class
to use different shapes for every substance
they have in the model. For the solid bath
bomb, they should use two different shapes
that are not circles to represent baking soda
and citric acid. Begin a shape key for your
models.)

We drew the circle in the middle to represent
what was going on right when the bath bomb
was put in the water. I see a lot of question
marks--we had lots of questions about what
was going on there! Do you think we should
revise this part? Have we learned anything
that will help here?

We learned that some of the things in a bath
bomb dissolve in the water.

What about baking soda and citric acid, do
they dissolve? Are they soluble?



Suggested prompts Sample student responses Follow-up questions

What does it mean to dissolve? Well, our definition says that when a solid
dissolves in a liquid, the solid breaks apart
into particles too small to see and it mixes
completely in the liquid.
We couldn’t tell that the solid was there
because we couldn’t see it anymore.

Do we need to revise this part of the model?

How should we revise it? Remember we
have a circle for the liquid (bottom right).

Do we still have questions about this part?
(The class should agree on a way to
represent dissolving. In the representation,
the particles either need to be much smaller
(with the same shape that was decided upon
for the model in the center), or the label of
the picture should say it is zoomed in much
closer to the dissolved substances. Before
moving to the liquid in the matter outputs
column, move to the next question.)

Ok, let’s represent the liquid after we mixed
the substances together. Do you think that
the liquid might also be something new since
we got the new gas?

Yes!

I’m not sure.

Do you have ideas for what the liquid could
be?

How should we represent the mixed liquid?
(For this representation, students should
suggest different shapes and they might say
to include water. Draw some different
shapes or symbols along with water. Since
they still have questions, keep the question
marks as part of the model.)

We also made the model of the gas. We used
circles again and they were red. Do we need
to change anything based on what we have
figured out?

We know that to start with, the gas was
something that was not there, so we need to
use a new shape to represent the gas.

I think we need three new shapes because I
think the gas is a mixture of argon, carbon
dioxide, and nitrogen.

Is there more evidence or clarification
needed before we can come to an
agreement? What is that?

So, it seems we are not all in agreement on
how we should represent the gas.

Some think one gas is produced, and others
think it might be a mixture of all three. Do we
have evidence that it is one way or the other?

Yes, we have evidence that the gas is more
dense than air and non flammable.

But argon, carbon dioxide, and nitrogen all
have those properties--we don’t know which
one the gas is or if the gas is all of them
mixed together.

It sounds like we don’t have any evidence yet
to help us come to consensus on one
representation. How can we model this gas
so that all of these ideas are represented
until we learn more? (Add two circles for the
gas bubbles--one that represents a single
gas and one that represents a mixture of
gases. Be sure to label these two circles and
add them to the key.)

Is there anything else we should revise about
our model?

Consider all responses.



ADDITIONAL
GUIDANCE

When they discussed how to represent the resulting gas in the right column, the students established that
the gas is not a change of state from the original three substances (baking soda, citric acid, and water). If
some students are still holding on to the idea that the gas is a change of state, resolve this by asking them
to double-check the table of properties from the ingredients. They will see that the boiling points of these
substances are much higher than room temperature.

Check in with the class. Ask the class, Who feels like we have not heard or represented their ideas in our revisions?

Example of a completed table model:

If time permits, now is a good time to have students update their table of contents and page numbering in their science notebooks.
Make sure to leave 7 minutes for the next step.



7 min4 · NAVIGATION
MATERIALS: science notebook

Leave the Scientists Circle and return to classroom seating. Show slide I. Have students turn to a clean page in their notebooks and title
the page, “My Ideas for How the New Gas was Formed.”

Ask the class, How can you take certain types of particles (point to the model you have drawn for the beginning substances) and make them
into new kinds of particles? You know the new stuff has to come from the old stuff, because NONE of the matter disappears--we figured that out
way back in lesson 2. But HOW can both happen?

Sharing with a partner and individual ideas. Show slide I. Give students a couple of minutes to discuss any ideas they have with a
partner. Ask them to record their ideas in words and sketches on the page of their notebooks that they prepared. Have students

flag this page so you can look at it before the next class begins.

ASSESSMENT
OPPORTUNITY

The end of this lesson is a key opportunity to take stock of students’ initial ideas before the next lesson,
when the class will quickly agree upon a new hypothetical explanation for the formation of the new
substance(s) that makes up the gas. That explanation will be: Maybe particles that make up substances (e.g.
water molecules) can be joined together or broken apart. It will be useful to determine if this is an idea that
some students are moving towards independently and/or if students are bringing prior ideas about what is
happening with the particles (atoms) that make up molecules during the process that formed the
substances in the gas (a chemical reaction).

Look for these ideas:
Particles that make up the initial substances could have been joined together to make new particle
clusters that are new substances, but these are still made of the same type of smaller particles we
started with.
Particles in the initial substance can be broken apart into smaller particles that are new substances,
but the particles we start with are made of the same type of particles we end up with.

Additional Lesson 6 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.B 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. The focus connecting
questions, sources of evidence, what we observed, and key science ideas of other students create an agreed
upon set of consensus ideas to add to the Progress Tracker. These facets of the Scientists Circle rely on both
of ELA goals above.


