
LESSON 10: Can the molecules that make up other substances be broken down into
smaller pieces to make new substances with new properties?

PREVIOUS LESSON We carried out an investigation to test the flammability of gases produced by providing energy to water with electricity. We revised our models to reflect the
particle level changes happening when we produced gases from water by heating (boiling) vs. with electricity (electrolysis).

THIS LESSON 
 

INVESTIGATION 
 

2 days 
 

 

We gather and summarize information from a reading on investigations that Dalton and other scientists
did and molecular models they developed for atoms, compound particles, chemical reactions, and
substances. We will individually use those models to predict and explain what gas is produced in the bath
bomb reaction and what is happening to the particles in the system.

NEXT LESSON We put all of the pieces together to build a revised model and scientific explanation to answer this question: How is it possible that a new substance (the gas)
was produced and the total mass of the closed system didn’t change?

BUILDING TOWARD NGSS 
 

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

WHAT STUDENTS WILL DO 
 
Gather and communicate information from a scientific text adapted for classroom use to determine the central ideas of Dalton’s atomic
theory with regard to the patterns in the particulate structure of matter that makes up all substances.

Develop and use a model based on patterns in molecular structures of different substances to predict what gas is produced (effect) in the bath
bomb reaction, to explain what is happening to the particles (matter / patterns) of the substances in the system to cause this (unobservable
mechanism).
 
WHAT STUDENTS WILL FIGURE OUT 
 

Molecules are made of atoms and all the substances in our world are made of very few types of atoms.
The same substance is made of the same type of molecules (or atoms throughout). The number, type, and arrangement of atoms in
the molecules that make up a substance are unique to that substance.
In a chemical reaction, the particles that make up old substances can be broken apart and the atoms that make them up can be
rearranged into new compound particles to make new substances.



Lesson 10 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 3 min NAVIGATION: INDIVIDUAL PREDICTIONS
Share individual predictions and connections about whether particles of other
substances (besides water) can be broken down into smaller pieces.

A computer and projector,

2 8 min ORIENTING TO THE GOALS OF THE READING
Read and annotate a historical reading about Dalton and his questions,
investigations, and findings as he developed ideas about the particles of a
substance.

A-B A summary of some historical investigations and discoveries into the
particle nature of matter, white board, markers, computer and
projector,

3 10 min ENGAGING IN THE READING
Continue to more about the work that Dalton did and annotate the reading.

D A summary of some historical investigations and discoveries into the
particle nature of matter, computer and projector,

4 5 min ADDING TO INDIVIDUAL PROGRESS TRACKERS
Add science ideas from the reading to the individual Progress Trackers.

D A summary of some historical investigations and discoveries into the
particle nature of matter, computer and projector,

5 18 min NOMINATE NEW SCIENTIFIC PRINCIPLES TO ADD TO THE CLASS LIST
Move to a scientist circle to share ideas for important scientific principles to add to
the class list. Update diagrams of water molecules.

E chart paper, markers, computer and projector, lesson 9 class poster
of physical change vs. chemical reaction for water,

End of day 1

6 5 min NAVIGATION
Connect to the anchoring phenomena by sharing how the substances in a bath
bomb might be explained by the new scientific principles.

F computer and projector,

7 15 min EXPLORATION OF MOLECULAR MODELS
Manipulate and discuss various types of models to represent atoms and molecules.
Discuss strengths and limitations of different model types.

G computer and projector,

8 5 min COMPARE MOLECULAR STRUCTURES
Facilitate a brief Consensus Discussion to review ideas the class has figured out.

J computer and projector,

9 15 min USE MOLECULAR MODELS TO REVISE AN EXPLANATION OF THE ANCHORING
PHENOMENON
Revise explanations of the anchoring phenomenon using molecular models.

K Constructing a revised explanation, computer and projector,

End of day 2



Lesson 10 • Materials List
per student per

group per class

Lesson
materials

A summary of some historical investigations and discoveries into the particle
nature of matter
science notebook
Constructing a revised explanation

computer and projector
white board
markers
chart paper
lesson 9 class poster of physical change vs. chemical reaction
for water

Materials preparation (20 min. 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. 



Lesson 10 • Where We Are Going and NOT Going

Where We Are Going

We will be introduced to many of Dalton’s ideas related to atomic theory. These ideas will not be new to students. Most of these concepts simply formalize and confirm the ideas we
have built up from trying to make sense of phenomena up to this point. They also introduce scientific names to a few things we have been talking about. For example, students learn to
refer to smaller particles as atoms and clusters of these smaller particles as compound particles or molecules.

Future lessons in this unit will continue to distinguish between atoms and molecules when referring to particles that make up matter. Ideas about what changes are occurring to this
matter will also be discussed.

The idea that in a chemical reaction the particles that make up old substances can be broken apart and the atoms that make them up can be rearranged into new compound particles
(molecules) to make new substances was drafted in an earlier lesson, without naming the particles as atoms or molecules. The updated description of what is happening to the matter in
a chemical reaction, as discussed in this lesson, will be revisited in subsequent OpenSciEd units, such as 7.2 (chemical reactions and energy), 7.3 (metabolic reactions), and 7.4 (matter
cycling).

Where We Are NOT Going

We use the word “compound” as an adjective to describe a type of particle that is made of more than one smaller piece (atom) in a way that is analogous to how the term is used for
describing “compound words” in language, rather than emphasizing the scientific definition of a “compound” - which is a substance composed of two or more separate elements. We do
not introduce the word “element” in this lesson.

Some of the molecular models students work on in day two show representations of the bonds between atoms within molecules as lines. Other models do not represent bonds. No
effort is made to discuss what the lines in the models show, other than as a geometric arrangement and orientation. Bonds are a concept that is not introduced in this unit. They are not
discussed in other OpenSciEd units either, as they are high school disciplinary core idea.



3 min

8 min

LEARNING PLAN for LESSON 10
1 · NAVIGATION: INDIVIDUAL PREDICTIONS
MATERIALS: computer and projector

Share individual predictions. Show slide A. Give students a moment to read both questions.
Then take a poll on the first question.

Can the particles (molecules) of other substances be broken down into smaller pieces to make new substances with new
properties?

Most students are likely to predict yes. Follow up with discussing the second question, shown as a suggested prompt below.

Suggested prompt Sample student response

How could the answer to this question help us explain how the new
substance(s) in the gas from our bath bomb are produced?

The particles of the baking soda and/or citric acid and/or water could
be breaking down into smaller pieces when they are mixed together.

The particles that make up the substances in the gas could be a
smaller piece of the particles that make up one or more of the
starting substances.

2 · ORIENTING TO THE GOALS OF THE READING
MATERIALS: A summary of some historical investigations and discoveries into the particle nature of matter, white board, markers, computer and projector

Frame the purpose of the reading. Revisit the first question on slide A. Point out that this question has lots of interesting, smaller ideas
embedded in it.

Say, I have a reading that summarizes some of the results and discoveries from other scientists who investigated this question. Whenever you start
a non-fiction reading, it can be helpful to identify a particular question or questions you want to try to answer based on the reading. This helps you
look for different things in the text than if you didn’t have a framing question or questions. And if you get a reading that it is ok to write or highlight on,
it is helpful to write that question or questions at the top of the text you are about to read. Please do that please with this reading. Write the first
question on this slide at the top of it.

Pass out copies of A summary of some historical investigations and discoveries into the particle nature of matter. Say, As you are reading look for
connections that help answer this question. The question has lots of parts to it, so let’s highlight each of those parts. Show slide B. Highlight and/or
underline the three different parts of the question as shown on the slide.

Say, This helps remind us to look for text that helps provide information about any of these three things: particles of other substances, breaking
down into smaller pieces, or making new substances with new properties. Highlight and write on this text after you read it. When you are done, I want
to collect this reading from you to assess your progress toward interacting with the text to help develop answers to the questions we are trying to
figure out in our class. First, let’s work with a small part of the text to start with to practice.

Show slide C. Summarize the steps of the reading protocol on the slide. Ask if their are any questions.

Monitor student reading. Give students about 5 minutes to complete the protocol. Then, ask for a couple examples of connections
students found and ask what part of the diagram their example connects to and why.



10 min

KEY IDEAS Students may make connections to many everyday phenomena. This is great if they do. Two additional
connections you will want to help everyone notice are related to the introduction of the words atom and
compound.

It is likely that students may have heard the word atom before. However, since this is the first time it has
been introduced in an OpenSciEd unit, it is important to make sense of it in the context of how it was
introduced. Help foreground that the term atom gives a name to an idea we developed in lesson 8 - that
there might be smaller particles and bigger particles - and in this case, it looks like atoms are the smaller
particles that made up one substance.

Help students make sense of the phrase “compound particle.” Ask students what the word “compound”
means in an LA/LIT context and whether students have worked with compound words in those classes
before. If they have, ask for examples. If not, introduce some examples of these, such as middle school, ice
cream, real estate, self-esteem, factory-made, thirteen-year-old, notebook, bookstore, and fireman. Say, All
of these are considered compound words because they are formed when two or more smaller words are put together
to form a new word with a new meaning.

3 · ENGAGING IN THE READING
MATERIALS: A summary of some historical investigations and discoveries into the particle nature of matter, computer and projector

Present the reading protocol to students. Say, Let’s try these reading strategies with the remaining text. Remind students that you would like
to collect their handout at the end of class to assess their progress on working with text to help answer the lesson question.

Monitor students as they read and annotate.✱✱

✱✱ ATTENDING TO EQUITY
 
Instead of waiting until the end of the
period to review and assess the student
work to engage in this practice, use this
window of independent work time to
identify individual students in need of
additional coaching. It’s important to do
this coaching very subtly so as not to
distract other students or draw attention to
the students you see could use some more
guidance. If you find some students going
straight to highlighting, quietly approach
and squat down to talk with and help
redirect them so no other students can
hear. Remind them to engage in step 1 first,
as it is a strategy useful for making sense of
any text they read, and that you want them
to start with that step first. If you find some
students not interacting with their reading
after a few minutes, again, quietly go up to
them and ask to look over the annotations
they made so far. If they have a couple of
annotations made, give them positive
feedback (e.g. a thumbs up) and then
encourage them to start thinking about
how these ideas might be used to explain
what is happening with the bath bombs. If
they have neglected to make annotations



5 min

18 min

on page 1 or 3, ask them to revisit those
pages to see if they can document one
important connection on each.

4 · ADDING TO INDIVIDUAL PROGRESS TRACKERS
MATERIALS: science notebook, A summary of some historical investigations and discoveries into the particle nature of matter, computer and projector

Update individual Progress Trackers. Show slide D. Read the text at the top to emphasize that the ideas that students add to the Tracker
are ones you’d like them to propose to the class as scientific principles that the class should adopt in our next whole group discussion.
Encourage students to keep their annotated copy of A summary of some historical investigations and discoveries into the particle nature of
matter out to refer to as they do this.

Give students the remaining time to update their individual Progress Trackers.

In preparation for the next step, look at a few samples of student entries as they are writing. This will help you get a sense of some of
the ideas you will have to work with in preparation for the next step.

Collect student work on A summary of some historical investigations and discoveries into the particle nature of matter after students
have updated their individual Progress Trackers.

5 · NOMINATE NEW SCIENTIFIC PRINCIPLES TO ADD TO THE CLASS LIST
MATERIALS: science notebook, chart paper, markers, computer and projector, lesson 9 class poster of physical change vs. chemical reaction for water

Facilitate a Consensus Discussion. Show slide E. Move to a Scientists Circle and ask students to bring their science notebooks. Have
them turn to the last entry in their Progress Trackers.

Emphasize that the goal of this discussion will be for students to propose ideas that they think would be important scientific principles
for us to try to use to explain the bath bomb phenomena and for everyone to weigh in on these suggestions.

✱✱ STRATEGIES FOR THIS
CONSENSUS DISCUSSION
 

It is important that as you write
the ideas that are suggested on
poster paper or a white board,
you ask everyone to weigh in each
proposed idea - e.g. they should
consider if they had a similar idea.
If so, have them give a non-verbal
signal (like a shaking thumb).
It is also important for students to
work on restating and re-phrasing
the ideas suggested that you write
and to make sure it captures what
everyone thinks are the essential
pieces of it. Revise these ideas as
students make suggestions that
others in class agree with to help
clarify the proposed principle.
Don’t have students write these
principles down at this time. Have
them work on listening and
linking to the ideas that other
people share. They will transfer a
record of these principles to their
Progress Trackers in a later lesson,



KEY IDEAS Purpose of this discussion
Develop a set of scientific principles about atoms, compound particles, chemical reactions, and
substances.
Connect these principles to the models the class developed at the end of lesson 9.

Listen for and help foreground ideas similar to these:
Molecules of substances are made of atoms (smaller particles).
All substances in our world are made of very few types of atoms.
The same substance is made of the same type of molecule(s) throughout. The number, type, and
arrangement of the atoms in the molecules that make up a substance are unique to that substance.
In a chemical reaction, the particles that make up old substances can be broken apart and the
atoms that make them up can be rearranged into new combinations of particles to make new
substances.

Other ideas to be aware of:
You will later modify the third principle above to include that the same substance is made of the same type
of molecule (or atom(s)) throughout.

It is also possible that students will raise this idea:
Atoms are really small particles that can't be divided or destroyed.

If they do, add this idea. If other students suggest that this may not be true based on other phenomena
they have heard of related to nuclear processes, you could suggest that we modify the idea to say:

Atoms are really small particles that can't be divided or destroyed in chemical reactions or through
physical changes.

If this idea doesn’t come up, it is ok to omit it from the list at this time. Students will develop this idea
themselves, from their work on their small group models in lesson 11.

It is also possible a student will suggest this idea:
When a chemical reaction occurs, energy is added to one or more substances.

Ask other students to weigh in on this. Ask them to consider if that happened with all phenomena we
investigated where we made a new substance from old substances. This will likely help them recall that this
did not happen with the bath bomb (the temperature actually decreased in the system).

Review what we now know about the structure of water molecules. Use the model from lesson 8 to reflect on the new ideas we know
that we can apply to both models (of a physical change and chemical reaction). Use the suggested prompts below to help identify the
parts of the model that we can see at work with these new ideas.

Suggested prompt Sample student response

Where is a molecule of water shown in this model? Where are we
showing that it is made of atoms?

Students should indicate the water particles on the left side of the
arrow are molecules of water. They should indicate that the triangles
and squares are the atoms.

How many types of atoms are in these different substances? Two.

How many substances are shown in this chemical reaction? Three.

g
after they have tried using them
to explain the anchoring
phenomenon.



Suggested prompt Sample student response

Where in this model does it show that the old substances are breaking
apart and the atoms that make them up are forming new substances?

That isn’t really shown. It’s sort of implied as what is happening with
the arrow.

Add labels to the model to identify what is an oxygen atom and what is a water molecule.

Ask students what other things we know about this reaction that we can add to the model. Students will suggest the following:
We can cross off the words “methane or propane” and leave only “hydrogen” and “oxygen” as the gases that are produced.
We change the water molecules so that they have two identical particles (hydrogen atoms) connected to a different particle
(oxygen atoms).
We can show that electrolysis produces two times more hydrogen gas particles than oxygen particles.

Update the diagram to represent these changes.



5 min

Connect to the next day: Say, Before we commit to adding these principles to our class Progress Tracker, let’s try and see if these scientific
principles could be used to explain the bath bomb. Let’s do that first thing tomorrow.

End of day 1

6 · NAVIGATION
MATERIALS: science notebook, computer and projector

Connect to the anchoring phenomena. Show slide F. Give students a couple of minutes to discuss in partners the questions on the slide.
Then ask students to share some of the ideas they discussed with the whole class.



15 min

Suggested prompt Sample student response

Which of the new scientific principles that we nominated for adoption
in the last class are ones that could be used to explain what is
happening in the bath bomb? Why?

Students may make only some of the connections listed below:

If molecules of substances are made of atoms (smaller particles),
then that would be true for baking soda and citric acid too.

If substances in our world are made of very few types of atoms, then
baking soda and citric acid might be made of the same types of
atoms as other substances, like the gases that were produced.

If we could see what types of atoms are in the citric acid and baking
soda and compare these to the atoms in the substances we thought
could be in the gas that was produced (argon, nitrogen, or carbon
dioxide), we could determine whether a chemical reaction ended up
breaking apart the particles that make up old substances so that the
atoms that make them up could be rearranged into particles that
make up the substance of the gas.

7 · EXPLORATION OF MOLECULAR MODELS
MATERIALS: science notebook, computer and projector

Connect to why looking at alternate molecular models could be useful: Say, We started our own way of representing atoms with shapes and
we saw that Dalton also came up with his own way to represent them. Scientists have come up with quite a few different representations for atoms
and molecules. Some of these might be ones we find useful as we develop our final models and explanations for what is happening in our bath bomb.
Let’s get ready to look at some of these representations.

Compare molecular models of water. Show slide G. Prompt students to turn and talk with a partner about the patterns they notice
between the different models. Bring students back together after three minutes. Help students articulate patterns such as these:

In every case, atoms are represented as parts of a whole molecule.
Different atoms are represented with letters and/or a different color or shape (e.g., a circle).
In some cases, the atoms are shown connected in a certain order together but not in other cases (e.g., the chemical formula).
Numbers are used in the chemical formula to indicate something about how much matter there is.

Interpret and extend the chemical formula notation. Help students extend the number representation in the chemical formula and
recognize limitations and advantages of the chemical formula model. Use the suggested prompts below.

Suggested prompt Sample student response

What does the small 2 between the H and O represent? It represents two hydrogen atoms.

OK, so if the 2 indicates how many of the hydrogen atoms there are,
why isn’t there a number 1 after the oxygen?

Maybe you don’t need to write a 1.

Not sure.

Connect to conventions in math. Say, You may have seen in math that when you use numbers to indicate how many of a variable there are, you
might say things like 2x or 10x to represent 2 of x or 10 of x, but if there is only 1x, they convention is to drop the 1, as it is implied. That is the case in
this model too--if no number is shown, then the implied number for that particle type is 1.



5 min

Suggested prompt Sample student response

A different substance that has the same type of atoms in it as water,
but different numbers of atoms, is hydrogen peroxide. Its molecules
have two atoms of hydrogen and two atoms of oxygen in them. How
would we write that in chemical formula notation?

H O
(write and label this response on the board)

Write and label this response on the board:
H O = one molecule of hydrogen peroxide

Suggested prompt Sample student response

OK, so what does the 3 represent in the next column, where it says
3H O?

It represents three molecules of water

How would we represent three molecules of hydrogen peroxide? 3H O
(write and label this response on the board)

Use this notation to represent a larger number of molecules of each substance. Show slide H. Check what students write. Students
should show the following:

7H O = seven molecules of water
10H O = ten molecules of hydrogen peroxide

Emphasize that there may be tradeoffs in using this type of model. Say, There may be some tradeoffs to using this type of model to
represent the number of atoms in a molecule and the number of molecules in a system compared to the other models shown on the slide. Let’s look
at molecular models for some other substances to get a sense of what some of those tradeoffs might be.

Compare molecular models of other substances. Show slide I. Pass out copies of Molecular Models of Different Substances to students.
Give students five minutes to compare the molecular structures in small groups.

8 · COMPARE MOLECULAR STRUCTURES
MATERIALS: science notebook, computer and projector

Facilitate a Consensus Discussion. Show slide J. This is a brief discussion designed to review things we already know.

KEY IDEAS Purpose of this discussion:
Help the class recall and identify the substances we thought were involved in producing the gas
from lesson 5 and that might make up the gas.

Listen for ideas similar to these:
We narrowed down the key substances that interacted with each other to produce the gas from
water, citric acid, and sodium bicarbonate (baking soda).
We narrowed down the possible substances that could be in the gas to these three: argon,
nitrogen, and carbon dioxide.
These are the only substances we need to look at to explain how the new substance(s) in the gas
bubbles were produced.

2 2

2 2 

2

2 2

2  
2 2 



15 min9 · USE MOLECULAR MODELS TO REVISE AN EXPLANATION OF THE ANCHORING PHENOMENON
MATERIALS: science notebook, Constructing a revised explanation, computer and projector

Develop a revised explanation. Show slide K. Pass out copies of Constructing a revised explanation. Tell students that they should be able
to revise their explanation of the anchoring phenomena, in light of what we have figured out in the last couple of lessons. Let them
know that this is an assessment you want to collect when they are done. Remind students to use the models on Molecular Models of
Different Substances in their responses, the new scientific principles posted in the room, and anything in their science notebooks to
complete the assessment.

Give students the remaining time to work on their responses. Collect Constructing a revised explanation from students before they
leave.


