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Lesson 1: What happens when a bath bomb is added to water
(and what causes it to happen)?

Exploring an Interesting Phenomenon

Turn and talk 1. Have you ever heard of bath bombs before? What is your experience with bath
bombs?
 
2. What do you predict will happen when you place the bath bomb, which I got from
the store, in a bowl of water?

In your
notebook

3. Make a notice/wonder chart on a blank page in your science notebook.

What I Noticed What I Wonder

4. Use this space to record what you notice and wonder about the store-bought bath
bomb, before and after we add it to water.

With your class 5. Share some of your noticings and wonderings about the store-bought bath bombs
with the whole class.

Planning an Investigation

With your
group

6. Your group will get the chance to investigate and look at some homemade bath
bombs a little closer. Below are supplies available to you to use along with other
measurement devices upon request.

Samples from 3 different homemade bath bombs from 4 possible different
recipes (A,B,C, or D).
Paper plates, clear plastic resealable baggies, toothpicks or pipettes or eye
dropper.

7. Discuss what types of data  you want to collect about the homemade bath bombs to
help you figure out what happens when bath bombs are added to water.

In your
notebook

8. On the right-hand page of your notebook, write, “Homemade Bath Bomb
Observations.” As a group, create a data table to use when you record your results from
your investigations. 
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With your class 9. Share some of things you noticed about the homemade bath bombs.

10. How did our results from the homemade bath bombs compare to our results from
the store-bought bath bomb?

Modeling What Happens to Bath Bombs in Water

Your teacher will pass out handout: What Happens to a Bath Bomb When Put in Water?. Attach this handout
to your notebook. You will use this handout to develop a model to explain what is happening when a bath
bomb is added to water and explain why gas bubbles appear. We will also develop a model to explain the
other changes we observe.

In your
notebook

11. In your notebook where you attached What Happens to a Bath Bomb When Put in
Water?, develop an initial model that explains what we noticed when we added the
bath bomb to water. The model should include answers to the questions:

What happened to the solid bath bomb?
Why do gas bubbles appear?

12. Your model should include pictures, symbols, and words to help you represent and
explain what you think caused the changes you observed.

13. Include a zoomed-in view to explain what happened. It should show any changes
you think might be happening to matter in the system at a scale smaller than you can
see.

14. Record any questions that come to mind as you are developing your model.

15. In the space next to your initial model in your notebook, write a detailed explanation
addressing the bullet points below:

What happened to the solid bath bomb?
Why do gas bubbles appear?
What caused the other changes you observed?

With your
group

16. Share your initial models and explanations with the group. Together, keep track of
the similarities in your models by placing a (✓) next to those items. In each other’s
models, mark the differences or areas where the group is less certain  by placing a (?)
next to those items.

Developing Shared Community Norms

With your class 17. With your class, you will form a Scientists Circle to set up some norms for how the
class wants to work together and learn together in science class.

18. Silently pick one norm from the sheet  that you personally will work on the next
time we meet.

19. Share with a partner the norm you plan to work on and why it is important to you.
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Related Phenomena

In your
notebook

20. Add “Related Phenomena” to your notebook and record any other experiences you
had that either:

Reminds you of what you saw happen to the bath bomb.
Reminds you of other phenomena that might happen, due to the same sorts of
things that the bath bomb did.

21. Share your related phenomena with the class and keep a record of class
experiences.

Driving Question Board and Ideas for Investigations

With your class 22. Look back at
your Notice-Wonder chart from the video,
your initial models and our class consensus models, and
our list of related phenomena.

23. Choose one or two questions to share with your class, and write each question on a
sticky note or card. Write the question in dark marker and large enough for others to
read.

24. Be prepared to post your questions to our Driving Question Board.

25. After the Driving Question Board is complete, think about investigations or data
that could help answer the class's questions.

26. Share your ideas for investigations with the class and record them.
a. Identify a question to answer.
b. Describe how to investigate the question.
c. Share what you think we'll figure out in the investigation.

Revisiting our Shared Community Norms

Turn and talk 27. How did you do practicing the norm you selected to work on during the last class?

28. Silently pick another norm from the sheet that you will intentionally work on and
monitor today to help our learning community grow stronger and more productive for
everyone.

29. Share some of things we did well as a class and things we can improve when it
comes to our norms.
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Lesson 2: Where is the gas coming from?

Navigation: Where is the gas coming from?

With your class 1. What questions did we have about where the gas bubbles came from?
2. What were some different ideas we had about where the gas bubbles came from?

Plan and carry out investigating the gas from bath bombs

We seem to have some different ideas about the gas bubbles as a class, and we need to figure out where
the gas bubbles are coming from.

In your
notebook

3. On a new page of your notebook, title it “Investigating gas from bath bombs.”

With your class 4. Discuss the following with your class to plan your investigation:
What do we know about gases?
What do we need to measure?
How should we measure it?
Should the system for our experiment be open or closed? Explain.
What data should we collect?

5. Create a data table in your notebook to record your data from this investigation.
6. Make predictions for your closed system investigation:

What would it mean if the mass of the closed system went up?
What would it mean if the mass of the closed system went down?
What would it mean if the mass of the closed system stayed the same?

7. Make predictions for your open system investigation:
What would it mean if the mass of the open system went up?
What would it mean if the mass of the open system went down?
What would it mean if the mass of the open system stayed the same?

8. Help as the class collects the following materials for your investigation:
resealable bag
plastic soda bottle with lid
long plastic tube
3 small cubes of a bath bomb
100 mL of water
electronic balance

9. Participate with your class as you complete the investigation together. Record your
data and observations in the data table.
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Building understanding about the gas from bath bombs

With your class 10. Make sense of your data by answering these questions:
What did we figure out in the Investigating Bath Bombs lab?
What does it mean or what does the evidence tell you when there was a mass
loss when you opened the system?
What does it mean or what does the evidence tell you when there was no
mass change in the closed system?
What did you learn with the test in the bag?
Which of the following bullet points from our scientific principle list do we
agree with? What evidence do we have for each from our lab?

Gases take up space.
Gases are a state of matter.
Gases have mass.
Matter has mass and takes up space.

11. What do all of the examples in this list have in common?

Navigation

With your class 12. What other investigation ideas did you have that will help us figure out more about
the bath bomb and the gas bubbles it produces?

Navigation: Is all this gas trapped in the bath bomb?

Day 2:

Turn and talk 13. Turn and talk with your elbow partner about this question: “What did we do last time
we met to try and figure out where the gas bubbles come from?”

With your class 14. Discuss these questions with your class:
What questions do we have about what is in a bath bomb?
Were there ideas that we have not tried?

With a partner 15. Use a hand lens to examine the inside of a bath bomb. Talk to your partner about
what you see.
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Plan the investigation

The question we will try to answer with our next investigation is, “Are the gas bubbles coming from inside the
bath bomb?”

With your class 16. Discuss this question with your class:
If we want to find out if the gas bubbles are coming from inside the bath bomb,
what do we need to do?
How will we know if the gas comes from inside the bath bomb?
What measurements should we take in our investigation?

In your
notebook

17. Prepare your notebook for the investigation.
Record the steps of your procedure.
Prepare a data table for all of your measurements and observations.

Carry out the investigation

With your
group

18. Carry out your investigation with your group.
Record your data in a data table in your notebook.

Scaffolding argument: Where does the gas come from?

With your class 19. What results did you get from crushing the bath bomb?

With a partner 20. Choose one of the following claims that you think is best supported by our
evidence:

Claim 1: The gas was already trapped in the solid bath bomb and was released
when the solid bath bomb broke apart in the water.
Claim 2: The gas comes from some combination of the matter in the water and
the matter in the solid bath bomb.
Claim 3: The gas comes from some other matter (not the water or the bath
bomb).

21. Discuss how the evidence from our investigation supports the claim you chose. Also
discuss evidence that does not support the two claims you did not choose.
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With your class 22. Participate with your class in a discussion about your results and what you learned.
Share key ideas you learned from the investigations in this lesson.

Your teacher will record your ideas and ideas from the class. Your teacher will also underline and highlight
certain words or phrases. Look for patterns in what is underlined and what is highlighted.

With your class 23. What patterns do you notice in what
your teacher underlined and
highlighted?

24. Make note of the poster that your
teacher creates about constructing
strong and convincing arguments and
explanations.
25. Participate with your class to share
your ideas about your answer to the
lesson question, “Where is the gas coming
from?”

On your own 26. Use what you have learned on the poster to write a strong argument to answer the
lesson question. Write this in the place where your teacher directs.

Navigate to the next lesson

With your class 27. Participate with your class in a discussion about the driving question.
Suggest a revision to the driving question.

You have figured out that the gas must be coming from something that was already in the bath bomb.

With your class 28. How can you find out what is in a bath bomb?
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Lesson 3: What’s in a bath bomb?

Navigation

In the last class, we investigated one place where we thought the gas bubbles could be coming from.

Turn and talk 1. What did we figure out?
2. What did we decide to do next?

In your
notebook

3. Your teacher will give you Bath Bomb Recipes.
 Attach the recipes to a clean page in your notebook.

4. Make a notice and wonder T-chart in your notebook and record your ideas about
patterns you notice.

Plan and Conduct an Investigation

Your team will receive a set of materials to observe. These materials are common ingredients in bath
bombs.

With your class 5. Discuss these questions with your class to plan an investigation.
How can we use the ingredients to help us figure out why the bath bomb
makes gas bubbles?
Do you see any patterns across the ingredients that could help us?
What could we investigate?

In your
notebook

6. Prepare your notebook for the investigation.
Title the investigation, Observations of Bath Bomb Ingredients.
Create a data table to list each ingredient you will test.

With your
group

7. Observe each ingredient and record the data in your data table. Focus on
observations and data that will help us tell the ingredients apart.

With your class 8. What are some patterns you noticed in your data?
9. Did we find any evidence that would help us figure out why the bath bomb
produced gas bubbles? Explain your answer.
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Exit Ticket

Record your response on a notecard or a scrap of paper your teacher provides. Turn it in as you leave class.

On your own 10. What else should we do to figure out what causes these gas bubbles to appear?

Navigation

With your class 11. Recall your response from the exit ticket from the last class.
What else should we do to try to figure out what causes the gas bubbles to
appear?
Where do we go next?

Investigating Ingredients in Water

Your teacher will assign you and your partner to test two ingredients separately in water.

In your
notebook

12. Prepare your notebook for the investigation.
Title the page, Investigating Ingredients Mixed in Water.
Record the two ingredients assigned to your tea.
Draw the data table your class designs to record your observations and the data
that the other teams present.

With your class 13. Plan your investigation.
What data do we need to collect?
What mass measurements do we need to collect?

When do we take those measurements?

With your
group

14. Conduct your investigation.
Test each sample in water one at a time.

Do not mix samples.
Record the observations your class agreed upon and any others you feel are
important.
Be prepared to share your results with the class.

With your class 15. Make sense of your data and the class’s data.
What did you see happen to the substances you combined with water?
How does that behavior compare with a bath bomb placed in water?
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Interpreting Our Data

Your teacher will give you Bath Bomb Ingredient Property Data. Do not put it in your notebook. We will
attach it to our notebooks later.

With your class 16. Many of you have used the word “dissolve.” What does this word mean?
17. When something dissolves, we say it is soluble. What does insoluble and partially
soluble mean?

With your class 18. Work with your class to understand the scientific vocabulary.
soluble
insoluble
partially soluble
solubility
substance
mixture
matter
states of matter

On your own 19. Enter the states of matter data for each ingredient at room temperature. Enter the
data on the handout, Bath Bomb Ingredient Property Data.
20. Record the solubility of each ingredient in Bath Bomb Ingredient Property Data.

Use the words “soluble,” “insoluble,” and “partially soluble.”
Title the first blank column, Solubility in water.

Adding to Your Progress Tracker

On your own 21. Add a new row in your progress tracker. Use two columns with the headings
Question and What I figured out.
22. Record the lesson question, “What’s in a bath bomb?”

Record the ideas you figured out related to this question and what you did to
figure it out.

Exit Ticket

Use a notecard or other paper to respond to the questions. Turn this in to your teacher as you leave class.

On your own 23. Respond to these three questions.
What else should we investigate about these substances or try to do using
these substances?
What is one new question you have based on the investigation we did today?
What was one new idea you heard from a classmate?
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Lesson 4: Which combinations of the substances in a bath
bomb produce a gas?

Focal Norm for Today

On your own 1. Silently choose a norm from the norms chart that you will intentionally work at and
monitor today to help our learning community grow stronger and more productive for
everyone.

Adding to our Progress Tracker

Add a copy of Progress Tracker to your Progress Tracker. Meet in a Scientists Circle with your notebook and
be ready to share the discoveries we made in our last lesson.

With your class 2. Work as a class to fill in your progress tracker with what the class figured out.

Turn and Talk

Turn and talk 3. Share with an elbow partner what you brainstormed last time to get  new ideas for
what sort of thing we should investigate next.

Planning an Investigation

Your teacher will pass out handout Combinations of Ingredients to Test. Do not attach this handout to your
notebook until directed by your teacher. You will use this handout to help plan an investigation to
determine what happens when different combinations of bath bomb ingredients are added to water.

With your
group

4. Your group will get the chance to investigate some of the ingredients that the
homemade bath bombs are made of and observe what happens when they are added
to water. Discuss the following:

How many combinations of ingredients are possible?
Then discuss with your group which ones you are most interested in testing to
see what happens.

With your class 5. Highlight the row of the table you are given by your teacher to indicate the
combinations you are testing.

openscied.org Page 156/20/19



With your
group

6. Discuss with your group which other combinations you want to test, and highlight
those boxes as well.

In your
notebook

7. Title the next page in your notebook, “Testing Combinations of Bath Bomb
Ingredients.”

With your
group

8. Set up a 2 by 6 table as a key for the combinations your group will be testing. This
key should be the same for everyone in your group.
9. Tape the table of all the combinations into your notebook under this 2 by 6 table.
10. On the next page, make the heading “Observations” and then record your
observations of what happens when the different combinations are added to water.

Exit Ticket: Focal Norm

On your own 11. Use a notecard or other paper to respond to the questions. Turn this in to your
teacher as you leave class.

How did you do with practicing the norm you selected to work on?
How did the class do as a learning community today in our Scientists Circle?
What did we do well? What could we improve on?
 How did your small group do today as a learning community? What did you do
well? What could you improve on?

Planning an Investigation

In your
notebook

12. Add a number to each space in your key to link to your observations.
13. On the next page, make the heading “Observations” and then record your
observations of what happens when the different combinations are added to water.

Making Sense of the Data

With your class 14. Have one person from your group post your data on the class data table.  Identify
which, if any, of the combinations of ingredients resulted in bubbles by placing a post-it
note with a “Y” on it in the box for that combination.
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In your
notebook

15. Update your individual progress tracker by answering the question, “What
combinations of substances cause a gas to appear?”

Navigation

Turn and talk 16. Turn and talk with a partner about these questions:
Why do you think these particular combinations of substances cause bubbles
to appear?
Lemonade is a mixture made of more than one type of substance. What
predictions do you have about the ingredients that you will find in the two
lemonade mixes?

Analyzing Lemonade Mix Labels

On your own 17. What patterns do you notice between the substances listed in the ingredients in
these mixes and the substances that resulted in bubbles appearing?

Update the Progress Tracker

On your own 18. Add a new row to your progress tracker. Use two-columns with the headings
“Question” and “What I figured out.” Record the lesson question, “What combinations
of substances caused a gas to appear?”

Arguing from Evidence

With your class 19. Read through these questions and prepare to discuss your ideas with the whole
class:

What claim can you make about the key combination of substances that are
interacting together to cause the gas bubbles to appear? Use evidence to back
up your claim.
What claim can we make about the gas in the bubbles? Is it any of the
substances we started with, or is it a new substance(s)? Use evidence and/or
scientific principles in your reasoning.
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Building Understanding

With your class 20. Prepare to work with other ideas your peers share by being ready to respond to
these follow-up questions:

Can we restate what others said and explain why we agree or not? Do we
agree or not?
Can we identify the use of evidence and/or scientific principles in their
reasoning?
 Can we explain why the information you heard counts as evidence and/or
scientific principles?
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Lesson 5: What gas(es) could be coming from the bath
bomb?

What gas(es) could be coming from the bath bomb?

Turn and talk 1. Discuss the following from your investigations and work in the last lesson:
a. What evidence did we use to conclude that the gas in the bubbles was

not one of the three substances we started with (baking soda, citric
acid, or water)?

b. What kind of gas do you think it was? Feel free to brainstorm multiple
predictions.

Scientists can identify different substances based on their properties. If we want to figure out what gas is in
those bubbles, we also could try to identify the gas based on its properties.

In your
notebook

2. Title a new page in your notebook: Gas-Related Phenomena.
a.  List any experiences you’ve had with gas(es) that were used in

different systems to make different things happen.
b. What are some properties of the gas that make it good for the things

you listed?

With a partner 3. Get Some Common Gases from your teacher.
a. Look over the list of gases and share your noticings and wonderings verbally

with your partner.
b. What two properties would be good to use to find out what gas is coming from

our bath bombs?

Let’s test for density first, and then we can test for flammability. In the past, we have used bags, bubbles,
soda bottles, and flasks to trap a gas.

With your class 4. How might we trap the gas from a bath bomb so we can test its flammability?

With a partner 5. Make a prediction about what you think will happen to the flame on the match when
your teacher puts it in the flask of room air and the flask of gas from the bath bomb.
Share your ideas with a partner.
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With your class 6. Watch and participate as your teacher demonstrates how a flame will interact with
room air and the gas from a bath bomb.

a.  Record the results of your two tests.

On your own  7. Use Some Common Gases and examine the flammability data for the gases.
a. Think about which gases could be the gas from the bath bomb based on your

class’s tests.
b. Mark off any gases that do not match the properties of the gas from the bath

bomb that you tested.

In your
notebook

8. Add the question, “What gas(es) could be coming from the bath bomb?” to your two-
column progress tracker.

a.  Record what you figured out from this flammability test.

We have tested flammability, and that property helped us narrow down our list of possible gases that could
come from a bath bomb. Now we can use a different property and continue to narrow the list down. Let’s
use the property of density to help us get closer to identifying the gas that comes from a bath bomb.

With your class 9. Watch as your teacher blows some bubbles. Observe their behavior.
a.  What kind of gas would we need to fill a bubble so that the bubble floats

upward toward the ceiling?
b. Name some gases that would behave this way.

10. Watch and participate in a class demonstration. Answer these questions with your
class.

a.  What do you notice about the behavior of the bubble?
b. What property of the gas can explain this phenomenon?
c. What scientific principle helps explain how you know that the density of the

bubble is less than the density of the air?
11. Check the flammability data for helium. Make note of this property of helium.
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In your
notebook

12. Title a new page of your notebook, Predictions of Gas Behavior.
a.  Record what you predict will happen to the flame if the lid from a bottle of

helium is removed  in these two different situations. Use a table such as the
one shown below.

Helium gas Gas from a bath bomb

Cap facing up

Cap facing
down

With a partner 13. Discuss your predictions from #12 with a partner.

With your class 14. Watch and participate in a class demonstration.
a. Discuss what happened in the demonstration.
b. Why did the match go out in one situation and not the other?

On your own 15. Get My Predictive Explanations for the Gas from a Bath Bomb from your teacher, and
make two different if-then statements that explain what could happen with the gas
from a bath bomb.

a.  Use the information in Some Common Gases as a reference as you record your
predictions.

b. Attach your completed handout to your notebook.

openscied.org Page 216/20/19



With your
group

16. Review the procedures displayed on the slide, paying extra attention to the safety
considerations.

17. How might you alter the procedure for testing helium so that it works with the gas
from a bath bomb? (You have to consider the liquid in the bottle.)

18. Work with your group to carry out the investigation. Follow the steps shown on the
slide or that are printed here.

Fill a bottle about 1/10 full with water. Add 8 mini bath bombs to it. Cap it.
Light a match. Hold it 1 inch over the bottle as a partner removes the cap. Keep
it there for 2 seconds. Make a note of whether the match goes out or not.
Extinguish the match, and cap the bottle. Discard the match in a cup of water.
Light a candle in a bread pan.
Lean the edge of the bottle against the pan and remove the cap.
Gently squeeze the bottle to push the gas out of it. Make a note of whether the
candle in the pan goes out or not.

With a partner 19. Use Some Common Gases and examine the flammability and density data for the
gases.

a. With the results of your test, you should be able to mark off more gases from
the list that do not match the properties you have found from the bath bomb
gas.

b. Work with your partner to mark off any gases that do not match the properties
of the gas from the bath bomb.
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20. Update your progress tracker in your notebook by drawing a line under your last
entry on the right column. You have the same question, so there is no need to write it
again.

a. Record what you figured out by doing the investigations with the class and with
your group.

b. Flag this page with a sticky note so that you and your teacher can locate it
quickly.

You have gathered evidence that will be useful for identifying the gas that comes from a bath bomb. You
may not know exactly what gas it is yet, but you do know the properties of the gas from a bath bomb. And,
you have some ideas about the gases that it might be.

With your class 21. Work with your class to gather the resources you need for the next activity. You will
need:

your notebooks turned to their last entry in the progress tracker,
the data table from Some Common Gases,
your predictive explanations from My Predictive Explanations for the Gas from a
Bath Bomb, and
the new handout Discussion Protocol: Density and Flammability.

22. Review the discussion protocol with your class. Ask questions if you do not
understand parts of the protocol.

With your
group

23. Gather with your new group.
a. Sit with your group in a circle.
b. Decide who will be the first one to share in your group.
c. Follow the protocol until everyone has had a chance to share.

With your class 24. Determine if there is a main scientific principle that should be used in a written
argument.

a.  What other science ideas will be helpful in developing a strong argument about
the gas that is produced from a bath bomb?

25. Review the Anchor Chart for key features to include in a strong argument.

The next task is an assessment. You will write an argument that includes the key features listed on the
Anchor Chart. The question you will be answering is, “What gas(es) could be produced by a bath bomb?” You
have had multiple opportunities to practice this task and get feedback from your teacher and your
classmates. Now it is time to show off what you have learned!
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On your own 26. Work individually to construct your argument. Record your argument where your
teacher directs.

We know some possible candidate substances for the gas bubbles produced from bath bombs. We also
know that this gas is a different substance from the substances that make up a bath bomb.

With a partner 27. How is it possible that a new substance is produced that was not there before?
28. You found that mixing baking soda, citric acid, and water produced the gas bubbles
from the bath bomb. What do you think is going on with the particles of these
ingredients to make the gas?
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Lesson 6: How can particles for a new substance be formed
from the old particles we started with?

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

The last lesson ended with you considering two questions. They were, “How is it possible that we have a new
substance that was not there before?” and “What do you think is going on with the particles of the bath bomb
ingredients to make the gas?” Think about your responses to those questions as you begin this lesson.

With your class 1. Gather in a Scientists Circle with your class.
2. Share your ideas about the two questions from the last lesson.

a. Suggest ideas about how we might investigate our ideas.
3.  In this lesson, we will be thinking about this question: “What are some things we
can say at this point about our anchoring phenomenon that are supported by
evidence?” Before you start answering that question consider,

a. What is the driving question?
b. What are we trying to build consensus about?

 

Review the initial consensus model with your class.

With your class 4. Participate as your class begins a new model of the interaction of a bath bomb and
water. You will add to the model table with new things you figured out from lessons 2-
5. Use your notebooks and your Progress Trackers to remind you of your learning.

Lesson 2: Where is the gas coming from?

With your class 5. What did you figure out in this lesson?

Lesson 3: What’s in a bath bomb?

With your class 6. Use your Progress Tracker entries to review what you figured out in this lesson.
7. What important ideas did you figure out about how the substances interacted with
water?
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Lesson 4: Which combinations of the substances in a bath bomb produce a gas?

With your class 8. What were some of the things you figured out by combining two substances at a
time?
9. What substances are important to mix together to get gas bubbles from a bath
bomb?

Lesson 5: What gas(es) could be coming from the bath bomb?

With your class 10. What were some things you figured out about the properties of the gas that could
be coming from the bath bomb?

a.  Describe the property and how you figured out the property of the gas. You
should describe two properties.

b. Name the gas(es) that could be coming from the bath bomb.

Compare these ideas you figured out from the investigations in lessons 2-5 to your initial ideas in the initial
class consensus model.

On your own 11. Record the revisions you want to add to the particle models from the initial
consensus model in your notebook. What would you change and why?

Turn and talk 12. Share your ideas for revisions with a partner and listen as they share their ideas.

With your class 13. Work with your teacher and classmates to represent your new ideas with particles.
This is at a scale you cannot see. Consider these parts of the model:

a. How will you represent particles in the bath bomb?
b. Where do we still have questions and need more evidence to revise?
c. How will you represent the gas from the bath bomb?

In your
notebook

14. Turn to a clean page in your notebook. Title the page, “My Ideas for How the New
Gas was Formed.”
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You have made a lot of revisions to your model, and now we have a new way of representing what is going
on with the bath bomb. We still have questions, though. How can you take certain types of particles to
begin with and make them into new kinds of particles? You have evidence that the new particles have to
come from the old substances because none of the matter disappears. But how can this happen?

With a partner 15. Discuss your ideas about these ideas and questions. Record your ideas in words and
pictures in your notebook.

a.  Flag this page so you can find it quickly for the next class.
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Lesson 7: How can I make new particles from old particles?

How can I make new particles from old particles?

We finished the last lesson wondering how we can make new substances out of the beginning substances.
We were thinking about how this happens at the particle level.

With a partner 1.  Use the shapes to think about ways you could make new particles from the ones
you start with.

a. You can use glue, tape, scissors, and additional shapes to represent your
ideas.

b. Once you and your partner have agreed on a way to represent your
ideas, each of you should tape or glue the representations in your
notebooks. Use labels and words to make your ideas clear.

With your class 2.  Share your ideas with your class.

Famous scientists had some of the same questions you have had. What did they do to answer their
questions? The reading you interact with next will tell you what they did. We can try out some of their ideas
to answer our questions.

On your own 3.  Get Dalton’s Investigations from your teacher.
a.  As you read, keep track of ideas or questions you have by writing them on the

handout. Use the margins or anywhere else there is room.
b. Underline questions that the scientists had that are similar to your own

questions.
c. Circle any investigations you think we should try to answer our questions.
d. Respond to the questions at the end of the reading.

4. When all of your classmates are finished reading, participate in a class discussion.

Dalton, and other scientists of his time, examined the gases that result from adding thermal
energy or electrical energy to water. Trying out their ideas and running tests on the gases is the
next step in figuring out what is happening with the bath bomb.
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With your class 5.  Listen as your teacher describes the setup for adding thermal energy to water and
the description of the materials you will use to test adding electrical energy to water.

With your
group

6. Get Adding Electrical Energy to Water from your teacher.
a.  Gather materials for your investigation.
b. Listen carefully as your teacher goes over the safety considerations.
c. Follow the protocol below with your group to complete the investigation. The

protocol is also on Adding Electrical Energy to Water

Prepare your system:

Attach an alligator clip to each end of the two wires in the
battery clip.

Tape the two wires about 2 inches apart on the top edge of a
clear plastic cup.

Attach a pencil lead to each alligator clip so that the lead
extends to the bottom of the cup.

Get water from the container your teacher has available. Add
water to your cup until half of the pencil lead is covered with
water.
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Carefully attach the battery clip to the top of your 9V battery.
Look carefully at the clip and use the small snap to attach the
clip to the larger terminal on the battery.

Your complete set up should look like this.

Title a new page in your notebook: Observations of Water: Adding Energy by Adding
Electricity

Record observations in your notebook paying close attention to what is happening
at each pencil lead.

Observe for at least 2 minutes.

Draw a line under your last observation and record a new title: Adding Energy by
Adding Thermal Energy

Make observations of the boiling water at one of the stations that your teacher has
prepared. Record these in your notebook.

Turn and talk 7.  Discuss the following questions with your partner and record your best ideas in your
notebook.

a.  What substances do you think are in the gas bubbles? Is it the same substance
in both systems?

b. If we could capture the gas, what are some tests we could do to gather
evidence to answer these questions?
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Lesson 8: Does heating liquid water produce a new substance
in the gas bubbles that appear?

Heating liquid water to produce gas

Your teacher is heating some water to make it produce gas bubbles, like we did in the last lesson.

icon: class, With
your class]

1. Discuss these questions as a class:
What were some ways we wanted to test the gases that we could capture
from these bubbles?  
What question(s) would those tests help us answer?

Carrying out property tests on the gas from the heated water

In your
notebook

2. Make a new section in your notebook and title it, “Property related observations of
the gas from the heated water.”

With your class 3.  Put on splash goggles.  
4. Go to the area your teacher indicates ake and record observations of  the heated
water demonstration with your classmates.
5. Discuss how we might measure the grams and liters of a sample of liquid.

Problematizing, planning, and carrying out a new investigation

Water, glycerin, and rubbing alcohol are all different substances, made of different types of molecules.
They are all clear liquids at room temperature.

With your class 6. Discuss this questions as a class:
How might we be able to tell these substances apart from one another?

We saw different density values for different gases. These values ranged  from as low as 0.09 g/L to as high
as 2.0 g/L. Notice that the units used are the same for all of the different gas densities.

With your class

 

 7. Discuss these questions as a class:
The g in these units stands for grams. How could we measure the number of
grams of a liquid sample?
The L stands for liters. How could we measure the number of liters of a liquid in
a sample?
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You teacher will show you a photograph of a clear liquid in a graduated cylinder to demonstrate why it can
be tricky to get an accurate measurement for the volume of a liquid sample.

With your class 8. Discuss these questions as a class:
What do you notice about the liquid level in this 25 mL graduated cylinder?
If you measured the liquid to the lowest point on its curved surface, what
would be the volume of the liquid?

On your own 9. Complete the “Predictions” section of Density calculations of clear liquids.
10. Record data for the substances you were assigned to test in the second table of this
handout.
11. Make note of the estimated amount of liquid you will be measuring out, as assigned
by your teacher.

With your
group

12. Carry out this procedure:
A. Get a graduated cylinder for you and your partner. Dry off the outside and

inside.
B. Complete columns A-D for rows 1 and 2 of your first data table on Density

calculations of clear liquids. In the procedure below, let one partner start by
measuring the water and then allow the second partner to measure the other
substance (glycerin or alcohol):

Determine the mass of the empty graduated cylinder and record it in
column A.
Put about ____ mL of water in the cylinder. Calculate its mass. Record
its mass in column B and its volume in column C. Dump the water out
in the drain.  
The partner who did not have a chance to measure should now have  a
chance to complete the next step, which is to put about ____ mL of
glycerin or alcohol (whichever you were assigned) in the cylinder.
Calculate the mass of the substance. Record its mass in column B and
its volume in column C.
Dump the liquid out in the drain. Wash your cylinder out in soapy water.
Rinse it under water and return it. Do not fill out data table 3 yet.

Analyzing and Interpreting Data

With your class 13. One partner should copy the mass of the water that was measured on one sticky
note and the volume of the water on another. The other partner should copy the mass
of the other liquid that was measured on one sticky note and the volume of the liquid
on another.
14. Form a line in front of the graph associated with the substance you measured.
15. Get a magnet and place it on the corresponding coordinate point (volume, mass) on
the poster paper for your substance. Post your sticky notes in one of the rows in the
table to the right of the graph and allow the next person to post their data.  

openscied.org Page 346/20/19



In your
notebook

16. Add a “Patterns in the mass vs. volume graphs” section to your notebook. Record
the patterns you notice in a single graph. Record any patterns you notice between
graphs.

With your class 17. Discuss the patterns you notice as a class.

With your
group

18. Calculate the ratio of mass to volume for your row and record it in column E in
Density calculations of clear liquids. This calculation is mass (C) �volume (D) = density,
which is a unit rate (in grams per mL).
19. Record your calculation on a sticky note and post it on the third column of the table
in the room.

With your class 20. Discuss the patterns you notice in these calculated ratios (unit rates) as a class.

With your
group

21. Calculate the average density for each of the substances on the three posters.
Record these averages in the first three rows of the last table on Density calculations of
clear liquids.

Collecting data on the density of the unknown clear liquid

Turn and talk 22. Discuss this question with a partner:
What do you predict the density of the unknown clear liquid that we collected
from the gas that came out of the heated water container will be?
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On your own 23.  Individual check-in.  Answer these questions on an index card (or a half sheet of
paper) with your name on it and turn the card in to your teacher:

What is the density of the clear liquid (in grams per mL)?
If we had a new sample of this same liquid that had a volume that was double
the volume of the sample we just measured, how many mL would that new
sample be?
How many grams would we expect that new sample to be?

Arguing from Evidence

Get a copy of Evaluating and improving alternate arguments from you teacher.  Take out a sheet of blank
paper to use with this handout.

Turn and talk 24. Another class came to conclusions similar to the conclusions of our class. Below are
two students arguments. Read through these with a partner:

Student #1: The gas in the bubbles is made of water particles, because of its
properties. Properties help prove whether two substances are the same or
different.
Student #2: The gas in the bubbles is made of water particles. If a sample of
something is made of the same particles as another substance then it has the
same properties.

25. Discuss what you think about these arguments with a partner.
What do you agree with?
What problems do you have with their arguments?

In your
notebook

26. Identify elements to include to strengthen each argument. Use Evaluating and
improving alternate arguments to list the observations we took that we could use to
strengthen these arguments.  What data did we collect?  List the key pieces of data
individually on question 2 of this handout.
27 Look back at the scientific principles we have that are relevant to this argument.
 Identify which ones are relevant and write those down on question 3 of Evaluating and
improving alternate arguments.
28.  Write a revised argument.  Read the text on question 4 of Evaluating and improving
alternate arguments.  Use the remaining time to write a response to question 4 on a
separate sheet of paper.
29.  Attach your completed response to question 4 to Evaluating and improving
alternate arguments and turn in both to your teacher.

Turn and talk 30. Discuss this question with a partner:
We also built a device that used a battery to produce gas bubbles. Do you think
the gas we could collect from it produces the same particles as the ones we
collected from the heated water?
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Lesson 9: Is the gas(es) produced from water using a battery
made of the same particles that were produced from heating
the water?

How can we make something new that was not there before?

In the last lesson, we investigated adding thermal energy to water to see if the gas that was produced was a
new substance. Now we turn our attention to adding electrical energy to water to investigate the gas or
gases that are produced in that process.

With a partner 1.  Discuss the following questions and record your best ideas in your notebooks.
Do you think the gas we could collect from the battery and water
system will be made of the same particles as the gas we collected from
the boiling water?
Do you think adding electrical energy produces one gas or two? Why?
How could we investigate these ideas? How would we test the gas(es)?

Property Tests on the Gas from the Electrified Water

With your class 2. Plan how you will collect and organize data related to the flammability of the gas or
gases that are produced by adding electrical energy to water.

Record a data table in your notebook.

Comparing the Materials Used in Both Setups

The setup you used to add the energy of electricity to water is similar to one your teacher has used to
collect the gases from each terminal.

With your class 3. What do you notice from the setup we have now in class?

Flammability Test for Gases in Test Tubes

Listen carefully to the safety instructions to follow as your class participates in a demonstration to test the
flammability of the gas or gases that are produced.
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Safety
Precautions

Wear safety goggles during the demonstration.
If you assist your teacher in the demonstration, tie back long hair, remove
dangling jewelry, and secure baggy sleeves.
Follow your teacher’s instructions carefully.                                        

With your class 4. Record your observations of the flammability test of the gas in tube A.
How do these results compare to the flammability test for the gas from boiling
water?

5. Do you think the gas in tube B will have the same or different properties from the
gas in tube A?
6. Record your observations for the flammability test of the gas in tube B.

How do these results compare to the flammability test for the gas in tube A?
7. Look back at Some Common Gases and use the flammability data to see if you can tell
what gas or gases might have been in tubes A and B. Record your ideas.
8. Scientists recorded the mass of the system before the electricity was added and
after the gases were produced and found that in a closed system, the mass did not
change. What does this tell you about where the gases came from?

Adding to Our Progress Trackers

On your own 9. Find your individual Progress Tracker and draw a line under the last entry.
Add a new entry with the question for this lesson: What gases are made when
we add electricity to water and what particles are those gases made of?

Record what you have figured out during our investigation and
discussions.
Use Some Common Gases and include your ideas about what gas or
gases could have been produced in this process.

Develop a model to represent water becoming gases

Your ideas related to the lesson question are incomplete. You have not yet thought about the particles that
make up water and these gases. Meet with your class in a Scientists Circle and revise your consensus model
to reflect what you have figured out in this lesson. Represent your ideas at the particle level--the level too
small for us to see.

With your class 10. Participate in a consensus-building discussion with your class to come to an
agreement on how to represent what happened to water when energy was
added by heating the water and by adding electricity. As you participate,

share your ideas for the model,
speak up if you agree or disagree with a claim or the way matter is
represented in the model,
back up any claims you make by using evidence and reasoning, and
make sure everyone’s ideas are considered for the final model.
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Lesson 10: Can the molecules that make up other substances
be broken down into smaller pieces to make new substances
with new properties?

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

In the last lesson, you worked with your class to come to consensus on how to represent what happens to
water when energy is added by heating the water and when energy is added by adding electricity. Now we
want to figure out what happens to the particles that make up the water when energy is added.

On your own 1. Make a prediction for this question and share it in a class poll:
Can the particles of other substances (besides water) be broken down into
smaller pieces to make new substances with new properties?

With your class 2. Discuss with your class:
How could the answer to this question help us explain how the new
substance(s) in the gas from our bath bomb are produced?

Read a piece of text 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. If you get a reading that it is ok to
write or highlight on, it is also helpful to write the question or questions at the top of the text you are about
to read. Write this question on the top of the handout you receive from your teacher: Can the particles of
other substances (besides water) be broken down into smaller pieces to make new substances with new
properties? 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. Highlight and/or underline these three different parts of the
question: “particles of other substances,” “broken down into smaller pieces,” and “make new substances
with new properties.” Highlight and write on this text after you read it. You will turn this in when you are
finished. First, start with a small part of the text to practice.

On your own 3. Follow this protocol when reading this article:
Read the first three paragraphs to get a general sense of what this text is about.
Answer the question on the middle of the page.
Go back and highlight any piece(s) of the text that you think connect to the
question, “Can the particles of other substances (besides water) be broken
down into smaller pieces to make new substances with new properties?” Add
annotation to your paper saying how you think each piece of text that you
highlighted is connected.
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On your own 4. Follow this reading protocol for the remaining part of the text:
Finish one page of the text at a time to get a general sense of what it is about.
At the end of each page of text, go back and highlight any piece(s) of the text
that you think connects to the question above. Add annotation to your paper
saying how you think each piece of text that you highlighted is connected.
Be prepared to share your connections with the class when finished.

Using information you read about in the text and the connections you made to the text, add
to  your individual Progress Tracker.

On your own

In your
notebook

5. Turn to your Progress Tracker section in your notebook.
6. Draw a line under the last entry in the two column format.
7. Record the question, “Can the particles of other substances be broken down into
smaller pieces to make new substances with new properties?”         
8. Record what you have figured out. Try to record these ideas in a candidate scientific
principle format that we can use to help explain what we figure out about the
phenomenon of bath bombs.
9. Be prepared to share ideas for candidates for scientific principles with the class.

With your notebook and annotated text, meet in a Scientists Circle as a whole class.

With your class 10. Bring your notebook with you to meet in a Scientists Circle.
11. The goal of this discussion is to propose ideas that 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.
12. Share your ideas for candidates for scientific principles with the class as your
teacher records these.

Turn and Talk 13. Talk with your elbow partner about which of these scientific principles you think
could be useful for explaining what is happening in the bath bomb.

In lesson 8, we started our own way of representing the structure of water particles with shapes during
both physical and chemical changes.
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With your class 14. Look back at the models we developed in lesson 8. For each model, ask:
Where is a molecule of water shown in this model?  Where are we showing
that it is made of atoms?
How many types of atoms are in these different substances?
How many substances are shown in this chemical reaction?
Where in this model does it show that the old substances are breaking apart
and the atoms that made them up are forming new substances?

15. What other things do we know about this reaction that we can add to our models?

Now let’s look at the candidate scientific principles that were recorded as a class yesterday. Before we add
them to our class Progress Tracker, let’s see which ones would be helpful in explaining the bath bomb
phenomenon.

With your class 16. Which of the new scientific principles that we nominated for adoption in the last
class are ones that could be useful to help explain what is happening in the bath bomb?
 Why?

We started our own way of representing atoms with shapes and we saw that Dalton also came up with 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 those. Compare some other
models used to represent molecules. Use the handout provided by your teacher. 

With a partner 17. With your partner, analyze the different representations for molecules and atoms.
What patterns do you notice?

Numbers are part of the molecular formula representation. Let’s make sense of these numbers.

With your class 18. What does the small 2 between the H and O represent?
19. Why isn’t there a number 1 after the oxygen?

In math, you may have seen 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, the 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.
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With your class 20. 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?  
21. What do you think the 3 represents in the following formula 3H O?
22. How would we represent three molecules of hydrogen peroxide?

On your own 23. On your own, in your notebook:
Use chemical formula notation to represent seven water molecules.
Use chemical formula notation to represent ten hydrogen peroxide molecules.

There may be some tradeoffs to using a chemical formula 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 these tradeoffs might be.

With your
group

24. Using the handout of different models of molecular structures representing atoms
and molecules, work with your group to compare the structures and look for patterns.

What are some interesting patterns you notice between the different
substances?

Using these molecular structures, let’s go back and revise our explanation of bath bombs.

With your class 25. Discuss any patterns you notice with your group and record them in your notebook.
Which combination of these substances do we know caused gas to form? After
you decide on these, put a star next to them in your Molecular Models of
Different Substances.
Which of the three substances did we think the gas that was produced could
have been made of (based on the property data we collected and analyzed)?
After you decide, circle these substances in your Molecular Models of Different
Substances.

Now you should be able to revise your explanation of the anchoring phenomena (bath bombs), in light of
what we have figured out in the last couple of lessons. This is an assessment you will turn in when you are
done. Use the models on the handout, the new scientific principles posted in the room, and anything in
your science notebook in your response.

2
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On your own 26. Construct a revised explanation about the bath bombs on your own. In your
explanation:

Use our new scientific principles to explain why the gas that was produced
could only be one of the substances you circled and not the other two.

Draw a model (at a particle level) showing where the matter came from to
produce this particular kind of gas.

Describe, in words, what happens to molecules of baking soda, citric acid, and
water when this gas is produced.
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Lesson 11: How is it possible that a new substance (the gas)
was produced and the total mass of the closed system didn’t
change?

Navigation-Small Group Discussions

With your
group

1. Use Constructing a revised explanation that we completed at the end of the last
lesson to discuss your model with the group. Follow the protocol below for your
discussion.
Discussion Protocol

Decide who will go first and move clockwise around your group.
Share your model with the group as you use it to explain where the
new molecules of the new substance comes from. Be sure to explain
how the new substance was made.
Discuss how your model helped you understand and explain what you
cannot see because it is too small.
Think about the questions you had about your model. Listen to other’s
ideas and see if you need to use some of their ideas to make your
model better.
If you still have questions about how to show something in your model
after everyone has shared, ask your teammates for help.

Revisiting the Consensus Model

On your own 2. We updated our consensus model
several lessons ago.

Take a minute to think about
revisions you want to make. Jot
down several ideas in your
notebook.

With your class 3. Review the new vocabulary--reactants and products--that we put on the Word Wall.
Use this new vocabulary as you talk about the molecules you start with in the reaction
and the molecules you end with.
4. Participate with your class to discuss the revisions that we need to make on the class
consensus model. You may want to take notes about these revisions in your science
notebook.
5. Work with your class to come up with a list of questions our model should answer.
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Small Group Explanatory Models

With your
group

6. Use the list of questions we developed to revise the consensus model to reflect
your new understanding.

Note: This is not an art project. Don’t spend all of your time making the model
pretty. Rather, focus on clearly representing the atoms and molecules that we
cannot see. Show how the molecules change and what you know about how
the mass remains constant.

Navigation--Questions We Have

With your
group

7. Pause your model work and record on sticky notes any questions you have about
how to draw different parts of your model. Record questions about what you think
your model does not show very well. Record each question on a separate sticky note.
8. Post the questions on your model.
9. Post your model in the classroom,as directed by your teacher.

Consensus Model Gallery Walk and Revisions

With your
group

10. Take sticky notes and a pen with you as you visit the other groups’ models. While
you are there:

 Write questions you have for the other groups or comments about their
models on sticky notes.
Look for answers to questions that you posted on your group’s model.
Look for ideas to make your model clearer and stronger.

11. When you have reviewed all of the models, you and your group should return to
your desks.

Read all the feedback you received on your model.
Decide with the group which ideas you will use to revise your model.
Share ideas about how you want to revise your model based on your gallery
walk.
As your teacher directs, either record these ideas on your poster or revise your
model based on the consensus of your team.

Introducing Scientific Explanations Task

With your class 12. Update the class Anchor Chart to include scientific explanations.
13. Record the question we will answer with our scientific explanation: How is it
possible that a new substance (the gas) was produced and the total mass of the
closed system didn’t change?

Work with your class to develop a list of sub-questions your explanations
should answer.
Record these in your notebook.
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On your own 14. Use the following resources to write your scientific explanation to answer the
questions you developed in #13. You will write your explanation on  2D Molecule

Cards..
Anchor Chart
Scientific Principles poster
group consensus models
science notebooks
Word Wall
Any resource that you have used in the investigations (data tables, sketches in
their notebooks, etc.)

15. Give your completed scientific explanation to your teacher when you are finished.

Using Data to Predict and Explain Products in a Chemical Reaction

On your own 16. How confident are you that your explanation sufficiently explained all of the
products of the bath bomb reaction? Record your answer using a scale from 0-5, with
0 being the least confident and 5 being the most confident.

17. Read the information at the top of Template to Organize Final Models to learn about
others who have conducted similar investigations with a bath bomb. As you read,
underline the new data provided to us by this group’s investigation.

With your class 18. Participate in a class discussion about new information from the investigation of
you uncovered.

On your own 19. By yourself, complete the rest of Template to Organize Final Models..

Building Consensus Around Scientific Principles

Turn and talk 20. Discuss the scientific principles that you used in your explanations with your
partner. Use these questions to guide your discussion:

Are there any principles that you did not use?
Are there some principles that you used but did not seem to work for the
explanation?
Are there principles that are missing?
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With your class 21. Work with your class to
review the principles on your class list,
share the principles you used in your explanations,
share why the principle was either helpful or not, and
add any additional principles that will be useful.

22. Summarize what we know about a chemical reaction to write and label the
reaction for the bath bomb.

23. Consider the symbols and numbers in the formulas you used for the reaction.
Think about the formula 3NaHCO .

What does the big 3 in front of the formula mean?
How is that different from the small 3 at the end of the formula?
What does it mean if there is no number in front of a formula?
What does it mean when a symbol isn’t followed by a little number?
Why do you think there is a big 3 shown in this formula: 3NaHCO ?

Revisit the Driving Question Board

With a partner 24. Review the Driving Question Board with your class and then work with a partner to
identify how many  questions we have answered from our board. Use the following
protocol to put symbols next to each question on the board.

We did not answer this question or any parts of it, yet: ?
Our class answered some parts of this question, or the ideas we developed
helped me see how I could now answer some parts of this question: ✓✓
Our class answered this question, or the ideas we developed helped me see
how I could now answer this question: ✓✓✓✓                                        

Unit Closing

On your own 25. Review Science Classroom Norms from the first lesson.
Which norm do you think you did well on?
Which norm should be a personal improvement goal moving forward?

On your own 26. Reflect on the unit you just finished and all that you have accomplished. Record
your responses to the questions below and turn them in as you leave class.

What was most rewarding in this unit? What experiences would you want to
have again?
What was most challenging?
What might you want to do differently the next time you have a challenging
unit?

3

3
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Adding Electrical Energy to Water

Work with your group to complete the steps below to add electrical energy to water. Were Dalton and his
colleagues correct? Can you add electrical energy to make a gas from water? If so, would adding thermal
energy to water (heating it) also produce a gas? If both procedures produce a gas, would the gases from each
procedure be the same? Think about these questions as you investigate.

1. Prepare your system.

Attach an alligator clip to each end of the two wires in the battery clip.

b. Tape the two wires about 2 inches apart on the top edge of a clear plastic
cup.

c. Attach each alligator clip to pencil lead so that each pencil lead extends to
the bottom of the cup.

d. Get water from the container your teacher has available. Add water to your
cup until half of the pencil lead is covered with water.
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e. Carefully attach the battery clip to the top of your 9V battery. Look carefully
at the clip and use the small snap to attach the clip to the larger terminal on the
battery.

Your complete setup should look like this.

2.  Title a new page in your notebook: Observations of Water: Adding Energy with Electricity.

3.  Record observations in your notebook, paying close attention to what is happening at the location of each
pencil lead.

4.  Observe for at least 2 minutes.

5. Draw a line under your last observation and record a new title: Adding Energy by Heating.

6. Make observations at one of the stations of boiling water that your teacher has prepared. Record these in
your notebook.
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Molecular Models of Different Substances

Atom symbol Atom Name

Hydrogen

Carbon

Nitrogen

Oxygen

Atom symbol Atom Name

Sodium

Magnesium

Sulfur

Chlorine

Argon

Substance Molecular formula 2D model

Water H O

Hydrogen Gas H
Nitrogen Gas N

Argon Gas Ar
Oxygen Gas O

Carbon Dioxide CO
Carbon Monoxide CO

Methane Gas CH

Propane Gas C H

Epsom Salt
Magnesium

Sulfate (Non-
hydrous)

MgSO

2

2

2

2

2

4

3 8

4
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Citric Acid C H O

Sucrose
(one kind of sugar) C H O

Table Salt NaCl A single molecule of this
substance is not well-
defined. A salt crystal has
a repeating structure
similar to that shown to
the right

Starch
(a complex

carbohydrate)
(C H O )
A molecule of
starch is thousands
of atoms long. It
has a repeating
structure,
indicated by “n” in
the formula.

The tail end of a starch molecule is shown below.

Sodium Citrate Na C H O

6 8 7

12 22 11

6 10 5 n

3 6 5 7
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Baking Soda NaHCO

Vinegar (Acetic
Acid) HC H O

Lemonene (right-
handed)

C H

Vanilla C H O

Linalool C H O

Linalyl acetate C H O

2

2 3 2

10 16

8 8 3

10 18

12 20 2
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Sodium nitrate  

NaNO

Ammonium
nitrate

N H O

3

2 4 3
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Readings
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Name: ______________________________________ Date: ___________________

A summary of some historical investigations and discoveries
into the particle nature of matter

When you added energy to water by heating it, you found that it did not make a new substance. But, when
you added energy to water with electricity, it produced two different substances. By the early 1800s,
scientists had also discovered this. They measured the density of the flammable gas produced by adding
electricity to water.  It had a density of 0.09 g/L. This was much less dense than other flammable gases, like
marsh gas (methane). They referred to this very low-density flammable gas as hydrogen. They referred to
the other gas that was produced as oxygen.

Dalton developed a new idea to explain these results. He argued that water itself must be made of the same
parts that make up each of the two gases. He claimed that each water particle was a compound particle
made of smaller parts. He called these smaller parts atoms. His model of a water particle contained one
hydrogen atom and one oxygen atom.

He developed a way of representing this idea in a
diagram, which is represented to the right. How does
his model of a water particle compare to ones you
developed and used in previous lessons?

In addition to making hydrogen gas and oxygen gas out of water, other scientists found you can also do the
reverse. You can make water out of hydrogen gas and oxygen gas. When scientists combined both gases
together and added energy (e.g., a spark) an explosion occurred and water droplets appeared. When they did
this in a closed system, the mass of the entire system did not change. This showed scientists that you can also
put atoms together to make a compound particle (water). This was the opposite of what happened when
they broke water particles into hydrogen and oxygen atoms. Scientists named the way that atoms can be
rearranged to make new substances a chemical reaction.

Over time, scientists started referring to compound particles, like water, as molecules. Dalton did additional
experiments on more substances to see if they were made of compound particles (molecules) that could be
broken apart into atoms. These experiments ended up producing the same type of gases over and over again,
from the many different substances that he tested.
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This led Dalton to suggest that all of
these different substances were
made of only a few different types
of atoms. At first, he proposed that
all of the substances he tested were
made of only five different types of
atoms. The diagrams here are
replicas of those published by
Dalton in 1803. Use these diagrams
to see if you can explain how it is
possible that just five types of
atoms could make up these
substances.

Only ten substances are listed in the
diagram to the right. How many
other substances do you think are
made of the types of atoms shown
below?

Types of atoms

The compound particles (molecules)
that these different substances are

made of

Dalton measured the mass of the substances he started with as well as the new substances that were
produced in his experiments. This helped him determine that different substances had different amounts of
the same types of atoms.

For example, he found that both vinegar and sugar contained only three types of atoms - carbon, hydrogen,
and oxygen.  But sugar molecules had more carbon atoms in them than acetic acid (vinegar) molecules did.
Because the mass of all of the substances in a closed system never changed in his experiments, regardless of
what new substances were formed, it led him to propose the idea that atoms cannot be divided and cannot
be destroyed.

As Dalton tested more substances, he discovered new types of atoms. He ended up discovering 36 types of
atoms all together. These types of atoms included ones like iron, gold, copper, aluminum, and phosphorus.
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Atoms are too small to see (an atom is a million times smaller than the thickest human hair). In spite of this,
scientists found ways to determine exactly how many atoms made up different substances. One example of
this is related to water. Dalton originally proposed that a single water molecule was made of one hydrogen
atom and one oxygen atom. Later, scientists were able to show that a water molecule must be made of two
hydrogen atoms and one oxygen atom. One piece of evidence that supported this was something you may
have noticed when you used a battery to produce bubbles from water. The bubbles that contained hydrogen
gas were produced at twice the rate and twice the volume as the bubbles that contained the oxygen gas.

Additional experiments helped other scientists discover even more types of atoms than the most common
ones that Dalton found. For example, in 1939 Marguerite Perey discovered a type of atom that she named
Francium. This was one of the last types of atoms ever discovered in a natural source. There are now 94 types
of atoms that we know of, all of which can be found in natural sources. These few types of atoms make up all
of the different substances found in our world today.
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