MOSA MACK CCIENCE

States of Matter Lesson 2: The Make

Educator’s Resource Guide

Objective
In The Make, students will:
o Develop a model that predicts and describes changes in particle motion, temperature, and state
of a pure substance when thermal energy is added or removed. (MS-PS1-4)

The Make Activity

In The Make, students will answer three questions on the best protocol for storing, transporting, and
thawing blood plasma. To do so, they will conduct or view a series of investigations during which they
will discover the relationships between thermal energy, particle motion, and states of matter. They will
then apply their knowledge to evaluate recommendations from three doctors and draw a conclusion on
the best protocol.

The three questions:

Question 1: As the blood travels to your hospital, it might be exposed to heat. Is it important to protect
the blood from heat, and if so, what protocol should be used?

To answer this question, students will observe how a metal ball and ring interact after being heated.
Through this investigation, they will discover how adding and removing thermal energy has an impact on
average kinetic energy.

Question 2: The blood will be transported from a high altitude (low pressure) to a low altitude (high
pressure), which means it will be exposed to an increase in air pressure. What material should the blood
bags be made of?

To answer this question, students will view a demonstration of how a heated can of water behaves when
exposed to a low temperature. They will apply their understanding about temperature and pressure to
answer the question.

Question 3: Blood plasma is a thick yellowish liquid in which the blood cells are suspended. Blood
plasma is important because it carries nutrients, proteins, and hormones throughout the body. It also
helps the body maintain a healthy blood pressure.

Frozen plasma has been delivered successfully to the hospital and is ready to be used. Defrosting plasma
can be tricky because it can't be done too quickly or too slowly— otherwise the plasma can be ruined!
The plasma is transported in bags that can withstand exposure to heat. But how should we thaw the
plasma? We'll need to come up with two strategies.

To answer this question, students will conduct or view two activities: one in which food coloring mixes
with water at two temperatures, and one in which butter is melted on aluminum. They will apply their
understanding about thermal energy to answer the question.
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Time Required: 115-155 minutes

Materials

Note:
If conducting this lesson remotely, no physical materials are required as students will be observing
recorded demonstrations.
If conducting this in class, the following materials are required:

e Introduction to The Make PowerPoint

e Pencils and colored pencils or crayons
Note: These materials are needed per station, per group of students.

e Question 1 Investigation: Metal ball and Ring

o Video of the demo

Safety goggles

Gloves
Metal ball and ring
Heat source (options include hot plate, ethanol burner, or bunsen burner)
Beaker of cold water Note: Add ice to water and then remove it for the experiment,
or use water that has been refrigerated. The temperature of the water should be
approximately 40'For 5°C.
® (Question 2 Investigation
Air Pressure on a Soda Can

o O O O O

Video of experiment
Safety goggles
Gloves

Hot plate

2 empty soda cans
Measuring cup/beaker
50 mL of room temperature water (for each demonstration)
Bowl of ice water
o Tongs

® (Question 3 Investigation:

Color and Water Molecule Mixing
Student Card (Appendix A)
Video showing the experiment

o O O O O O O

2 beakers (cold water and very warm water)
Post-Its

Pens or pencils

2 thermometers (1 for each beaker)

1 bottle of blue food coloring

0O O O O O O



https://mosamack.wistia.com/medias/dgswb67t62
https://www.youtube.com/watch?v=xg5NiOwf_Zw
https://mosamack.wistia.com/medias/lewhjcgjad
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o Stopwatch
o Paper towels for spills
Butter Boats
Student Card (Appendix B)
Video showing the experiment
1 tablespoon of butter (per group of students)
Aluminum foil (or aluminum cupcake tins)
Pitchers of very warm water (90'F or 32'C) Note: If you do not have access to hot
water, electric kettles work well for this. For safety, pour the hot water directly from
the kettle yourself, into a beaker or container that contains at least half room
temperature or cool water (to make the water very warm).
Container for water (cup, Tupperware, or bowl)
Stopwatch
Thermometer
Paper towels for spills
Plastic bag (or other place to dump used butter boats)

O O O O

O O O O (W

Safety Considerations

e Use care when handling the flame/heat source in both demonstrations, and the very warm
water in Stations 1 and 2.

e Use care when executing demonstrations. Ensure that you are wearing safety goggles and
students are a safe distance from the demonstration.

e Students should be careful when handling glass thermometers as the glass is often thin and
may break easily if it collides with the bottom of the beaker.

Science & Engineering Practices

e Developing and Using Models
® Analyzing & Interpreting Data

Crosscutting Concepts

e Cause and Effect

Inquiry Scale — Leveling Information

Level 1 (most teacher-driven)

Conduct the investigations with students in small groups using a guided step-by-step procedure. The
Student Guide sets out the procedure to follow. Ask facilitating questions and call on volunteers for
observations. Students complete the Student Guide and data tables as you provide step-by-step
instructions.


https://mosamack.wistia.com/medias/l30kzzm839
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Level 2
Students complete the investigations by themselves in small groups, but complete the Student Guide
and data tables for each investigation in small groups, with teacher support as needed.

Level 3 (most student-driven)
Students work in small groups to complete the investigations and independently complete the Student
Guide and data tables.

Agenda
I. The Make Activity (100-135 minutes for in-person; 45 minutes for virtual learning)

Students are presented with their scenario.

Because of the great work you’ve done in The Solve, you’ve been contacted by the local
hospital’s Department of Blood Transport. They need your help.

There are patients at the hospital that are in need of blood. The only problem is that the blood
they need is out of state. Three doctors are consulted about the best way to safely transport the
blood from the out-of-state hospital to your town’s hospital, but they all disagree. Which doctor
is correct? Your help is urgently needed!

For each question posed, you will:

A. Conduct or observe an experiment.
B. Draw a conclusion from that experiment.
C. Apply your conclusion to decide which doctor’s recommendation is correct.

Before you begin, let’s review. As you view the slide presentation, complete the States of
Matter diagram below. Draw the particle motion of each state of matter and add arrows to
show what happens when you: increase and decrease thermal energy, and increase and

INCREASE IN THERMAL ENERGY
INCREASE IN PRESSURE
3 ® b ‘ {n

decrease pressure.

Diagram answer
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Students are presented with information about blood:
Blood is made up of many components including red blood cells, white blood cells, platelets, and
plasma, each of which serves an important purpose.

Students will then begin the Investigations.

p
Question 1: As the blood travels to your hospital,
it might be exposed to heat. Is it important to
protect the blood from heat, and if so, what \0
protocol should be used? l
Metal ball and Ring Demonstration o eated e

In this demonstration, a metal ball will fit through a ring when

both are at room temperature. When the ball is heated, it will no longer fit through the ring. Students
will discover that adding thermal energy (heat) makes a solid (metal ball) expand in size. As heat is
added to the ball, the particles move faster and the temperature (average kinetic energy) increases,
causing the particles to take up more space, and therefore increasing the size of the ball.

By the end of this demo, students will make connections between thermal energy and particle motion.
If completing this in-person, the directions for conducting the demonstration are set out below.
If completing this virtually, students can view the demonstration here

Model answers for both in-person or virtual demonstrations are shown below.

Materials Needed
Safety goggles

e Metal ball and ring
® Heat source
e Beaker of cold water Note: Please add ice to water and then remove it for the experiment, or use
water that has been refrigerated. The temperature of the water should be approximately 40'F or
5'C.
Directions

1. Before heating, move the ball through the ring several times to show how it fits through.

2. At this point, give students time to respond to questions 1-3 of the Student Guide, which ask
students to make observations and draw conclusions about this demo. Prompt them to answer
questions 1 and 2 independently and then think-pair-share in table groups. Review answers as a
class.


https://mosamack.wistia.com/medias/dgswb67t62
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Question 1: Draw and describe what you observe before thermal energy (heat)is applied
to the ball.
The metal ball fits easily through the metal ring (sketches and written observations
should support this).
Question 2: Make a claim about what will happen with the behavior of the particles in
the metal ball when thermal energy is applied to the ball.
Answers will vary. | predict that the particles will move faster, expand and may not fit
through the metal ring. | think this is because of what we saw in The Solve and in the
PowerPoint about particle motion.
Ask students to share out their answers to question 2. What will change if thermal energy (heat)
is added to the ball? Encourage them to be thinking about this question as you heat the ball.
Make it clear that thermal energy is another term for heat energy, and these terms can be used
interchangeably throughout the unit. Prompt students to do a think-pair-share about what is
happening in the demo.
Heat the ball over the flame for at least 80-95 seconds.
When thermal energy (heat) is added to the ball by placing it in the flame, the particles in the
ball begin to move around more freely, but still in a fixed, general position. This means that the
particle motion and average kinetic energy (i.e. temperature) increase. This increase in motion
expands the overall system.
Turn off the flame and try to place the ball through the ring again. Your students will notice that
it no longer fits through the ring.
Next, students will be asked to describe how thermal energy plays a role in this phenomenon.
Prompt students to answer question 3 in their Student Guide.
Question 3: What is the source of thermal energy? Describe what happened after
thermal energy was added to the ball.
The source of the thermal energy is the flame. After thermal energy was added to the
ball it expanded and no longer fit through the ring.
Cool the ball down by dipping it into the beaker of cold water for 15 seconds.
Ask students to predict what will happen once the ball cools down by answering question 4 in
their Student Guide.
Question 4: Make a prediction. What will happen when the ball cools down (removes
thermal energy)? Include the terms “particle motion” and “thermal energy (heat)” in
your prediction.
| predict that when the ball cools down, the particle motion will be slower because
thermal energy is removed. The decrease in thermal energy will cause the particles to
take up less space which will make the ball return to its original size.
Place the ball through the ring one final time.
When the ball is cooled by placing it in the cold water beaker, the particles slow back down and
the average kinetic energy decreases. The ball will fit through the metal ring because the system
has decreased back to its original size.
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10. Students can now answer questions 5 through 7 in their Student Guide.
Question 5: Below are two diagrams showing the metal ring and ball. The diagram to the
left (Before Heating) shows how the particles are arranged in the metal ring and ball
before heat is applied. What happens to the particles once the ball is heated (thermal
energy is added)? Draw and annotate the particles on the diagram to the right (After
Heating) to show your answer.

Before Heating After Heating

OsO¢

Question 6: Make a claim. What would happen if a lot more thermal energy (heat) was
added to the metal ball? Would the state of matter change? If so, how? What evidence
do you have to support your claim? Explain your reasoning.

If more thermal energy was added to the metal ball, the solid would eventually become
a liquid. | know this because of my background knowledge and what | observed in The
Solve. | know that when a liquid is heated up, it can eventually change to a gas. When a
solid is heated up, it can eventually change to a liquid.

Question 7: What does this demonstration show you about how thermal energy (heat)
affects the motion and average kinetic energy (temperature) of the particles in the
substance?

By adding thermal energy to a system, you are increasing the average kinetic energy
(temperature) of the particles. When you remove thermal energy from a system, the
average kinetic energy (temperature) and particle motion decreases.

Note: A common misconception is that if heat were applied to only the ring, the ball would no longer fit
through the ring. The ring will expand in all directions and get bigger, so the ball will fit through the ring
when it is heated and the ball is not. This is a great opportunity to disprove a common misconception. It
may be worthwhile to do this as a demonstration after students answer question 6, if your students are
confused.

Question 8: Apply your knowledge from the experiment to draw a conclusion. As the
blood travels to your hospital, it might be exposed to heat. Is it important to protect the
blood from heat, and if so, what protocol should be used?

Three doctors have three different responses to the question.
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Dr. Johnson: Protect it from the heat by keeping it in a temperature-controlled cooler. It’s
very important to protect the blood from heat because if it gets heated, the molecules in
the blood will move faster, spread out, and burst to the point of damaging the blood
cells.

Dr. Khan: Protect it from the heat by double-bagging it. It’s not too important to protect
blood from the heat because the molecules in the blood won’t change when exposed to
heat.

Dr. Furman: There’s no need to protect the blood from heat. Heat has no impact on the
state of matter of the blood molecules.

Which doctor is correct? Explain how you used your knowledge from the investigation
to come up with your answer.

Dr. Johnson is correct. During the Metal Ball and Ring Investigation, | noticed that the
ball expanded when heat was applied. If | apply this logic to the blood plasma situation, |
think that the blood would expand if it is exposed to heat.
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Question 2: The blood will be transported from a high altitude (low pressure) to a
low altitude (high pressure), which means it will be exposed to an increase in air
pressure. What material should the blood bags be made of?

Air Pressure on a Soda Can Demonstration

In this demonstration, a soda can containing a small amount of water will be heated on a hot plate. The
can will be heated until the water boils, causing steam (water vapor) to rise out of the can. At this point,
the water particles inside the can have a high kinetic energy and move around rapidly, with some water
escaping through the opening as steam.

Once the water has reached boiling point and steam has risen, the can is placed upside-down into a
shallow bowl of ice water, completely submerging the opening. The change in external temperature
(from hot plate to cold water bath) causes the rapid condensation of the water particles, creating empty
space in the can in which the water particles were once in rapid motion. The can will implode due to the
drop in pressure inside the can as compared with the higher pressure outside the can.

By the end of the demonstration, students will identify the relationship between pressure and phase
change.

If completing this in-person, the directions for conducting the demonstration are set out below.

If completing this virtually, students can view the demonstration here

Model answers for both in-person or virtual demonstrations are shown below.
Materials Needed

Safety goggles
Gloves

Hot plate
2 empty soda cans
Measuring cup/beaker
50 mL of room temperature water
Bowl of ice water
e Tongs
Student Materials
e Student Guide
e Pencils

Prepare ahead of time

1. Bowl of ice water
2. Watch the video demonstration here
3. Clean out the soda cans


https://mosamack.wistia.com/medias/q26f51t0bd
https://mosamack.wistia.com/medias/q26f51t0bd
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Directions

1. Turn on the hot plate and add % cup or 50 mL of water to the can. At this point, the air pressure
inside the can is equal to the air pressure outside the can.

2. Putthe can directly onto the heat source (hot plate) and heat the can until you hear bubbling
and begin to see water vapor. As you heat the water, the liquid water becomes water vapor
(gas). This is a phase change. This causes the air pressure inside the can to increase slightly. You
may also notice that some water (steam) and air particles are escaping through the top of the
can.

3. Prompt your students to answer question 1 in their Student Guide Planning Organizer.
Question 1: As the air particles in the can are heated, they are expanding. These expanding
particles are increasing the pressure inside the can. In the space provided below, sketch the
particle motion before and after heating.

Before Heating After Heating
low I\TP
—C
S
e hon 7 parmoke

mothon
| hot plate
hot plate

4. Grab the can with tongs and flip it upside down, submerging the opening in the bowl of ice
water. Prompt students to answer questions 2-5 in their Student Guide. When you flip the can
over, you create an airtight seal against the water. The water vapor remaining in the can is
cooled dramatically by the icy water. Because of this cooling, the pressure inside the can
decreases dramatically. Now the water molecules in the can do not take up as much space in the
can as when they were in a gaseous state with high thermal energy and high kinetic energy.
When the water molecules slow way down and condense back to liquid, they leave empty space
behind in the closed system of the can. Now, the pressure on the outside of the can is GREATER
than the pressure inside the can. The pressure from the outside of the can is able to crush the

can because of the now empty space inside the can (causing an implosion).

Question 2: Observe as the heated-up can is flipped upside down into the bow! of cold

water. Draw a diagram of what you observed.

Drawings will depict the crushed can.

Question 3: The cooling of these air particles causes a decrease in pressure on the inside

of the can. On your diagram, label areas of high pressure and low pressure. Include an

explanation of why the phenomenon occurred. Review slides 15 and 16 in the
slideshow.

10
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Steacn and heated water

The can
inplodfd because
the pressure

outsde te can
was higher 4,
inside the can.

Question 4: This demo shows us that when there is a low internal pressure (inside the
can), and a high pressure outside of the can, the can gets crushed. Given that
information, answer the following questions:

A. The inside of a can has equal pressure to the outside of the can. If the pressure
inside the can decreases and the pressure outside the can increases, will the can
explode, implode, or stay the same? Write your answer then draw the final
state of the can. The final state will depict the can being crushed. This is an
implosion.

Equal

B. The inside of a can has equal pressure to the outside of the can. If the pressure
inside the can increases and the pressure outside the can decreases, will the can
explode, implode, or stay the same? Write your answer then draw the final
state of the can. The final state will depict the can exploding.

Low

Question 5: Apply your knowledge from the experiment to draw a conclusion. The
blood will be transported from a high altitude (low pressure) to a low altitude (high
pressure), which means it will be exposed to an increase in air pressure. What material
should the blood bags be made of?

Three doctors have three different responses to the question.

11
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Dr. Johnson: Blood bags should be transported in a tin can. It is the least expensive
option and when the external pressure increases, the can will not be impacted.

Dr. Khan: Blood bags should be transported in a flexible plastic bag. The bag would be
exposed to an increase in external pressure, which means the bag would expand. The
flexible plastic would be able to withstand that change in pressure.

Dr. Furman: Blood bags should be transported in a flexible plastic bag. The bag would be
exposed to an increase in external pressure which means the bag would collapse. The
flexible plastic would be able to withstand that change in pressure.

Which doctor is correct about the transportation and reasoning? Explain how you used
your knowledge from the investigation to come up with your answer.

Dr. Furman is correct. During the can experiment, | noticed that when the external
pressure was greater than the internal pressure of the can, the can collapsed. The blood
bag would experience this same change and therefore collapse.

12
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Question 3: Blood plasma is a thick yellowish liquid in which the blood cells are
suspended. Blood plasma is important because it carries nutrients, proteins, and
hormones throughout the body. It also helps the body maintain a healthy blood
pressure.

Frozen plasma has been delivered successfully to the hospital and is ready to be
used. Defrosting plasma can be tricky because it can't be done too quickly or too
slowly—otherwise the plasma can be ruined! The plasma is transported in bags
that can withstand exposure to heat. But how should we thaw the plasma? We'll
need to come up with two strategies.

Thawing the Plasma Strategy 1: Submerging the Plasma
Food Coloring and Water Molecule Mixing Activity

In this investigation, students will compare how food coloring mixes in warm and cold water. They will
notice that the food coloring molecules mix with warm water much faster than cold water. This is
because warm water molecules move much faster than cold water molecules.

If completing this in-person, the directions for conducting the demonstration are set out below.

If completing this virtually, students can view the demonstration here

Model answers for both in-person or virtual demonstrations are shown below.

Materials Needed

Beaker of very warm water (~90°F/32°C)
Beaker of very cold water (~40°F/ 5°C)
Post-Its

Pens or pencils

2 thermometers (1 for each beaker)

1 bottle of food coloring

Stopwatch

Paper towels for spills

Student Station Card (this card is attached below and includes instructions)
Student Guide (to record observations and respond to questions)

Students will follow the directions on their Station Card to complete their Student Guide. Make this
available at the Station.

13
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Predict: Review the diagram of particle motion you drew on the first page. How do you think the
food coloring will mix in hot vs. cold water? Label and illustrate your predictions below with
what you believe the water will look like at the 30-second mark. Predictions will vary.

During the activity, students will discover that when food coloring is placed in cold water, it mixes much
more slowly than when it is placed into hot water. The reason for this is that water molecules that are
warm move much faster than water molecules that are cold. Students will record their data and
observations in their Student Guide.
Answer Key to Reflection Questions

1. Label the beakers with the most and least thermal energy.

p
p
p
p
p
0
o Cold Water Hot
2. In which beaker was particle motion fastest? What is your evidence?
Particle motion was fastest in the hot water beaker. | was able to observe this because the food
coloring spread most quickly in the hot water beaker.
3. In which beaker was particle motion slowest? What is your evidence?
Particle motion was slowest in the cold water beaker. | was able to observe this because the food
coloring spread least quickly in the cold water beaker.
4. Fillin the chart below.
Thermal Energy Particle Motion Kinetic Energy Avg Kinetic Energy
(write fast or (write high or low) (Temp)
slow) (write high or low)
High fast high high
Low slow low low

5. Apply your knowledge from the experiment to draw a conclusion: Frozen plasma has been
delivered successfully to the hospital and is ready to be used. Defrosting plasma can be tricky
because it can't be done too quickly or too slowly—otherwise the plasma can be ruined! How
should we thaw the plasma? Three doctors have three different responses to the question.

14
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Dr. Johnson: Thaw the bag by submerging it in cold water. The particles in cold water will move
faster than particles in warm water, which will therefore thaw the plasma quickly and
consistently.

Dr. Khan: Thaw the bag by submerging it in warm water. The particles in warm water will move
faster than particles in cold water, which will therefore thaw the plasma quickly and consistently.

Dr. Furman: Thaw the bag by submerging it in ice water that is the same temperature as the
frozen plasma. The particles in frozen water will move faster than particles in warm water, which
will therefore thaw the plasma quickly and consistently.

Which doctor is correct? Explain how you used your knowledge from the investigation to come
up with your answer. Dr. Khan is correct. During the food coloring and water mixing
investigation, | noticed that the food coloring mixed much quicker in the hot water than the cold
water. Therefore, | know that warm water particles will move faster than particles in cold water,
which will therefore thaw the plasma quickly and consistently.

Thawing the Plasma Strategy 2: Heating it on Metal
Butter Boat Activity
In this investigation, students will observe how thermal energy transfers from one substance to another.
After a piece of butter is placed onto an aluminum
boat, heat will transfer from the water, to the
aluminum, and then to the butter. The butter melts
because heat (thermal energy) from the water is
conducted through the aluminum tin to the butter.
Students will notice that not all of the butter
melted. This demonstrates that there has to be
enough thermal energy for all the butter to melt.
Students will use data (temperature of the water
before and after) to validate their observations of
thermal energy transfer. The collected data will
show that the temperature of the water decreased
(initially the temperature was higher because the
water molecules had more energy; as this energy
transferred to the butter, the temperature reduced) and the temperature of the butter increased.
Before After

If completing this in-person, the directions for conducting the demonstration are set out below.
If completing this virtually, students can view the demonstration here.
Model answers for both in-person or virtual demonstrations are shown below.

15
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