Physical Science

Science

Module 

PS-3.6
Properties and Classification Of Matter
Lessons
A & B

Instructional Progression: 
In 5th grade (5-4.2) students compared the physical properties of the states of matter (including volume, shape, and the movement and spacing of particles). This concept has not been revisited since that time.

Although the 5th grade and Physical Science indicators appear to be similar, Physical Science students develop a mental image of atoms and molecules and are 
conceptually prepared for a deeper understanding of the phases of matter in terms of the kinetic theory.
Taxonomy level of indicator:

2.6-B Understand Conceptual Knowledge
Key Concepts:

Kinetic theory, States of Matter: solid, liquid, gas, plasma

Content Overview:
It is essential for students to

· Understand the kinetic theory; (see PS-3.5)

· Understand the characteristics of solids, liquids, gases, and plasma in terms of the kinetic theory.

Solids · 

  The particles of solids are closely packed together because there is an attractive force holding them together

· The particles of solids are constantly vibrating, but they do not readily slip past one another.

· Because the particles vibrate in place and do not readily slip past one another, a solid has a definite shape.

Liquids 

· The particles of liquids are in contact with each other because there is an attractive force holding them together.

· The particles of liquids have enough energy to partially overcome the attractive force of the surrounding particles. Liquid particles can slip past surrounding particles and slide over one another. Because the particles slip past one another, a liquid does not have a definite shape and so takes the shape of the container. A sample of a liquid can be poured.

Gases 

· The particles of gases are not in contact with each other because they have enough energy to completely overcome the attractive force between or among the particles.

· The particles of gases are moving randomly, in straight lines until they bump into other particles or into the wall of the container. When a particle hits another particle or the container, it bounces off and continues to move.

· Because gas particles move independently, the particles move throughout the entire container. The forces between the particles are not strong enough to prevent the particles from spreading to fill the container in which the gas is located.

Plasma

 · Plasma is matter consisting of positively and negatively charged particles.

· A substance is converted to the plasma phase at very high temperatures, such as those in stars (such as the sun). High temperature means that the particles of a substance are moving at high speeds. At these speeds, collisions between particles result in electrons being stripped from atoms.

· Plasma is the most common state of matter in the universe, found not only in stars, but also in lightning bolts, neon and fluorescent light tubes and auroras.

Teaching Lesson A:
Particulate Popcorn Demonstration
Introduction to the lesson:
The student will observe the heating of clump of cold popcorn (held together by margarine) as an analogy to the heating of a solid.

Lesson time:

.5 day
Materials Needed:

    Approximately 25-30 mL of margarine

    Approximately 100 mL of popcorn

    Two 250 mL beakers

    1500-2000 mL beaker

    Hot plate

    Hot mitts

    Hot air popper (optional)

    Additional popcorn for snacking (optional)

    Salt (optional

    Paper napkins (optional)

    Wax paper

    Graduated cylinder
Essential Question:

How does heat affect the arrangement and motion of particles?

Procedure:
A.
Preparation:

1. Melt the margarine in a 250 mL beaker. It is a good idea to measure the margarine in a graduated cylinder. Too much or too little margarine will ruin the experiment.

2. Add 100 mL of popcorn to the beaker.

3. Place the beaker with the popcorn-margarine mixture in a freezer to harden.

4. After the mixture has hardened, warm the outside of the beaker in hot water to loosen the solid and remove it from the beaker.

5. Put the popcorn-margarine mixture on a piece of waxed paper. Replace any stray kernels. At this point, the mixture sometimes falls apart. Simply put it back together as you would when making hamburger patties from ground beef. Wrap the popcorn-margarine mixture in the waxed paper and place it into the freezer.
B.
Process
1. Discuss with the students the states of matter and relate them to the particulate or kinetic theory of matter.
2. Then show the students the popcorn-margarine mixture and explain that the corn kernels are the molecules of a solid being held by forces represented by the margarine. 

3. Review the properties of a solid using the popcorn-margarine solid. Place the solid in a 250 mL beaker on a hot plate and warm it until the margarine melts.

4. Pour the liquid back and forth between the two 250 mL beakers and talk about the properties of a “liquid”.

5. Heat the “liquid “in a 1500 mL or 2000 mL beaker over the hot plate until the molecules (the popcorn kernels) begin to pop. The large beaker allows the popcorn to spread out for better popping and also minimizes spattering of the hot margarine and the popped corn. Watch for splattering but don’t cover the beaker.

6. As the popcorn leaves the beaker, talk about the properties of a gas.

7. The students will want to eat some of the popcorn, so as they are writing up their observations, make another batch in the hot air popper and pass around. Or you could have some already in small bags and pass them out.

Assessing the Lesson:

Formative Assessment 

1. What do the kernels of popcorn represent? 

2. What does the margarine represent?

3. What were the properties of the glob? 

4. Explain what happened as heat was added to the glob of popcorn?

5. What are the properties of a liquid?

6. What are the properties of a gas?

Answers:

1. Molecules 
2. Forces holding molecules together 
3. Has a definite shape and volume 
4. The forces came apart (margarine melted) and the blob could be poured. 5. Has no define shape but a definite volume 
6. A gas has no definite shape or volume.

Teaching Lesson B
Water Dance
Introduction to the lesson:
The students will act as water molecules and simulate the arrangement and movement of the phases as heat is added.

Lesson time:

.5 day

Materials Needed:


Science notebooks

Essential Question:

What happens to water when heat energy is added or taken away?

Procedure: 
You will need a large open area to do this activity.  You may want to move the desks out of the middle of the room or choose another room with open space.  Some teachers choose to do this activity outside.

Tell the students that in this activity their job will be to pretend to be particles (molecules) of water.  If they can pretend well enough and act just like water molecules they will understand why water does what it does. (You may have to coach them some at first.)

a. Have the students move the desks so that there is a large open space in the middle of the room or you could find some other open space in which to work.  

b. Have the students put glasses and pencils away and gather in the center of the room.  

c. Ask them to hold on to the shoulders of other students.  They should use both hands and should hold on to more than one student.  (They should not be in a line.)  

d. Remind the students that they will have to keep the noise level down so they can hear instructions for this activity and be ready to stop when you tell them to do so.

e. Tell the students to start acting like water molecules.  They should start moving (wiggling, shaking, etc.) since molecules are always moving even in frozen ice.)

f. Say “Stop”: Tell them that they are a solid (ice) at this point since they are all stuck together. (Even though ice is frozen the particles still vibrate.) 

g. Say “RETURN TO MOVEMENT”:  Tell them that you are now adding heat.  (They should move progressively faster as you say “I’m adding more heat.” several times.)

h. Ask them what is happening to the temperature.  (It is increasing)

i. Keep telling them that you are adding heat until they are moving fast enough that they start to let go the shoulders of the other students.  

j. Say “Stop”:  Ask them what might be happening when they let go the shoulders of the other student. (melting)

k. Say “RETURN TO MOVEMENT”.  Keep adding heat and occasionally asking what is happening to the temperature.

l. When students are moving fast enough that some become separated say “Stop”.  Call attention to it and ask what that means?  (That student evaporated.)

m. Say “RETURN TO MOVEMENT”: Now tell them you are removing heat.  (They should start slowing down and going back together to form ice again.  Water molecules are attracted to each other so they will stick together.)

Students will have fun with and benefit from repeating the activity without the periodic “Stops”. 

Assessing the Lesson:
Formative Assessment

1. When imaginary heat energy was added what happened to the water molecules?

They moved faster. 

Emphasize that temperature is a measure of the speed of the molecules. The faster the molecules move the higher the temperature will be.  
2. When was the temperature the highest during their activity and when it was the lowest?


The temperature was highest when we moved the fastest.  It was lowest when we moved the slowest.

3. What happens to the temperature when more heat energy is added? 


It goes up.

4. What happens to the temperature when heat is taken away?


It goes down.

6. Why does the ice melt when the temperature increases? 


When the particles move fast enough that they can break apart

7. When does water evaporate?

When all of the bonds are broken and all students are not touching

8. Which states of matter is more likely at low temperatures?

At very low temperatures the solid phase is more likely.  At higher temperatures the liquid phase becomes more likely.

9. At very high temperatures which phase is more likely? Why?
The gas phase is more likely because the molecules are moving too fast to form bonds.

Assessment 1

Expository writing
Have the students write an expository paragraph in their notebooks explaining how ice melts turns to a liquid and then to a gas when heat energy is added with emphasis on what the particles of water do. 
 Assessment 2
Sample EOC type questions:

1. A liquid has a fixed volume and takes the shape of a container. Which statement best describes this liquid on a molecular level?

A  Molecules are moving freely with much space between them.

B  The atoms within the molecules in a liquid can change, and its shape can 
change.

C  Attractions between molecules are strong, but molecules do not have fixed 
positions.

D  Attractions between molecules are so strong that molecules cannot change their 
positions.

2. Which of the following is the BEST representation of molecules of water vapor?

[image: image1.emf]
3. The average kinetic energy of a sample of water molecules is —


A. increased as the temperature is decreased


B. increased as the temperature is increased _

C. unaffected by temperature changes


D. always equal to zero
4. Water molecules have the greatest kinetic energy in —

A ice at 0_C


B water at 373 K


C water at 98_C


D steam at 150_C
5. Which of these will cause water to change to ice?


A Removing heat from the water _


B Stirring the water


C Adding salt to the water


D Putting the water in the sunlight
Answers:

1.
C

2.
D

3.
B

4.
D

5.
A

Additional Instructional considerations/misconceptions:

Students often believe that at a given temperature the particles of all liquid substances are moving faster than the particles of all solid substances, and that the particles of gaseous particles are moving fastest of all. It is important that students understand that at a given temperature, all matter has the same average kinetic energy and that in each sample there are particles moving at all different rates of speed. As temperature increases, more particles move fast, fewer particles move slowly. The reason that various types of matter are in various phases at a given temperature is primarily due to the variation in the strength of the forces between the particles of various substances. Materials change phase when they absorb enough energy to break/overcome the attractions between the particles of which they are composed.
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Compare the properties of the four states of matter-solid, liquid, gas, and plasma-in terms of the arrangement and movement of particles.
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https://www.ed.sc.gov/apps/cso/standards/supdocs_hs.cfm?

Streamline SC
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Gases, Liquids, and Solids (8:30-12:10)

http://www.fossweb.com/modulesMS/kit_multimedia/ChemicalInteractions/menu.html
This is a good site for viewing motion of particles in the three phases of matter and relationship to temperature. It is interactive.
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www.graves.k12.ky.us/PowerPoints/gchs/hsjchumbler.ppt
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	Illustrate with words, pictures, or diagrams particle motion and arrangement in a solid, liquid,

gas, or plasma;

Classify a substance as a solid, liquid, gas, or plasma based on a description of the particle

arrangement and motion;

Summarize the characteristics of the particle motion in solids, liquids, gas, and plasma;

Recognize the four states of matter by their characteristics.



Standard: The student will demonstrate an understanding of various properties and classifications of matter.





Indicator: Compare the properties of the four states of matter—solid, liquid, gas, and plasma—in terms of the arrangement and movement of particles.





Other indicators addressed:  PS-1.1, 1.2, 1.3, 1.9











