Physical Science

Science

Module 

PS-3.7
Properties and Classifications of Matter
Lesson

A

Instructional Progression: 
Students in 3rd grade explained how water and other substances change from one state to another (including melting, freezing, condensing, boiling, and evaporation (3-4.2). In 7th grade students revisited changing states of matter as a physical change along with melting and boiling points as properties. The Physical Science indicators appear to be very similar to 3rd grade, but Physical 

Science students have developed a conceptual image of atoms and molecules and are more cognitively prepared for a deeper understanding of phase change in terms of the kinetic theory and energy changes.
Taxonomy level of indicator:

2.7-B Understand Conceptual Knowledge
Key Concepts:

Temperature

Phase change (in terms of energy): freezing/melting point, boiling point,sublimation

Temperature change (in terms of energy)
Content Overview:
It is essential for students to

· Understand that temperature is a term used to describe the average kinetic energy of the particles in a substance. In a sample of material at any temperature there are particles moving at all speeds. Temperature is a measure of the average motion of the particles. At higher temperatures, more of the particles are moving fast and at lower temperatures, more of the particles are moving slowly.

· Explain phase change in terms of the kinetic theory.

Phase change is due to changing the freedom of movement of the particles by the addition of energy.

The freezing/melting point is the temperature where a phase change occurs as both the liquid and solid phases exist in equilibrium with each other. If heat energy is being added at this temperature, bonds between particles will break and a solid will melt. If heat energy is being taken away, bonds will form between particles and a liquid will freeze at this temperature.

The boiling point is the temperature where a liquid is changing to a gas throughout the liquid. Evaporation at the surface of a liquid can occur at any temperature. However, at the boiling point bubbles of the vapor are formed throughout the sample and rise to the top and escapes at which point the sample is said to be boiling.

· Understand that when energy (such as heat) is added to a substance, the energy of the particles of the substance increases. Evidence of this would be that: (1) the temperature of the substance increases, or (2) a phase change occurs.

· Understand that when heat is added to a solid the particles will move faster and the temperature will increase until the temperature of the solid reaches its melting point.

When the temperature of a solid is equal to the melting point and more heat is added to the substance, the temperature will not change. The extra heat will be used to break some of the bonds between the molecules of the solid and change the phase to a liquid.

· Understand that when heat is added to a liquid the particles will move faster and the temperature will increase until the temperature of the liquid reaches its boiling point.

When the temperature of a liquid is equal to the boiling point and more heat is  added to the substance, the temperature will not change. The extra heat will be used to break the bonds between the molecules of the liquid and change the phase to a gas. When a substance boils, it forms bubbles of the gas. (For example when water boils, the bubbles are filled with water vapor.)

· Understand the changes shown on a temperature versus time graph that shows        boiling point and melting/freezing point.

The line of the graph has a positive slope until a phase change occurs.

At the melting point or boiling point the temperature does not change as more heat is added over time. The slope of the line will be flat during the time that the phase is changing.

  After the phase change the slope of the line becomes positive again.
Heat Added Over Time
[image: image1.emf]
Understand that liquids may evaporate at any temperature. This is because some of the molecules at the surface are moving fast enough to escape the attraction of the other molecules.

· Understand that solids may undergo the process of sublimation, a process that involves particles changing directly from the solid phase to the gaseous phase. This is a process similar to evaporation that takes place at the surface of the solid. An example of sublimation is seen when dry ice (solid carbon dioxide) disappears as it changes directly to gaseous carbon dioxide without melting first.

Teaching Lesson A:
Investigating a Phase Change

Introduction to the lesson:
The students will be engaged in collecting data and constructing a phase change diagram for water.

Lesson time:

1 day
Materials Needed:

· Glass beaker, 250 mL 

· Ice cubes 

· Thermometer 

· Hot plate 

· Clock or wristwatch timer 

· Graph paper 

· Small clamp 

Essential Question:

How do temperature, heat transfer, and particle arrangement affect phase changes of water?

Procedure:
1. Fill a 250 mL beaker about half full with ice. Record the temperature.

2. Pour 100 mL water in the beaker. Wait about 2 minutes, and again measure the temperature of the mixture and record the time.

3. Turn the hot plate on to medium heat. Place the beaker with the ice and water on the hot plate and warm it slowly. 

4. Every two minutes read the temperature of the mixture and record it. Use the small clamp to hold the thermometer off the bottom of the beaker. 

5. Watch the mixture and record the time and temperature. Describe the mixture and note when all the ice has melted. 

6. Continue to heat the water and record its temperature. 

7. Note the time and temperature at which the water boils. Continue to record the temperature each minute for five minutes after it begins boiling. Stop before all of the water has boiled. Do not let the thermometer rest on the bottom of the beaker. 

8. Plot your results on a sheet of graph paper. Label the x-axis "Time" and the y-axis "Temperature". Label what happened at various points on the graph. 
Data Table
	Time (Minutes)


	Description of Particles
	Temperature of Water
	Time (Minutes)
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	Temperature of Water

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Assessing the Lesson:

Formative Assessment 

1. At what time was ice at its freezing point?

2. Using your graph, describe how the temperature of the ice/water changed over time.

3. During what time period(s) were phase changes occurring? 

4. Explain what was happening in terms of temperature, heat transfer, and arrangement of molecules during each phase change.

5. Explain any horizontal portions of your plot. At what temperature did they occur? Why did the temperature remain unchanged during these periods? Explain.

6. At what temperature did the ice completely melt? At what temperature did the water begin to boil?

7. What was the maximum temperature reached by the water?

8. Is it possible to raise the temperature of the water more than its boiling point?
Assessment 1
Phase Change Diagram

Heat plays an important role in phase changes. Heat is energy that causes particles of matter to move faster and farther apart. As particles move faster, they leave one phase and enter another. Phase changes produce changes in only the physical properties of matter. They do not produce changes in the chemical properties. A substance is still the same kind of matter regardless of its phase.

Examples of phase changes include melting, freezing, condensation, evaporation, and sublimation. Melting occurs when a solid changes to a liquid. Freezing occurs when a liquid becomes a solid. Condensation involves a gas becoming a liquid. Evaporation involves a liquid becoming a gas and sublimation is the change of a solid directly to a gas. Phase changes require either the addition of heat energy (melting, evaporation, and sublimation) or subtraction of heat energy (condensation and freezing). The diagram below is called a phase-change diagram. It shows how heat-energy and temperature are related as an ice cube becomes steam. Changing the amount of heat energy usually causes a temperature change. However, DURING the phase change, the temperature stays the same even though the heat energy changes. This energy is directed into changing the phase and not into raising the temperature. That's why the temperature of water doesn't increase as it is boiling. The temperature remains constant until the phase change is complete.

Read the paragraphs above, then study the diagram and answer the

questions on the back of this paper. [image: image2.emf]
1. What has to be added to a substance to cause a phase change?

2. Which type of energy is being transferred during a phase change?

3. Which phase changes release heat?

4. Which phase changes require that energy is added to make it occur?

5. What do you call the process of a solid changing to a gas? 

6. Why do you think the temperature does not change while a liquid boils even though heat is being added to the liquid?

7. What do you call the process of a liquid changing to a solid?

8. What do you call the process of changing a liquid to a gas?

Answers:


1.
Heat Energy
2. Heat

3. Freezing and condensation

4. Melting and boiling (or evaporation)

5. Sublimation

6. The energy is being used to break the bonds between the molecules and move them apart (phase change).

7. Freezing

8. Evaporation
Summative Assessment 
Diagrams and Questions

Use the information in the graph to answer questions 1-5

A sample of water is heated from a liquid at 40oC to a gas at 110oC. 
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1. What phase (or phases) of water was present during period S and T?

A. gas

B. liquid

C. solid

D. gas and liquid

E. liquid and solid

2. During what period was the water in the solid phase only?

A. Q to R

B. R to S

C. S to T

D. Q to S

E. R to T

3. During what period was the temperature constant?

A. Q to R

B. R to S

C. S to T

D. Q to S

E. R to T

4. During what period were the particles moving fastest?

A. Q to R

B. R to S

C. S to T

D. Q to S

E. R to T
5. At what time did the particles have the greatest kinetic energy?

A. R

B. S to T

C. S

D. Q

E. T

Refer to the graph below to answer questions 6-10.

The graph below represents the heating curve of a substance that starts as a solid below its freezing point. 
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6. What is the melting point of the substance?

A. 30 degrees C

B. 55 degrees C

C. 90 degrees C 

D. 100 degrees C

7. What is the boiling point of the substance?

A. 30 degrees C

B. 55 degrees C

C. 90 degrees C 

D. 100 degrees C

8.
At what temperature do both solid and liquid exist?

A.
30 degrees C

B.
55 degrees C

C
90 degrees C 

D100 degrees C

9. During what period(s) do(es) the kinetic and potential energies remain constant?

A.
30 to 55 degrees C

B.
55 to 90 degrees C

C.
55 and 90 degrees C
D.
90 to 120 degrees C
10.
At which temperature was the potential energy the greatest?

A
30 degrees C

B. 55 degrees C

C. 90 degrees C 

D. 100 degrees C

Answers


1.
A


2.
A


3.
B


4.
C


5.
E


6.
B


7.
C


8.
B


9.
B


10.
A
Assessment 3
EOC Type Questions

1. Which of the following best describes sublimation?


A. A solid melting to a liquid


B. A solid melting to a liquid, which then evaporates


C. The movement of gaseous particles so that they fill the space they occupy


D. A solid forming a gas _

Answer D

2. During the process of evaporation, liquid water becomes —


A. tiny drops of water


B. separate atoms of water


C. molecules of water vapor _


D. atoms of hydrogen and oxygen
Answer C
Additional Instructional considerations/misconceptions:

Students often confuse heat with temperature.

o Sometimes it is helpful to point out that a huge pot of very hot water and a coffee cup of very hot water can both have the same temperature, but the pot of water contains much more heat energy than the water in the cup because the mass of the water in the pot is so much greater. This concrete example helps students to understand that there is a distinction in the two concepts, even though it is beyond the scope of this course for students to fully explore the distinction in the two. The only distinction that is essential for Physical Science students to make is that heat is a form of energy and temperature is an indication of the average kinetic energy (and therefore the speed) of the particles.
SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL GUIDE

	Content Area:  Science
	Science Inquiry Skills-These standards should be addressed during the first few weeks of school and revisited throughout each unit.                                                   Physical Science

	Recommended  Days of Instruction:  1
	(one day equals 90 min)

	Standard(s) addressed:  PS-3 The student will demonstrate an understanding of various properties and classifications of matter.



	

	Phase Changes

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	PS–3.7

Explain the processes of phase change in terms of temperature, heat transfer, and particle arrangement.

	SC Science Standards Support Guide

https://www.ed.sc.gov/apps/cso/standards/supdocs_hs.cfm?

http://www.chemcool.com/regents/physicalbehaviorofmatter/aim10.htm
Excellent site for phase change diagrams and assessments


	Module 3-7

Lesson A 

Investigating a Phase Change (lab) 


	Assessment 1
Phase Change Diagram

Assessment 2
Diagrams and Questions
Assessment 3

EOC Type Questions

Assessment Guidelines:

The objective of this indicator is to distinguish chemical properties of substances from physical

properties (solubility, viscosity, conductivity, density, boiling and freezing point), therefore, the primary focus of assessment should be to identify the relevant or important aspects of each property necessary for 


	Phase Changes

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	
	
	
	classification. In this case, the composition of the substance does or does not change when the property is measured, as well as an understanding of the distinction between chemical and physical properties.

In addition to distinguishing chemical and physical properties, assessments may require that students:

· Classify properties as physical or chemical.

· Identify physical and/or chemical properties of a substance.

· Exemplify (give examples) chemical and physical properties.

· Use the mathematical formula for density to solve for one of the variables when given the other two.


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





Indicator: Explain the processes of phase change in terms of temperature, heat transfer, and particle arrangement.





Other indicators addressed: PS-1.1, 1.9








