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Introduction:

In this unit some of the major properties of solids, liquids, and gases will be investigated.  These states of matter will be described using the kinetic theory and through the aid of Molecular Dynamics Software.  This will provide the student with a means of visualizing the motion and behavior of atoms and allow them to build a mental model of the result of the changes in various parameters.

Intended Audience:

The study of this unit would be beneficial to students currently enrolled in high school chemistry. 

This will be used in a small rural high school in Mississippi.  The students are in both physical science and chemistry classes. The curriculum is based on core curriculum approved by the state.  All students must pass the following state exams in order to graduate:  Biology I, Algebra I, U.S. History, and English II.  In the future a chemistry exam will be required and this unit supports the state requirements.

It will be used with urban students in a school in RI that has 100% of the students qualifying for free or reduced price lunch, and has an enrollment that is greatly minorities with the bulk of the students identifying themselves as Hispanic.  The curriculum in this school is directly linked to the New Standards, and the New Standards Assessment is administered by the state to all students.  The Achievement Standard addressed by this unit follows:  The student demonstrates a conceptual understanding of the structure of atoms, structure and properties of matter, chemical reactions, motions and forces, conservation of energy and increase in disorder, and interactions of energy and matter by using the concept accurately to explain observations and make predictions and by representing the concept in multiple ways (through words, diagrams, graphs or charts as appropriate).  All students in the state are expected to achieve this standard.  Adoption of this unit would provide a means of achieving parts of it, and enhances the current curriculum.

Placement in the Curriculum:

This is a traditional unit in the chemistry curriculum and offers an opportunity to add depth to it.  It is appropriate at any point as long as the student understands the major characteristics of matter and substances.

Adjustment/Adaptation

In a computer limited environment the material could be presented using a LCD projector or a large screen TV.  Students could still answer the same questions offered in this unit but the pacing would have to be at a level that the whole class could follow.  Chemistry students can decide to perform one of the research projects listed in the States of Matter unit for extra credit.

Goals and Objectives:

After completing this unit students will be able to determine the differences in the relative spacing of particles in the solid, liquid, and gaseous states of matter.  They will be able to determine the changes in potential and kinetic energies in the three states of matter when temperature is increased.  Students will also be able to state in writing the effect of temperature on the arrangement of particles in a solid, liquid, and gas.  The students will be able to determine the change in velocity distribution when the temperature is increased on a solid, liquid, or gas.

Time:

This unit can be done in a one-week period depending on the depth of the laboratories or additional projects.
Resources:

Simulab Software, Textbook, Virtual Molecular Dynamics Laboratory:  Bridging the Gap Between the Microscopic and Macroscopic, Science Laboratory, Conceptual Chemistry Textbook
Electronic Equipment:

This unit would best be implemented with at least one computer for every two students.  The Virtual Molecular Dynamics Laboratory Software should be loaded onto each computer used.  The ability to print results should also be available.

Instructional Activities:

1. Teacher led discussion concerning the arrangement of particles in the solid,       liquid, and gaseous states. 

2. Use a short Power Point presentation to display “snapshots” taken from the VMD Software that illustrate the representation of a solid, liquid, and gas.  Display questions along with the snapshot for student response, and show typical answers on succeeding slides.

3. Teacher led discussion to include:

Definitions of potential and kinetic energies in terms of microscopic particles and the definition of temperature.

4. Wet Labs or Demonstrations (See attached sheets)

A) Hands-On Chemistry:  Hot-Water Balloon

B) The Fireproof Balloon
C) Temperature and Kinetic Energy Within States of Matter
5. Simulab Activity (See attached sheets for procedure and data table.)

Assessments:The assessments for this activity will include laboratory reports listed on page 3 and page 4, the Simulab Report Sheets contained on pages 9-12, and a final unit uiz contained on page 13. The rubric for the laboratory report is contained on page 14. (See attachments)

Wet Labs/Demonstrations 

I. Hands-On Chemistry:  Hot-Water Balloon

Purpose:   To see for yourself that a material in its gaseous phase occupies much more space that it does in its liquid phase.

Materials:   2 teaspoons of water, 9-inch rubber balloon, microwave oven, oven mitt

Procedure:  

1. Pour the water into the balloon.  Squeeze out as much air as you can and knot the balloon.

2. Put the balloon in the microwave oven and cook at full power for however many seconds it takes for boiling to begin, which is indicated by a rapid growth in the size of the balloon.  It may take only about 10 seconds for the balloon to reach full size once it starts expanding.  (The balloon will pop if you add too much water or if you cook it for too long.)

3. Remove the heated balloon with the oven mitt, shake the balloon around, and listen for the return of the liquid phase.  You should be able to hear it raining inside the balloon.  

Extension

What happens if you submerge the inflated balloon in a pot of ice-cold water?

II. The Fireproof Balloon

Purpose:  To compare the heat capacity of a solid (the balloon) and a liquid (the water within the balloon.

Materials:  two round balloons, not inflated, several matches, water

Procedure:  

1. Inflate one of the balloons and tie it closed.  Place 60 milliliters of water in the other balloon, and then inflate it and tie it shut.

2. Light a match and hold it under the first balloon.  Allow the flame to touch the balloon.  What happens?___________________________________________

_______________________________________________________________

3. Light another match.  Hold it directly under the water in the second balloon.  Allow the flame to touch the balloon,  What happens with this balloon?______________________________________________________

_____________________________________________________________

4. Why does the balloon with no water break in the flame?_________________

_________________________________________________________________

5. How does the balloon with water in it resist breaking in the flame?__________

       __________________________________________________________________

        Data

       1.  View the SMD movie to reinforce this experiment.

III. Temperature and Kinetic Energy Within States of Matter

Purpose:  The purpose of this experiment is to show the relationship between the kinetic energy and temperature.  

Materials:  three 250-ml beakers, ice, tap water, boiling water, and thermometer

Procedure:
1. Place ice in one of the beakers, measure and record the temperature.

2. Pour approximately 150 ml of tap water in a beaker, measure and record the temperature.

3. Pour approximately 150 ml of boiling water in a beaker, measure and record the 

temperature.

Data:

      Draw representations of each of the following states of matter and describe the 

arrangement of the molecules.

Energy and States of Matter

Purpose:   The objectives of this activity are to:

· Determine the differences in the relative spacing of particles in the solid, liquid, and gaseous states of matter. 

· Determine the changes in potential and kinetic energies in the three states of matter when temperature is increased.

· Determine the effect of temperature on the arrangement of particles in a solid, liquid, and gas. 

· In your data table draw a rough sketch of how the particles are arranged in the particles in a solid, liquid, and gas. 
· Determine the changes in velocity distribution of solids, liquids, and gases when the temperature is increased..

Materials:


Computers loaded with Virtual Molecular Dynamics Software

Procedure:


SOLID

1. Open SMD by double clicking on the icon that says Start SMD.

2. Open the States of Matter folder.

3. Open the file solid.

4. On your report sheet draw a rough sketch of how the particles are arranged in the solid shown on your computer screen.

5. Look carefully at the screen and record the temperature in the data table.

6. Select Show Averages.

7. Select Start and run the simulation for approximately 5 time units.  After 5 time units select Pause.  On your report sheet describe your observations of the motion of the particles in the solid at a constant temperature.

8. Write down the values of the Kinetic Energy and the Potential Energy in the data table.

9. Now select Reset Averages in preparation for another situation.

10. Change the temperature by moving the temperature slider so that it registers 0.3

11. Select Start and run the simulation for approximately 5 time units.  After 5 time units select Pause.  On your report sheet describe your observations of the motion of the particles in the solid at this new temperature.

12. Again write down the values of the Kinetic Energy and Potential Energy in the data table.  Compare these new values to your previous results.  Did the energies increase, decrease, or stay the same. Record your response on your report sheet.

13. Write a statement about the relation between the effect of temperature on kinetic energy and potential energy and include this on your report sheet.

14. Now select Reset Averages. Choose any different temperature less than 0.4 and make a prediction about what will happen when the experiment is run at this temperature. Record your prediction on the report.  Test your prediction and include your results in the data table.  If your prediction was not correct then explain in your report why you might have been in error.

LIQUID
15. Now Select File on the menu bar and choose Reset Experiment.  Move the temperature slider so that it is positioned at 0.4.   Select Start run the simulation for 5 time units. After 5 time units select Pause. What appears on the screen is a representation of the particles in a liquid.  

16. On your report sheet draw a rough sketch of how the particles are arranged in the liquid shown on your computer screen.

17. Now Select File on the menu bar and choose Reset Experiment.  Move the temperature slider so that it is positioned at 0.4.   Select Start  run the simulation for 5 time units. After 5 time units select Pause.  In your data table describe your observations of the motion of the particles in the liquid at a constant temperature.

18. Write down the values of the Kinetic Energy and the Potential Energy in the data table.

19. Now select Reset Averages in preparation for another situation.

20. Change the temperature by moving the temperature slider so that it registers 0.5

21. Select Start and run the simulation for approximately 5 time units.  After 5 time units select Pause.  In your data table describe your observations of the motion of the particles in the liquid at this new temperature.

22. Again write down the values of the Kinetic Energy and Potential Energy in the data table.  Compare these new values to your previous results.  Did the energies increase, decrease, or stay the same?

23. Write a statement about the relation between the effect of temperature on kinetic energy and potential energy and include this in your data table.

24. Now select Reset Averages. Choose any different temperature less than 2.0 and make a prediction about what will happen when the experiment is run at this temperature.  Test your prediction and include your results in the data table.  If your prediction was not correct then explain why you might have been in error.  

GAS

25. Select File, open Preset Experiment and select the gas file.

26. Look carefully at the screen and record the temperature in the data table.

27. Select Show Averages.

28. Select Start and run the simulation for approximately 5 time units.  After 5 time units select Pause.  In your data table describe your observations of the motion of the particles in the gas at a constant temperature.

29. Write down the values of the Kinetic Energy and the Potential Energy in the data table.

30. Now select Reset Averages in preparation for another situation.

31. Change the temperature by moving the temperature slider so that it registers 3.0

32. Select Start and run the simulation for approximately 5 time units.  After 5 time units select Pause.  In your data table describe your observations of the motion of the particles in the gas at this new temperature.

33. Again write down the values of the Kinetic Energy and Potential Energy in the data table.  Compare these new values to your previous results.  Did the energies increase, decrease, or stay the same. 

34. Write a statement about the relation between the effect of temperature on kinetic energy and potential energy and include this in your data table.

35. Select Reset Averages. Choose any different temperature and make a prediction about what will happen when the experiment is run at this temperature.  Test your prediction and include your results in the data table.  If your prediction was not correct then explain why you might have been in error.

Part II


Velocity Distributions

SOLID

1.  Open SMD by double clicking on the icon that says Start SMD.

2. Open the States of Matter folder.

3. Open the file solid.
4. Select Temperature vs. Time and change it to Velocity Distribution.
5. Select Show Averages.
6. Select Start and run the simulation for approximately 5 time units.  After 5 time units select Pause.  Write the temperature and the value of the average velocity squared (v2) in your data table.

7. Now select Reset Averages in preparation for another situation.

8. Change the temperature by moving the temperature slider so that it registers 0.3

9. Select Start and run the simulation for approximately 5 time units.  After 5 time units select Pause.  Write the temperature and the value of the average velocity squared (v2) in your data table.

LIQUID

10. Now select File on the menu bar and choose Reset Experiment.  Select Temperature vs. Time  and change it to Velocity Distribution.  Select Show Averages. 

11. Move the temperature slider so that it is positioned at 0.4.  Select Start and run the simulation for approximately 5 time units.  After 5 time units select Pause.  Write the temperature and the value of the average velocity squared (v2) in your data table.

12. Now select Reset Averages in preparation for another situation.

13. Change the temperature by moving the temperature slider so that it registers 0.5

14. Select Start and run the simulation for approximately 5 time units.  After 5 time units select Pause.  Write the temperature and the value of the average velocity squared (v2) in your data table.

GAS

15. Now select File on the menu bar and choose Open Preset Experiment.  Select gas.

16. Select Temperature vs. Time and change it to Velocity Distribution.
17. Select Show Averages.
18. Select Start and run the simulation for approximately 5 time units.  After 5 time units select Pause.  Write the temperature and the value of the average velocity squared (v2) in your data table.

19. Now select Reset Averages in preparation for another situation.

20. Change the temperature by moving the temperature slider so that it registers 2.0

21. Select Start and run the simulation for approximately 5 time units.  After 5 time units select Pause.  Write the temperature and the value of the average velocity squared (v2) in your data table.

Energy and the States of Matter Report Sheet

NAME_________________________________   

DATE__________________

DATA for SOLID

	
	Temperature


	Kinetic

Energy
	Potential 

Energy

	Trial 1


	0.1
	
	

	Trial 2


	0.3
	
	

	Student Selected Temperature
	
	
	



1. Draw a sketch of

the solid in the box to 

the right.

2. Describe the particle movement in the solid at a temperature of 0.1

3. Describe the particle movement in the solid at a temperature of 0.3

4. Look at the data table did the energies increase, decrease, or stay the same?

5. What effect does temperature have on the kinetic energy and potential energy of particles in a solid?

6. State your prediction of how energies will change at a new choice of temperature.

7. If your prediction was not correct then suggest a reason why it wasn’t.

DATA for LIQUID

	
	Temperature


	Kinetic

Energy
	Potential 

Energy

	Trial 1


	0.4
	
	

	Trial 2


	0.5
	
	

	Student Selected Temperature
	
	
	



8. Draw a sketch of

the liquid in the box to 

the right.

9. Describe the particle movement in the liquid at a temperature of 0.4

10. Describe the particle movement in the solid at a temperature of 0.5

11. Look at the data table did the energies increase, decrease, or stay the same?

12. What effect does temperature have on the kinetic energy and potential energy of particles in a liquid?

13. State your prediction of how energies will change at a new choice of temperature.

14. If your prediction was not correct then suggest a reason why it wasn’t.

DATA for GAS

	
	Temperature


	Kinetic

Energy
	Potential 

Energy

	Trial 1


	1.0
	
	

	Trial 2


	3.0
	
	

	Student Selected Temperature
	
	
	



15. Draw a sketch of

the gas in the box to 

the right.

16. Describe the particle movement in the gas at a temperature of 1.0

17. Describe the particle movement in the gas at a temperature of 3.0  Look at the data table did the energies increase, decrease, or stay the same?

18. What effect does temperature have on the kinetic energy and potential energy of particles in a gas?

19. State your prediction of how energies will change at a new choice of temperature.

20. If your prediction was not correct then suggest a reason why it wasn’t.

Data Table for Molecular Velocities and Temperatures

	Material


	Temperature
	Square of Average Molecular Velocity

	Solid  #1
	0.1


	

	Solid #2
	0.3


	

	Liquid #1


	0.4
	

	Liquid #2
	0.5


	

	Gas #1


	1.0
	

	Gas #2


	2.0
	


21. Examine your data and describe the relationship between temperature and average molecular velocities.

Investigating States of Matter

Final Unit Quiz

NAME_______________________________________

1. Explain how temperature and average kinetic energy related

2. Which has stronger attractions among its sub-microscopic particles:  a solid at 25(C or a gas at 25(C?

3. Draw a simple diagram of a collection of at least 12 particles that show the relative amount of space between them in the following states:

a) gas

b) liquid

c) solid

4. How does the kinetic energy of a solid, liquid, and a gas compare at the same temperature?  Explain completely.

5. How does the potential energy of a solid, liquid, and gas compare at the same temperature?

6. List some real-life examples where a gas and a liquid can co-exist in the same system.

7. Explain the relationship between molecular velocities and temperature.

8. Describe the relationship between kinetic energy and the velocities of particles in solids, liquids, and gases.

9. Discuss in detail what is incorrect with the diagrams in the following problem that was found in a high school textbook:

The diagram at the left shows two phases of a single substance.  The middle box shows what the particles would look like if heat were taken away.  The box on the right shows what they would look like if heat were added.  Each particle represents a water molecule.


Lab Report Rubric

Name__________________________________________________ Date____________

Lab Partners_______________________________________ Course/Period__________

	Title

_________ Points


	Give a name to the lab, which informs the reader of the question being asked.  A complete title includes the independent variable.                         <2 pts.>

	Introduction

________Points

________Points
________Points
	A complete introduction includes:

· In-depth background information in which you provide the reader with the concepts and framework to understand the point of your

experiment.                                                                           <5 pts.>   

· A purpose that states the overall goal of the experiment.      <2 pts.>
· A hypothesis which includes the specific question being asked and an educated prediction of your results.                                       <2 pts.>


	Materials and Methods

         ________Points
         ________Points

           ________Points
	The Materials and Methods section describes how, when, where, and what you did clearly enough so that the experiment could be repeated by the reader.  The experiment must be designed so that it actually tests the stated hypothesis.  An excellent method is, in addition, imaginative and interesting, for example drawing on your knowledge in other areas or addressing important issues in society.  It should include the following:

· The PROCEDURE you followed written as a paragraph.  Use the past tense and the passive voice.  Example: “Two drops of hydrochloric acid were adder to the solution.”   The materials should be included in a separate section from the procedure.                                       <2 pts.>
· How control and experimental groups were treated.                 <1 pt.> 

· What measurements were made and how data were collected.  <1 pt.>  

   

	Results

         ________Points

         ________Points
	This section is the key to a strong lab report.  Clear analysis and presentation of your results are essential because the lab report.

· Data and Observations

1. Present a summary of all the results you observed in a table.  Label all columns and rows.  Include units.  Number tables as Table 1, Table 2, etc. and give an informative title.

2. Include drawings, if they would be helpful.  Number as Fig.1, etc, and give an informative title.

3. Give a short written summary of all the data (each table, drawing, etc.), referring in the text to each table, drawing, etc. by its number.    <5 pts.>       

· Data Analysis
1. Make the appropriate computer graphs that illustrate your results.  Be sure all graphs are title appropriately, axes are labeled with units, and the dependent variable is on the y-axis.  Number as Fig.1, etc.

2. Give a short written summary of the important results ( tables, drawings, and graphs).  At least one sentence should be included for each table, drawing and graph and the text should refer to the specific table or figure number for each.

3. Discuss important trends in the data.                               <5 pts.>

	Discussion

________Points

________Points

________Points

________Points

________Points

________Points


	This section is important because you show your understanding of how your results relate to the purpose of the experiment.

· State whether your data supports or negates the hypothesis you proposed.  Discuss this conclusion using specific data.                               <2 pts.>  

· Explain the significance of this conclusion in light of the various things you discussed in the introduction.                                               <2 pts.>
· Discuss possible alternate interpretations of your data.               <2 pts.>
· Include an explanation of meaningful sources of error and how they affected your data.  (Mistakes are not sources of error.) How could your experiment be improved to make it more accurate or more informative?    <2 pts.>  

· Suggest further questions to be researched                           <2 pts.>   

· End with a clear, summarizing statement or conclusion.        <1 pts.>                                    

	Bibliography

________Points
	All published work (journals, books, web sites) used as a references for your paper should be listed here. Use MLA format.                                             <2 pts.>       



	Writing

________Points

	Clarity and mechanics of writing, grammar, spelling, punctuation, etc. <2 pts.>       

	Final Product

________Points
	Sections should be in correct order, neatness, proofreading.                        <2 pts.>       

	Total _____________
	Final Grade
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