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Abstract.  The instructional unit described in this account was designed during an NSF institute for science educators.  It is a model unit for chemistry education incorporating the Virtual Molecular Dynamics Laboratory.  It includes a brief introduction to the objectives for learning, the relevance of these objectives to the standard curriculum, and an outline of instructional activities and assessment techniques.
Introduction

This unit is designed to accompany a chapter on states of matter and phase transitions.  The activities outlined explore the molecular nature of the three principal states of matter (solid, liquid, and gas) and the transitions between them.  The energy and temperatures associated with the states of matter and the transitions between them are also explored.  Kinetic Molecular Theory is used to describe the behavior of particles.  Hands-on activities combined with computer simulations provide a unique look at both the macroscopic and the molecular basis of phase transitions.

A primary focus of this unit is the incorporation of the Virtual Molecular Dynamics Laboratory into the traditional approach to teaching the states of matter.  This provides a distinct advantage in that it allows students to visualize molecular motion and molecular interactions.  When incorporated appropriately into the curriculum, this computer simulation can help students understand the macroscopic properties they observe.

Intended Audience / Adjustment

The materials that follow were developed for honors level students.  They are easily adapted for a standard level classroom by focusing on the qualitative content rather than quantitative content.  Advanced placement students might be expected to perform the more challenging calculations included in the experiments.  The varying activities and assessment techniques are designed to encompass a broad range of learning styles.

Placement in the Curriculum

This instructional unit addresses the following categories within the Grade 10 or 11 Chemistry Massachusetts Science and Technology/Engineering Framework.
  The material is revisited in units on gas laws and solutions.

1.1 Identify and explain some of the physical properties that are used to classify matter.  e.g. … melting point, and boiling point

1.2 Describe the four states of matter (solid, liquid, gas, plasma) in terms of energy, particle motion, and phase transitions.

10.3 
Analyze the energy changes in physical and chemical processes using calorimetry.

Goals and Objectives

The objectives of this unit are as follows:

1. State and describe the three states of matter.

2. Using kinetic molecular theory (KMT), explain the similarities and differences between each phase.

3. Using KMT, describe what happens within each phase and the transitions between phases.

4. Define heat and describe how it is measured.

5. Draw the heating curve of a given substance by plotting temperature as a function of time.

6. From an energy point of view, explain the heating curve.

7. Explain how heat is involved in phase transitions.

8. Define heat capacity, specific heat, heat of fusion, and heat of vaporization.

9. Experimentally determine the values for heat capacity, specific heat, heat of fusion, and heat of vaporization of a given substance.

10. Given the values for heat capacity, specific heat, heat of fusion, and heat of vaporization, calculate the amount of heat involved in a specific phase transition.

Time / Resources

It is envisioned that this unit will require twelve teaching days.  Classroom activities are designed for approximately 40-minute sessions.  Time required for preparation and clean-up is minimal.  Each activity specifies the amount of time required.  Materials for the hands-on activities are common to high school chemistry laboratories and are listed within each experiment.  Ideally, students should perform computer simulations in groups of two to four.  However, if this is not possible, the simulations can be run as demonstrations, provided the screen is large enough for students to clearly see the display.

Instructional Activities

	Day 1
	Introduction to the states of matter and phase transitions.

Teacher-guided worksheet:  “States of Matter and Phase Transitions.”

Relevant reading assignment and selected homework problems.

	Day 2
	Simple assessment to determine prior knowledge any prior misconceptions

Introduction to / Review of Kinetic Molecular Theory (KMT).

Simulab:  “Explore the Common States of Matter.” 

Provide rubric for unit project.

	Day 3
	SMD Demo:  “Boiling.”

Lab:  “Boiling Point.”

Compare simulation with laboratory results.

Teacher-assigned teams will collaborate to interpret data.

Homework:  laboratory data manipulation and analysis.

	Day 4
	Teacher-directed discussion of heat and temperature.

Demo/Minilab:  “Heat and the Calorie.”

Demo/Minilab:  “How Much Energy in a Nut.”

	Day 5
	Lab:  Melting Point Determination.

	Day 6
	Construction and discussion of the heating curve.

Introduction to heat capacity, heat of vaporization, and heat of fusion.

	Day 7
	Assessment for heating curve.

Lab:  “The Heat of Fusion of Ice.”

	Day 8/9
	Introduction to Specific Heat.

Lab:  Specific Heat of Liquids.

Lab:  Specific Heat of Solids.

	Day 10
	Teacher-modeled laboratory calculations.

Simulab:  Heating curve.

Draw connections between previous experiments and the final heating curve.

	Day 11
	Review calculations.

Provide clarification of unit project.

Make connections between all activities by generating a graphic organizer with the class.

	Day 12
	Unit Exam.

Collect unit project.


Assessment

The following is an outline of the tools for assessment used in this unit:

· Throughout the unit, reading assignments and problem sets will provide embedded assessment of student progress.

· An early simple assessment will be directed at the student’s prior knowledge of the topic and gauge comprehension of the new material.

· Halfway through the unit, another simple assessment will gauge the student’s progress within the unit and mastery of the material.

· Several hands-on activities will engage the students.  Their performance and understanding of the laboratory material will be assessed by post-laboratory assignments.

· A unit project will assess the student’s ability to make connections between several different concepts within the unit.  A rubric and exemplars will be provided to clarify expectations.

· The unit exam will incorporate several assessment tools to assess all types of learners.  Questions will include free response, calculations relating to laboratory experiments, and multiple-choice questions.

· The following three categories of assessment will be given equal weight, each accounting for one third of the unit grade:

i. problem sets and laboratory assignments

ii. unit project

iii. unit exam

Appendices

I. Power Point Presentation

II. Simulab: “Virtual Laboratory to Explore the Common States of Matter”

III. Hands-on Laboratory Activities

A. Boiling Point

B. Heat and the Calorie

C. How Much Energy in a Nut

D. Melting Point Determination

E. Heat of Fusion

F. Specific Heat of Liquids

G. Specific Heat of Solids

IV. Unit Project Outline and Rubric

V. Sample Problem Set

VI. Sample Quiz

Virtual Laboratory to Explore the Common States of Matter

You will use the Simulab software to explore the molecular nature of solids, liquids and gases.  You will begin your investigation with a solid sample consisting of 200 particles watching the distribution of energies and how they change in time under constant conditions.  You will incrementally vary the temperature of the sample and observe how this energy distribution changes while simultaneously observing the molecular behavior of the sample.  You will observe the phase transitions of the sample, describe the system on the molecular level, and the energetics involved in these processes. After this exercise you will be able to answer the questions posed by of objectives 1-3.

Open the Simulab software and following the directions below.

1. Double click Start SMD! icon on your desktop and chose States of Matter folder under the open preset experiment window.  Double click solid.

2. Change display particles to relative kinetic energy.  Click and drag the kinetic energy spectrum box to the side so that you can monitor this window without blocking the other pictures.  This window shows you the relative kinetic energies of the particles with red being the lowest and violet being the highest.

3. Change the Temperature vs. Time window to display Energy vs. Time.  Note that the graph will display the total energy with a black line and the kinetic and potential energies with red and blue lines, respectively.  During your simulations take notice of the relationship between kinetic, potential and the total energy.

4. Under the edit menu chose select particles… .  A box will appear and you must activate the select particle(s) button.  Move the cursor to the molecular picture and click on any individual particle on the edge of the sample.  Now move the cursor to the middle of the sample and select a particle in the middle of the sample.  The two particles should now be highlighted enabling you to monitor its progress during the simulation.  Close the select particle box.

5. Click on show averages button.

6. Record your temperature (it should be set to 0.1).  The temperature units are arbitrary and you are only interested in the relative values as you increase the temperature.

7. You are now ready to begin your experiment.  During the simulation you should monitor the following:  kinetic energy of selected particles and how the energy changes, location of the selected particles, distance between all particles in the sample, motion of the selected particles, and the motion of all particles in the sample (by changing display particles as: trajectories).

8. Begin your experiment by pressing the start button.  Record your observations on your data record sheet and answer related questions.

9. Press the pause button.  Reset temperature to 0.2 using the temperature slide bar and your cursor.  You can make small adjustments with the arrow keys.  Click on the reset averages button.

10. Press the start key and begin your experiment.  Record your observations on your data record sheet and answer related questions.

11. Repeat steps 9 and 10, increasing the temperature each time, over the temperature range of 0.1 – 1.0 using increments of 0.1.  Record your observations.

12. Conclude the simulation portion of the experiment by repeating steps 9 and 10, at a temperature 4.0.  Record your observations.

Analysis questions:

1. Describe the motion of the particles as you increased the temperature.

2. What is the relationship between temperature and kinetic energy?

3. Describe the distance between the particles as you increase the temperature.

4. Based on your answers to questions 1 – 3, what generalizations can you make about solids, liquids and gases.

5. Approximate the melting point and boiling point of the sample.

6. Describe the behavior of the sample during each phase transition.

7. Compare the selected edge particle to the selected center particle as temperature is raised.

8. What happens to particle trajectories (paths) as the temperature is increased?

9. How closely does this simulation agree with kinetic molecular theory?  Explain.

Simulab Observations:  States of Matter

	
	Observations

	Temp
	Particle 1
	Particle 2
	All Particles

	0.1
	
	
	

	0.2
	
	
	

	0.3
	
	
	

	0.4
	
	
	

	0.5
	
	
	


	
	Observations

	Temp
	Particle 1
	Particle 2
	All Particles

	0.6
	
	
	

	0.7
	
	
	

	0.8
	
	
	

	0.9
	
	
	

	1.0
	
	
	

	4.0
	
	
	


Lab: Boiling POINT

Introduction

The purpose of this lab is to:


a)   see what happens to the temperature of a substance when it boils


and


b)  determine if temperature is a measure of heat gained.

MATERIALS


2 250 mL beakers


ring stand


wire gauze


Bunsen burner


black dye

Procedure

1. Prepare a heating set-up:  ring stand, iron ring, wire gauze.

2.
Put 200 mL of cold tap water into a beaker.

3.
Take the temperature of the water now and record this as the temperature at time zero.

4.
Begin heating the water with the Bunsen burner and taking the temperature every 30 seconds while you are heating the water.  Stir the water with ;the thermometer and take the temperature in the middle of the volume of water for each reading.

5.
After the water begins to boil rapidly, continue taking the temperatures at 30 second intervals for 5 more minutes.

6.
At the end of the 5 minutes, shut off your burner.  Use a hot mit to place your hot beaker on the desk. Set next to this beaker the second 250 mL beaker filled with cold water.  Carefully add a drop of black dye to each beaker.  Record your observations.

7.  Using the “Graphical Analysis” program on the computer, make a graph of temperature (Y-axis) vs. time (X-axis).

Data

SAMPLE  DATA TABLE

	TIME (SECONDS)
	TEMPERATURE  (oC)

	
	


QUESTIONS
1.
From your observations and the graph you have made determine the temperature


at which the water boiled.

2.
How did you determine water’s boiling point?  Check your graph.

3.
The Bunsen burner’s flame is much hotter than 200oC. Does the water temperature


keep going up?

4.
Is the temperature of the water still going up when the boiling point is reached?

5.
Are you still adding heat at the boiling point?

6.
Is the temperature a measure of heat gained?

7.
In which beaker did the dye spread out faster?

8. 
Consider the preceding questions.  What does temperarture measure?

9.
If you collected all the steam from your boiling water, after all the water boiled away,


would the steam’s temperature go up?  (Consider your graph when answering this question.)

WRITE A CONCLUSION

Lab: HEAT AND THE CALORIE

Introduction

When heat is absorbed by liquid water, the temperature of water rises. The amount of heat necessary to raise the temperature of one gram of water by one degree Centigrade is reasonably constant between 8oC and 80oC.  Consequently, it provides a simple and reproducible basis for a definition of a standard amount of heat, the calorie.  The CALORIE is the amount of heat to raise the temperature of one gram of water one degree centigrade.  Conversely, one calorie is released as one gram of water is cooled one degree centigrade.  (1 cal= 4.184 J)

The purpose of this lab is to use this knowledge of the calorie to determine the heat of combustion per gram of candle wax.  You will weigh a candle before you burn it. You will allow water to capture the heat from the burning candle.  You will then weigh the candle at the end of the experiment.  Calculate the amount of heat gained by the water and divide by the amount of candle wax that was burned to obtain the calories per gram of wax.

MATERIALS

1 short candle and a small piece of foil or cardboard

1 small coffee can with holes punched to allow a glass rod through

1 large can with top and bottom removed

1 glass rod

1 thermometer

Procedure

1. Weigh a candle to the nearest 0.01 g.  Record this weight in your data table.

2.
Weigh the small can to the nearest 0.01 g and record its weight.

3.
Fill the coffee can one-fourth to one-third full of water and weigh it again to the nearest 0.01 g.  Also slip the glass rod through the holes and place the thermometer in the water and take the temperature of the water to the nearest 0.1oC.

4.
Stand the candle on the small piece of cardboard and light it. Quickly, but carefully place the large open can around the burning candle and then suspend the small can directly over the candle.  The glass rod will overlap the outer can and hold the inner can in place.

5.
Heat the water, stirring gently until the temperature rises 10 - 15oC above the initial temperature.  Record the highest temperature reached to the nearest.0.1 o.

 6.
Weigh the candle after burning to the nearest 0.01 gram.

Data

	MASS OF CANDLE BEFORE BURNING (G)
	

	MASS OF EMPTY COFFEE CAN (G)
	

	MASS OF COFFEE CAN AND WATER (G)
	

	INITIAL TEMPERATURE OF WATER (C)
	

	FINAL TEMPERATURE OF WATER (C)
	

	MASS OF CANDLE AFTER BURNING (G)
	


Calculations

1. Calculate the mass of the candle burned.

2.  Calculate the mass of water in the coffee  can.

3.  Calculate the temperature change of the water.

4.  Calculate the calories of heat absorbed by the water?  (Where did this heat come from?)

5.  Calculate the heat of combustion of candle wax in calories per gram of wax.

Analysis

Write a conclusion

Lab: HOW MUCH ENERGY IN A NUT

Introduction

In this activity you will determine the amount of energy stored in a nut.  Water will

act as the heat sink and therefore the calorie as a measure of heat will be used.

MATERIALS

balance

an empty soft drink can (aluminum)

graduated cylinder
a thermometer

a paper clip

matches

a pecan half

a large clamp and ring stand

Procedure

1.
Mass a pecan half on the balance to the nearest 0.01 g and record the mass in your data table.

2.
Fashion a stand from the paper clip and impale the nut on one end ofthe paper clip.

3.
Measure 100 mL of water in a graduated cylinder and pour it into the soft drink can.  

4.
Clamp the soft drink can to a ring stand and suspend the can about an inch above the nut. (SEE DIAGRAM BELOW) Place a thermometer in the soft drink can and take the initial temperature of the water in the can and record it in your data table.

5.
Now light the nut.  It may take a little trying to start burning, but it will ignite.  Stir the water in the can slowly as long as the nut burns.  When the nut has finished burning, take the final temperature of the water inside the can  and record it in your data table. Be sure to suspend the thermometer in the water and do not let it touch the metal bottom of the can.

6.
Now calculate the heat per gram of nut. 

Data

	MASS OF NUT (G)
	

	VOLUME OF WATER (ML)
	

	INITIAL TEMPERATURE OF THE WATER (C)
	

	FINAL TEMPERATURE OF THE WATER (C)
	


Lab: HEAT OF FUSION

Introduction

The quantity of heat necessary to  melt ice is called the HEAT OF FUSION.  In this experiment,

the heat of fusion of ice will be determined by adding an ice cube to a Styrofoam cup full of  warm water

(the calorimeter) and allowing the ice to absorb heat from water in the calorimeter in order to melt.

The quantity of heat absorbed from the warm water can be calculated and from this the heat of fusion

can be determined.

MATERIALS

Styrofoam cup

thermometer

ice cube

Procedure

1.
 Mass  the Styrofoam  cup.  Record the mass.

2.
Fill the cup 3/4 full with 30 - 35 oC water.

3.
Mass the cup and  the water.  Record the mass.

4.
Measure and record the temperature of the


water.

5.
Place the ice cube in the cup.  Mass the cup, water and ice cube.  Record this mass.

6.
Stir the water with the thermometer until all the ice has melted.  Record the final temperature.

Data

	mass of empty Styrofoam cup  (g)
	

	mass of cup and water    (g)
	

	massof cup, water and ice   (g)
	

	initial temperature of water
	

	final temperature of water
	

	heat capacity of water
	1 cal/g deg


Calculations

1.
Calculate the mass of warm water in the cup.

2.
Calculate the temperature change of the warm water.

3.
Calculate the mass of the ice cube.

4.
What is the change in temperature of the water created by the melted ice.

5.
Calculate the HEAT OF FUSION for water in calories per gram.

6.
Calculate the MOLAR HEAT OF FUSION. ((Hf)))

7.  Calculate the percent error.  The accepted value is 1440 cal/mole.

1.
The density of water is 1g/1mL.  Therefore, calculate the mass of water used in this experiment.

2.
 Calculate the temperature change of the water.

3.
Calculate the heat absorbed by the water in the soft drink can.

4.
From where did all this heat come?

5.
Calculate the heat per gram of nut burned.

6.
Did you see this energy while the nut was sitting on the desk?  Where was the energy?

Analysis

WRITE A CONCLUSION

Lab:  MELTING POINT DETERMINATION

Introduction

Every substance has its own unique melting point.  The purpose of this lab is to determine the

melting point of a pure substance.  This will be accomplished by first placing the pure substance in

a test tube, placing the test tube in a warm water bath, and melting it.  After the pure substance is melted,

a thermometer will be placed in the melted material, the heat will be removed, and the temperature of the

pure substance will be recorded every 30 seconds until the pure material solidifies.  After the material is

completely solidified, continue taking the temperature for 5 more minutes at 30 second intervals..
MATERIALS:


test tube with pure substance


beaker


ring stand


clamp


2 thermometers


data table for time (sec) and temperature (oC) readings

Procedure


1.
Obtain a pure substance from your teacher.

2.
Immerse the test tube in a water bath 

3.  Heat the water until the water is hot enough and all the solid in the test tube is completely melted.

 
Make sure there is no solid remaining.

4.
Turn the heat off, and insert a thermometer in the melted material and a thermometer in the water bath.

5.
Record the temperatures of the water and the molten liquid every 30 seconds until the pure material has solidified.  Continue taking temperatures every 30 seconds for 5 minutes after the material is completely solidified.

Data

	time (sec)
	temp (C) water
	temp(c) pure substance

	
	
	

	
	
	


Calculations

1.  
Plot a graph of  temperature versus time (seconds) for the water and for the pure solid  Plot 2 lines on the 
same set of axes.

Write a conclusion

Heat Curve
Problem Set






Name:__________________

Consider the following data for an unknown substance, X, before solving the problems:

Molar Mass

Melting Point
    Boiling Point       Cp (liquid)
Cp (solid)

120 g/ m


      30(C

80(C

2 cal/g.deg
  15 cal/g.deg

Cp (gas)


  (Hf (fusion)

(Hv(vaporization)
5 cal/g.deg

  500 cal/m

2000 cal/m

1. How much heat is needed to take 60 g of X from 50(C to 85(C?

2. How much heat must be added to 30 g of X in order to heat it from 20(C to 80(C (gas)?

3. How much heat must be removed to cool 120 g of X from 100(C to 30(C (solid)?

4. How much heat must be added to warm 60 g of X from 30(C (solid) to 80(C(liquid)?

5. How much heat must be added to heat 120 g of X from 10(C to 85(C?

6. How much heat must be removed to cool 120 g of X from 85(C to 10(C?

SAMPLE QUIZ




Name:__________________

Heat Capacity and Heat Curves

1. A sample of carbon dioxide weighs 88 g.  2500 calories are added to the sample.  The observed temperature change is 25(C.  What is the heat capacity of the carbon dioxide?

2. The heat capacity of sulfur dioxide is 7 cal/g.deg.  If 32 g of sulfur dioxide are cooled from 75(C to 25(C, how much heat is evolved?  (SO2 = 64 g/m).

3. Consider the following information regarding a unknown substance:

Molar Mass
Melting Point
  Boiling Point
      Cp (solid)
    Cp (liquid)

   100

     10(C

90(C
       10 cal

8cal






       g/deg

g.deg

Cp(gas)

Hf(fusion)

Hv(vaporization)

2 cal


1000 cal

1500 cal
g.deg


   m


   m

a. If 50 g of X are heated from 35(C to 90(C (liquid), how much heat would be required? 

b. If 50 g are cooled from 65(C to –5(C, how much heat must be removed?

      c.    If 100 g are heated from 10(C(solid) to 110(C, how much heat would be needed?
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