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.

