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Atomic Microscope

Simulating Atomic Behavior on the Computer:

Physical Behavior of Gases

Chemists characterize changes in matter as either physical or chemical.  Most people have extensive experience in physical changes (also called “changes of state”):  ice melting is an example of a solid changing to a liquid; boiling water is an example of a liquid changing into a gas.  These changes are called “physical changes” because new compounds are not formed; that is, freezing and then melting water produces no new compounds.  In contrast, chemical changes involve the transformation of compounds, in which reactant compounds are consumed and new product compounds are formed.  For example, the changes involved in the interaction of liquid water and sodium metal are chemical because new compounds are formed as a result of the change:  in this case, water is changed into hydrogen gas and hydroxide ions, and sodium atoms into sodium ions.


In the series of “computer experiments” below, you will explore what is changing on the “atomic scale” during physical changes. The goal of the lab is to provide you with a picture of how atoms behave, and how physical changes observed in the world are explained using atomic scale models.  It is hoped that the experience helps you develop a picture of physical and chemical changes.  You are then asked to apply your improved understanding to predict how the atoms would respond in new situations.

The computer simulation (“Atomic Microscope”) applies current models of how atoms behave in a pictorial way.  That is, the program does not just show a bunch of balls bouncing around – the relationships that you will be exploring are based on science’s best understanding of matter to date.  As with all simulations, there are places where the simulation fails due to limitations.

I.
Introduction to Atomic Microscope

Experiment Group
Freeplay

Experiment Title
--(Large Population)

Running the program

To run the program from a PC (running Windows XP Professional) - go to:

Start/All programs/Departmental/Chemistry/Atomic Microscope

Start by running a 2D version of the program (we examine 3D views later).  What each icon does can be seen by placing (not clicking) the cursor over a control; its name/function appears in the menu bar at the upper right.  For example, when the cursor is placed over the blue/white/red slider, the program tells you that this controls temperature.

A)
Program Control - The four icons at the upper left are Home (main screen), Controls, Information, and Services.  We will toggle back and forth between Home and Controls, and occasionally select a saved state found in Information for a given experiment.  The ESC key will exit the program at any point.

B)
Experiment Controls – Looking at experiment controls (the icons at the lower right) the top row of icons (from left to right) are Interatomic Potential, Classical Notation, Clear Experiment (or Reset), and Save States 1-3.   The blue/white/red slider below the first row of icons controls the temperature.  The next row of icons control number and type of atoms in the box.  The bottom two controls are a Pause button and a Time Periods per Update slider.

1]
Experiment Controls:  Atoms - The program will let you add up to 250 He, Ne, Ar, or Kr atoms to the “volume”.  Start by adding 25 Kr atoms:  double-click the number 0  below the Kr atom and type in 25 or just click and hold the up arrow for Kr.  What does Classical Notation do?  If you got the program to an especially interesting state, you could save the entire experiment as a Saved State, but we won’t need to do this.

Wait for the atoms to distribute throughout the volume, click (turn on) Interatomic Potentials and explore what happens as you lower the temperature to its coldest. 


Return to the Main screen (click the Home icon) and choose the “3D” Experiment from the “Freeplay” Experiment Group.  Add 100 Kr atoms and turn on Interatomic Potentials.  Observe again how the atoms behave as you adjust the temperature.

2]
Experiment Controls:  Program Speed - The Pause button on the bottom row can be used to stop the program and observe atom distribution, but you can also change settings (temperature, atom number or type, program speed, etc.) while the program is paused; changes take effect immediately when you resume.  We will make use of this feature throughout the lab.

The bottom slider essentially controls program speed, but it sometimes appears that it is controlling temperature.  Specifically, the program calculates what happens to each atom during an incremental “time step”, but doesn’t necessarily display the change after every step.  You can control how many time steps the program calculates between display updates using the bottom slider.  Try pushing the slider to the right.  Notice that the atoms move faster, just as if you increased the temperature.  It’s important to understand that the temperature has not increased; the bottom slider only controls how often atom positions on the screen are redisplayed or updated.

To illustrate the difference, try the following:  clear the display, push the temperature slider to its coldest and add 100 Kr atoms.  Notice that the atoms barely move away from the edge of the box.  Push the speed slider to its fastest - the atoms are now moving faster not because the temperature was increased, but because the program is running faster.

Now turn on Interatomic Potentials, adjust the program speed and temperature until the atoms coalesce into two or three clusters, then lower the temperature to its coldest.  Adjust the speed slider throughout its entire range - notice that the cluster does not come apart.  Next set the speed to ~1/2 and increase the temperature into the white zone.  Notice that changes in temperature lead to new behavior (the cluster comes apart), not just faster atom motion, because temperature affects how the atoms move; the program speed does not.

In the following section, you are asked to make observations about gaseous atoms using the simulation, record relevant data, suggest explanations for the observed behavior (that is, come up with a story to explain what is happening), and in some cases propose a test that could be done to help determine if your explanation “works”.

Although you may not realize it, the above paragraph is a description of how all science is done. 

II.
Gases - The Basics

Experiment Group
Freeplay

Experiment Title
--(Large Population)

A)
Effect of Temperature - Clear the Freeplay experiment, and add 25-50 atoms of one or more elements.  For this part it won’t matter what atom number or type that you select.  Explore what happens in the following cases, recording your observations:

II.A.1)  What happens to the atom motion when the temperature is varied? Explain how the results depend on atom type.

The light grey rectangle around the outside of the atom region can be resized by clicking and dragging on the box, changing the volume. At the start, the volume is as large as it can get.  Note that sometimes an atom appears to wander outside the box once the volume is reduced - this is a simulation error.

II.A.2)  What happens to atom motion when the volume is decreased?

Based on your results, complete the following statement:

II.A.3)  At the atomic scale, temperature is directly related to _____________________

B)
Atom motion, one element - Clear the experiment and add 10 Kr atoms.  Pause the program.  Single click on one of the atoms - the atom will turn yellow (if you double click on the atom, you delete it).  Resume the program.  You might speed up the program (speed, not temperature) for a bit to let the atoms bounce around, then slow it back down.

Let the simulation run but don’t change any of the settings.  Note the speed at which the yellow atom moves.  Is it constant?  If not, what causes it to change speed?  Then change the temperature when the yellow atom is not colliding with the walls or another atom and note changes in atom speed.  Remember that the yellow atom is just like the rest of the Kr atoms in the box – it’s just colored yellow so that we can follow it more readily.

II.B.1)  Based on the “yellow atom” experiment, does an atom’s speed change if the temperature is kept constant?  Explain.

II.B.2)  How does temperature affect atom speed?
II.B.3)  Look at your answer to II.A.3) above.  Modify your answer if needed:

At the atomic scale, temperature is directly related to ___________________________

II.B.4)  Predict what would be different if we repeated the above observations with a lighter element (say, Ne).  Explain your thinking.
C)
Atom motion, different elements - Now add 10 Ne atoms (don’t clear the display first; if you did, set up the simulation with 10 Kr and 10 Ne atoms), increase the program speed for a bit to let the Ne and Kr atoms “mix”, then slow the program down again.

II.C.1)  How does the speed of the Ne atoms compare with that of the Kr atoms?  Explain.

II.C.2)  Develop an explanation about why atom speed depends on atom identity.  Can you think of a way to test your theory (using the program)? If so, write your idea below, then perform the test, and record your observations.  Do the data support your theory?
III.
Gases - The “Gas Laws”

In this section, you will explore atomic scale models that explain how temperature, pressure, volume, and number of atoms are related for a gas.

A)
Expectations   Before running the simulation, write down some “common sense” answers to the following questions, based on your experience with gases:

1)
If you add more gas to a container that already holds some gas, what happens to the pressure inside the container if the volume can’t change?  (For example, if you try to inflate an already filled tire, what happens to the pressure inside)?

2)  If a container holds some gas, what happens to the pressure if the volume decreases?  (For example, if you have a balloon filled with air and crush it, what happens to the pressure?)

3)  If you heat a fixed amount of gas, what happens to the pressure if the volume is kept constant?

B)
Simulations - 

Note about graphs:  the experiments below plot pressure vs. another variable (temperature, volume, etc.)  You can clear the graph at any time by pointing the mouse to the lower right corner of the graph.  A “Clear” icon will appear - clicking it will clear the entire graph; the graph will immediately start calculating the data point again.

1)
Pressure’s Dependence on the Number of Atoms

Experiment Group 
3D


Experiment Title 
Pressure Number of Atoms

Choose one atom type and add atoms slowly over time and observe what happens to the pressure as the number of atoms increases.

Note:  the simulation needs some time to correctly determine the pressure.  The best way to do this experiment is to pause the program, increase the atom number all at once (e.g., highlight the 0 below the He atom type and change it to 5), and then resume the program.  As the program runs, the data point on the graph will change from grey to black.  Speeding up the program will make the display look “jumpy” but will let you create the plot faster.

III.B.1)  How does pressure change as the number of atoms increase?

Clear the display and choose a different type of atom.  Repeat the plot.

III.B.2)  What effect do different atom types have on the trend?

Explore what happens if you add 5 He atoms, then 5 Ar atoms, then 5 more He atoms, etc.

III.B.3)  What effect does a mixture of atom types have on the trend?

Explain the trends that you have observed and review your expectations in III.A.1 above.

III.B.4)  How do your results from the atomic model agree with your experience?
III.B.5)  Conclusion: How is pressure related to the number of atoms? 
C)
Pressure’s Dependence on  Volume

Experiment Group 
3D


Experiment Title
Pressure Volume

Add 12 He atoms and let the program graph the data point.  Then pause the program, decrease the volume a bit, and resume the program.  Continue adjusting the volume down, letting the program graph the results. Note that the program graphs the data two ways:  P vs. V and P vs. 1/V.

III.C.1)  How does Pressure change with Volume?

Clear the display.  Pause the program, and add 3 atoms of each type, and speed up the program to about half.  Repeat the volume vs. pressure plot. 

III.C.2)  What effect does atom type have on the trend?

Review your expectations for part III.A.2) above.

III.C.3) Do your results from the atomic model agree with your experience?

III.C.4)  Conclusion:  How is pressure related to volume?
D)
Pressure’s Dependence on Temperature 


Experiment Group 
3D

Experiment Title
Pressure Temperature

Pause the program at the start, add 40 Ne atoms, set the speed to ~2/3, and resume the program.  Let the data point blacken, pause the program, change the temperature, and resume.  Continue until you have a completed graph.

III.D.1)  How does pressure vary with temperature?
Repeat the P vs. T plot, using 10 of each atom type.

III.D.2)  What effect does atom type have on the trend?

III.D.3)  Based on your results from Part II, you know that atom speed depends on temperature and that smaller atoms move faster.  Can you explain why atom type has no effect on the observed trends?  (We study this further in section IV below).

Review your expectations for part III.A.3) above.

III.D.4) Do your results agree with your experience?
III.D.5)  Conclusion:  How does pressure depend on temperature?
IV.
Gases - Pressure Fluctuations



Experiment Group 
3D Pro



Experiment Title
 Pressure Fluctuations, A

We saw in Part II that temperature is related to the average speed that gas atoms move, and that the lighter the gas atom, the faster its motion.  How pressure relates to atomic motion is not as clear, so we explore it here.

A)
Discrete events
Add 3 Ne atoms.  Pause the simulation and color one yellow.  The top graph shows the instantaneous pressure as a function of time (notice that sometimes the instantaneous pressure is zero).  Slow the simulation down to nearly its slowest.  Watch the atoms and then the graph.

IV.A.1)  What is the atom doing when a spike appears on the graph?

Continue to observe the simulation.  Notice that some spikes are taller than others.  If you watch carefully, you can determine why.

IV.A.2)  What determines the height of the spike on the graph?

Speed up the program to about 2/3rds.  Pause the program, set the number of Ne atoms to 0 and add 3 Ar atoms.  Resume the program briefly and then re-pause.

IV.A.3)  How does atom type affect the height and spacing of the spikes?

Reset the simulation.  Add 20 Ar atoms and speed up the program a bit.  Explore how temperature affects the spikes on the graph.

IV.A.4)  How does temperature influence the graph?

Change the volume and note the effect on the graph.

IV.A.5)  How does the volume affect the graph?

Finally, add another 20 Ar atoms and watch the changes on the graph.

IV.A.6)  How does the number of atoms affect the graph?

B)
Average Effects
We can explore the “average pressure” by speeding up the simulation to its fastest and watching the graph (although the atom motion is too fast to be useful).  Add 30 Ar atoms and speed up the program to its fastest.  The top graph now shows an “average pressure”, but keep in mind that the average pressure is still made up from individual atom collisions with the wall, which is why the graph trace is “noisy”.

Reset the simulation.  Add 20 Ar atoms and increase the program speed a bit.  Explore how temperature affects the average pressure trace.

IV.B.1)  How does temperature influence the graph?

Change the volume and note the effect on the graph.

IV.B.2)  How does the volume affect the graph?

Finally, add another 20 Ar atoms and watch the changes on the graph.

IV.B.3)  How does the number of atoms affect the graph?

To explore how atom type affects average pressure, reset the simulation and add 20 Ne atoms and set the temperature to its maximum.  Pause the program,  add another 20 Ne atoms, and resume.  Note the size of the step in pressure.  Toggle back and forth between 20 and 40 Ne atoms as you adjust volume until you can see a clear step in pressure.

Once adjusted, set the number of Ne atoms to 40 and let the simulation run for a bit.  Pause the program, drop the number of Ne atoms to 20, and add 20 He atoms.  Is there still a step in pressure?

[Sidebar:  If the volume is small enough, “atom volume” becomes a factor in this experiment.  Keeping the volume at ~ 2/3rds of its maximum or higher will minimize this non-ideal effect.  If you wish to explore the effect of atom volume on average pressure, shrink the experiment volume to about 1/2 and repeat the above exercise.  What is different?]

IV.B.4) Does atom type affect average pressure?  Why or why not?

V.
Gases, Recap - Atomic-scale models 

Having explored ideal gases from various perspectives, answer the following questions:

V.1)  How does temperature influence atom motion?
V.2)  Atom motion for different atom types changes because ...

V.3)  What causes “pressure”?

V.4)  Pressure increases with temperature because....

V.5)  Atom type has no effect on pressure because ...

VI.
Condensation



Experiment Group
3D Plus



Experiment Title
Freeplay (3D)
Until now we have treated gases as “ideal gases” - meaning that the atoms don’t occupy any volume, and they have no forces between them.  We now explore one effect of “real” gases - attraction between the atoms.

A)  Add 50 Ne atoms, turn on Interatomic Potentials, speed up the program for a bit then slow it down again.  Now lower the temperature in small increments, watching for changes in behavior as you go.

VI.A.1)  As the atoms are cooled, what happens?

Continue to lower the temperature.  Control the program speed and temperature until you have a single large cluster.  Adjust the temperature slider until it is between the “Classical Notation” and “Interatomic Potential” icons, and set the simulation speed to about 1/2.  Let the simulation run for a while.

VI.A.2)  What do you observe?  What physical state is this?

Notice that occasionally an atom escapes the cluster and is later recaptured.  (If you don’t see this, increase the temperature slightly.)

VI.A.3)  Based on your understanding of atom motion and temperature, explain what is happening in the cluster for an atom to escape.

This effect of an atom escaping from the cluster is called the “vapor pressure” for a liquid.

VI.A.4)  Based on observations from the simulation, does vapor pressure depend on 


temperature?

B)
Influence of atom type - Reset the simulation.  Add 50 Kr atoms, turn on the interatomic potentials, speed up the simulation and wait.

VI.B.1)  Note the temperature (as best you can) at which the atoms cluster.

Reset, add 50 He atoms and repeat the steps above.  Cool the temperature down into the blue zone in steps.

VI.B.2)  Again note the temperature at which the atoms cluster.

VI.B.3)  Why is the temperature at which He atoms different than for Kr atoms?  There are at least two plausible explanations for why the behavior is different for different atoms.  Provide two explanations:


1)


2)

VII.
Effusion



Experiment Group
3D



Experiment Title
Effusion

Introduce 50 He atoms and 50 Ar atoms into the simulation, speed up the program until the atoms are well mixed, slow it down again, and then open a hole in the barrier about twice the size of the He atom.

A)  What do you observe?

B)  Why do the atom distributions change?

C)  Can you think of a use (that is, an industrial application) for this?

Post-Lab for Atomic Microscope

NAME: 










Section: 





1.
(a) At the same temperature, how does the motion of a large atom compare to the motion of a smaller atom?

(b) At constant temperature, is the motion of all gas atoms of the same type identical?


(c) What property of the atoms in a gas increases as the temperature increases?

2)
Using atomic models for a gas, explain what causes gas pressure?

3)
Explain why increasing the volume of the container decreases the pressure of a gas.


4) 
Explain, on the atomic scale, why gas samples condense into liquids when cooled.
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