Exploration Guide: Diffusion
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While enjoying your favorite TV show, you catch a whiff of freshly popped popcorn coming from the kitchen. When you step outside you can smell the fragrance of freshly mown grass from somewhere in the neighborhood. Later in the evening, you open a bottle of shampoo and smell its clean scent. Everyday events such as these are all examples of diffusion. 

Diffusion is the movement of molecules from areas of higher concentration to areas of lower concentration until the molecules are spread evenly throughout the entire area. Once the molecules are spread fairly evenly, that is called equilibrium. 

For example, the popcorn "scent molecules" are highly concentrated inside the package while it is being popped. When the package is opened, the molecules diffuse throughout the room. Eventually, once it reaches equilibrium, you can smell the popcorn from anyplace in the house! 

How Particles Move

In this activity, you will examine the movement of particles around a barrier, from an area of high concentration to an area of low concentration, as the system moves toward equilibrium. 

1. In the Gizmotm, be sure the Wall is to 50%, x in A is set to 50, y in B is set to 0, Temp. is 300K, and the Particle mass is set to 15amu (atomic mass units). The DESCRIPTION tab should be visible. Click Play. 

a. Observe the motion of the particles. How does the distribution of particles change as the simulation runs? 

b. Look at the Current conditions chart on the DESCRIPTION tab. How do the numbers in the table indicate that the particles have become more evenly spread out in regions A and B? 

c. Approximately much time does it take for the particles to become spread fairly evenly (to reach equilibrium)? 

d. Click on the BAR CHART tab. Check Show numerical values. Observe the bars as the simulation runs. As the system reaches equilibrium, what is true of the x in A and x in B bars? 

e. Notice that, even when the particles are well spread-out (when the system is in equilibrium), x in A and x in B do not remain exactly at 25 and 25. Explain why. 

f. Click on the GRAPH tab. At what percent does the graph seem to level off? 
g. Does the graph ever become perfectly straight? 
h. Explain why or why not. 

2. Click Reset (
a. Set the Wall to 75% (To quickly set a slider to a specific value, type the number in the field to the right of the slider and hit Enter.) Click Play ([image: image1.png]


). About how much time does it take for the simulation to reach equilibrium? 

b. Click Reset. Set the Wall to 25% and perform a similar experiment. How long did it take to reach equilibrium in this case? 

c. How does the wall height seem to affect the time to reach equilibrium? 

d. After making your observations in this activity, explain how you think room fresheners work. 
3. Click Reset. Set the Wall back to 50%. Set y in B to 50. Make sure that y in A is still set to 50, Temp. is 300K, and the Particle mass is set to 15amu. Click the BAR CHART tab. Check Show numerical values. 

a. The Gizmo now has two types of particles with two different colors. What color are the x particles? 
b. What color are the y particles? 

c. Do you think it will take more or less time for the system to reach equilibrium in this simulation?
d.  Explain your answer. 

e. Click Play. How much time did it actually take to reach equilibrium? 
f. How does that compare to the time it took in your first experiment, with no y particles? 

g. Describe what equilibrium is for a system, like this one, that has two different types of particles. 

h. If you click on the GRAPH tab, will the lines be straight? 
i. Explain your answer. 

j. Click on the GRAPH tab to check your answer. Describe what you observe. 

4. Why do you think that the amount of time to reach equilibrium varies, even when all the initial conditions are the same? 

The Effect of Temperature on the Rate of Diffusion

In this activity, you will observe how changes in temperature affect the rate at which the particles diffuse from areas of higher concentration to areas of lower concentration. 

1. Set the Gizmo to the following: Wall at 50%, x in A at 50, y in Bat 0, Particle mass at 15amu. 

a. Set the Temperature to 273K (freezing point of water). Click Play. Record the approximate amount of time it takes for the particles to reach equilibrium. 

b. Click Reset and repeat the experiment two more times at 273K. Did the approximate amount of time to reach equilibrium vary?
c.  Explain why. 

d. From your three trials, find the average time to reach equilibrium at 273K. 

e. Click Reset. Set the Temperature to 373K (boiling point of water). Run the simulation three times at this temperature. What did you find as the average time to reach equilibrium at 373K? 

f. Did equilibrium occur more quickly at 273K or 373K? 
g. Why do you think this is the case? (Hint: Compare how the particles move at the two temperatures.) 

h. How do you think the particles would behave if the temperature were dropped to 0 K (absolute zero)? (Note: This setting is not possible in the Gizmo.) 

2. During exercise, your body temperature is elevated slightly. How do you think that affects the rate of diffusion for oxygen and carbon dioxide in the lungs and bloodstream? 

The Effect of Particle Mass on the Rate of Diffusion

In this activity, you will observe how particle mass affects the rate of diffusion. 

1. Set the Gizmo to the following settings for the experiments below: Wall: 50%, x in A: 50, y in B: 50, Temp.: 300K. 

a. Set the Particle Mass to 15amu. Click Play. Using any of the tabs on the right, observe the simulation until it reaches equilibrium, and then click Pause ([image: image2.png]


). How long did it take to reach equilibrium? 

b. Click Reset. Set the Particle Mass to 10amu. Click Play. When the system has reached equilibrium, click Pause. How long did it take to reach equilibrium? 

c. When the particles have less mass (10amu vs. 15amu), how does their speed change? 

d. How does the time to reach equilibrium change with the smaller particles? 

2. Click Reset. Set the Particle Mass to 20amu. 

a. Predict: How will this change affect the rate of diffusion? 

b. Click Play. Observe the simulation until it has equalized. Click Pause. How long did it take to reach equilibrium? 

c. Did the higher mass particles behave the way you predicted? Explain. 

3. Which has more effect on the rate of diffusion, particle mass or temperature? Explain. 

