Teacher’s Guide – The Ideal Situation


Name:___________________________________
Date:________________  Hour:_________

The Ideal Situation
INTRODUCTION
It’s all around us, yet we rarely see it.  It’s crucial to life, but we rarely think about it.  We use it everywhere, but seldom pay attention to it.  Gases come in a huge variety and are used in thousands of applications, but how do we know how they behave without seeing them?  Let’s investigate and see if we notice any trends.  
EXPLORATION
Materials:
Each of the following is needed per person/group:

· Computer with internet access

Procedures:

It is recommended that you allow the students an opportunity to try out the application before proceeding with the procedures.  This allows them to familiarize themselves with the controls, and become comfortable using the interface.  Once they are ready, they can simply press the reset button and begin collecting data.  
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1. Go to the following website:  http://intro.chem.okstate.edu/1314F00/Laboratory/GLP.htm  The program should open and run automatically.  

2. Observe the window at left with the molecules moving throughout and record your observations below.  Are the molecules all moving at the same speed?  What happens when they impact the sides of the container?  What happens when the molecules impact each other?
The molecules do not move at the same speed (can be seen in the distribution).  When the molecules impact the sides of the container, they rebound at nearly the same speed.  When the molecules impact each other, they usually change speed.
3. Adjust the temperature (T (K)) using the slider in the upper right.  What happens to the speed of the molecules in the container?
Increasing the temperature increases the speed of the molecules.
4. Select the button next to the temperature slider, then press the button to enable tracking.  Adjust the pressure, and observe the molecule being tracked.  What happens to the number of impacts on the side of the container?

Increasing the pressure increases the number of container impacts per unit time.
5. Select the button next to the pressure (P (atm)) slider.  Adjust the temperature several times, and record the data values along with pressure in the table below.  Be sure to use the entire possible range of values.  Also, observe the window on left with the molecules.  How does the container change?  How does the molecule behavior change?  
Sample Data:
	Temperature (K)
	Pressure (atm)
	Observations

	25
	0.09
	Overall, the speed of the molecules should

	87
	0.32
	Increase with increase in temperature.

	166
	0.61
	The number of container impacts should also

	287.2
	1.05
	Increase.  The container size will not change.

	360.5
	1.32
	


6. Select the button next to the temperature slider.  Adjust the volume several times, and record those values along with temperature in the table below.  Be sure to use the entire possible range of values.  Also, observe the window on left with the molecules.  How does the container change?  How does the molecule behavior change?  
Sample data:
	Temperature (K)
	Volume (L)
	Observations

	399.84
	24.84
	As volume decreases, the size of the container

	291.85
	18.13
	Decreases.  The speed of the molecules should also

	226.19
	14.05
	Decrease.  The number of container impacts 

	99.53
	6.18
	Should remain constant.

	25.00
	1.55
	


7. Select the button next to the volume slider.  Adjust the temperature to approximately 350 K, then adjust the pressure several times.  Record the pressure and volume values in the table below.  Be sure to use the entire possible range of values.  Also, observe the window on left with the molecules.  How does the container change?  How does the molecule behavior change?  
	Pressure (atm)
	Volume (L)
	Observations

	0.72
	40.00
	As the pressure is increased, the size of the

	1.11
	25.94
	Container will decrease.  The number of container

	2.61
	11.03
	Impacts will increase.  The speed of the molecules

	4.41
	6.53
	Will remain constant.

	10.61
	2.71
	


8. Return the pressure value to approximately 1 atm.  Adjust the temperature to approximately 150 K, then adjust the pressure several times similar to the previous step.  Record the pressure and volume values in the table below.  Be sure to use the entire range of possible values.  Also, observe the window on left with the molecules.  How does the container change?  How does the molecule behavior change?
	Pressure (atm)
	Volume (L)
	Observations

	0.31
	40.00
	The trends will be the same as the previous set

	1.10
	11.22
	Of data.

	2.00
	6.17
	

	3.30
	3.74
	

	5.30
	2.33
	


CONCEPT DEVELOPMENT
1. Refer to your answers in questions 3 and 4 of the procedure.  Based on your observations, how does molecular speed affect temperature?  

An increase in molecular speed results in a higher temperature (note:  the data collected infers that temperature controls molecular speed, but in fact absolute temperature scales are based on molecular speed).  
2. Based on your observations, how does the number of container impacts affect pressure?

An increase in container impacts results in a higher pressure.  
3. Plot the pressure versus temperature data in the graph below.  Connect the data points with a line.  
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4. What type of relationship is exhibited?  If possible, write out the algebraic form of the equation.  

The relationship is a positive linear relationship, where pressure increases when temperature increases.  The line is of the equation P = kT, where P and T are pressure and temperature respectively, and k is a constant (equaling nR/V, where n is the number of moles,  R is the universal gas constant, and V is the volume).
5. How are temperature and pressure of a gas related?

Pressure is proportional to temperature.
6. Plot the temperature versus volume data in the graph below.  Connect the data points with a line.  
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7. What type of relationship is exhibited?  If possible, write out the algebraic form of the equation.  

It is a positive linear relationship, where temperature increases when volume increases.  The line is of the equation T = kV, where V and T are volume and temperature respectively, and k is a constant (equaling nR/P, where n is the number of moles, R is the universal gas constant, and P is the pressure).
8. How are temperature and volume of a gas related?

Temperature is proportional to volume.
9. Plot the first set of pressure versus volume data in the graph below  Connect the data points with a line.  

[image: image4.png]350K
150K

—T
- T

45

\ ’
\\Q\\I||I
t
o un w o »w o un
S = & ] 4 3

(ue) aunssaid

12

10

Volume (L)





10. What type of relationship is exhibited?  If possible, write out the algebraic form of the equation.  

The relationship is an inverse relationship, where pressure decreases when volume increases.  The relationship is of the equation P = k/V, where P and V are pressure and volume respectively, and k is a constant (equaling nRT, where n is the number of moles, R is the universal gas constant, and T is the temperature).  
11. How are pressure and volume of a gas related?

Pressure is inversely proportional to volume.  (note:  you may further demonstrate this by having the students plot pressure versus 1/volume.  That relationship should be linear)
12. Plot the second set of pressure versus volume data on the same chart, using a different color or line pattern.  How does the second set of data vary from the first?  
The curve corresponding to 150 K is lower and to the left of the curve for 350 K.  The difference is because of the temperature change.  
13. Calculate the quantity P*V/T for all 10 points.  Does the value change?  Considering the last question, how can we relate all 3 variables (pressure, temperature and volume)?  

Using the sample data, all points calculate a PV/T value approximately 0.082.  This value corresponds to the quantity nR, where n is the number of moles and R is the universal gas constant.  For this sample data, the number of moles is 1, which shows that R is 0.082 atm*L/mol*K.  
For a closed system (where no mass enters or leaves) you can determine unknown properties (P, V and T) by knowing some of the properties.  
CONCEPT APPLICATION
1. Using the data collected for temperature versus volume, predict what the temperature would be for a container of helium that has a volume of 60 L?

From Sample Data:  966 K
2. Using the data collected for temperature versus pressure, predict what the pressure would be for a container of helium that has a temperature of 0 K (hint: this is absolute zero).  

0 atm, or a complete vacuum
3. Using the data collected for pressure versus volume, what is the volume of the container of helium when the temperature is 350 K and the pressure is 2 atm?

From Sample Data: 16 L
4. Consider a basketball left in a car during a cold night.  If the ball is filled with air at room temperature, what do you expect to happen to the ball’s volume?

It will decrease.
5. Flying on an airplane you may have noticed that snack bags usually appear more inflated.  What explains this phenomenon?

The pressure in the cabin is lower than usual, which in turn increases the volume.  
6. If the pressure of the container is cut in half, and the temperature is held constant, what will happen to the volume?
The volume should double.  
BONUS QUESTION:  Diesel engines do not have spark plugs like traditional gasoline engines; the fuel auto-ignites when it reaches a certain temperature, usually around 500 K.  Air is brought into the combustion chamber from the atmosphere at approximately 300 K and 1 atm of pressure.  The chamber compresses to 1/20th of the original volume, where the fuel is injected and burned.  What is the pressure in the container just before the fuel is added?
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