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Teacher Introduction:

The Simulation - Ideal Gas Law gizmo from ExploreLearning.com
Credit to Jennifer Buffie & Julia Matter for this effort.
This simulation does not specifically address the Ideal Gas Law, rather it addresses two components of the Law, Boyle’s Law and Charles’ Law of gas behaviour. This is done with two separate, yet similar simulations. Thus, this activity serves as an excellent foundation to prepare students to learn the Ideal Gas Law. 

In the Boyle’s Law simulation, users can observe the relationship between pressure and volume of an ideal gas at a fixed temperature. The simulation consists of a sealed container containing gas particles, topped with a movable lid. The temperature is adjustable, but must be fixed before the other variables (lid mass or container volume) may be manipulated. In the activity, students will be applying and removing weights to the lid of the container to lower and raise it, which increases and decreases the volume of the system. The change in volume acts to increase or decrease the pressure of the system. These changes in volume and pressure can immediately be seen on the screen in a numeric display as well as on a bar graph. Users can record changes in volume and pressure in a table for consecutive trials. At the same time, a line graph can be generated to represent the data. 

In the Charles’ Law simulation, users employ the same closed container system to observe the relationship between volume and temperature of an ideal gas at a fixed temperature. In this situation, the mass of the lid is adjustable, but must be fixed before the other variable (temperature) may be manipulated. Users may then change the temperature of the system and observe the corresponding changes in the volume of the container. Again, these results are displayed directly on the screen as well as in tabs displaying a bar graph, data table and line graph.

The Activity
Students will be provided with a detailed worksheet consisting of step-by-step procedures and questions to guide them through the simulations. This worksheet will ensure students can work through the activity independently (although they will be encouraged to work in pairs) and in a logical manner to ensure they understand the concepts addressed. Using the worksheet, students are initially permitted to experiment at will with the systems’ variables. They then move through guided manipulations and record their observations on the worksheet and the data table within the simulation. Finally, they use the data they have collected and generate a graph depicting the relationship between the variables in question. They are then guided to a final statement of the law in question. This is done in two consecutive parts of the activity: first for Boyle’s Law and then for Charles’ Law. At the end of the activity, students return to the objectives laid out at the beginning of the exercise and summarize what they have learned. Review questions complete the activity. If students have successfully mastered the concepts presented in this activity, only a brief formal lesson with note taking should be necessary. Note: we have purposely not addressed the calculations aspect of these two laws in order to provide students with a straightforward, uncomplicated picture of the foundational concepts of the Ideal Gas Law. Calculations would be a next logical step once students have a firm grasp on the relationships between the variables presented (and the applicable equations).

Rationale
A well-constructed simulation such as this is an appropriate educational strategy in this situation because gas laws can be very difficult for students to comprehend. This simulation allows students to actually see the gas particles, which are of course undetectable to the naked eye in a lab situation. Setting up a demonstration or activity in the lab to illustrate these concepts would be very time consuming and complicated for students to set up. In addition, many schools may not have the equipment necessary to study gas behaviour. (Not to mention the fact that these are in actuality only theoretical behaviors because the laws describe a non-existent ideal gas.) It is also advantageous to have the concepts: Boyle’s Law and Charles’ Law paired together, so students can distinguish between them. 

This activity also meets most of the five attributes of meaningful learning discussed by Jonassen (1999) in learning with technology. This activity allows students to actively participate in their learning of the concept. This activity is also very conducive to collaborative and cooperative learning. It is very constructive because students may manipulate the system and variables without first knowing Boyle’s and Charles’ Laws. This activity has been specifically designed for students to learn as they go, building one idea on top of the other. It does allow students to intentionally work towards a specific learning goal, the comprehension of Boyle’s law and Charles’ law. Unfortunately, this simulation is not an authentic in its current state. As such, it would be difficult to draw real world connections. 

Curriculum Applications

C30S-2-04: Describe the various units used to measure pressure.

C30S-2-05: Experiment to develop the relationship between pressure and volume of a gas using visual, numerical and graphical representations.

C30S-2-06: Experiment to develop the relationship between volume and temperature of a gas using visual, numerical and graphical representations.

Boyle’s Law and Charles’ Law Activity
Introduction:
This simulation helps you to help you fully understand 2 Gas Laws: Boyle’s Law and Charles’ Law. These laws are very simple to understand, but are also very important. They can be used to explain many things in the world around you. This activity will help you see the relationships between pressure, volume and temperature of a gas using a computer simulation.
At the end of this activity, you will be able to…
(a) …explain, in your own words, the relationship between the pressure (P) and the volume (V) of a gas at a constant temperature (T) (Boyle’s Law)
(b) …explain at the particle level why this relationship exists.
(c) …explain, with an equation, the relationship between the pressure (P) and the volume (V) of a gas at a constant temperature (T) (Boyle’s Law)

(d) …construct a graph, using data you have generated, showing the relationship between the pressure (P) and the volume (V) of a gas at a constant temperature (T) (Boyle’s Law)
(e) …explain, in your own words, the relationship between the temperature (T) and the volume (V) of a gas at a constant pressure (P) (Charles’ Law)
(f) …explain at the particle level why this relationship exists
(g) …explain, with an equation, the relationship between the temperature (T) and the volume (V) of a gas at a constant pressure (P) (Charles’ Law)

(h) …construct a graph, using data you have generated, showing the relationship between the temperature (T) and the volume (V) of a gas at a constant pressure (P) (Charles’ Law) 
What to do:
1. Together with your partner, follow the directions on the board to get to the simulation on the ExploreLearning website. 
2. Refer to the diagram of the simulation below to help you with the activity. 
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Part A – Boyle’s Law

In this part of the activity, you will investigate the properties of an ideal gas by performing experiments on a container of ideal gas in which the temperature is held constant.

1. Make sure the tab “Boyle’s Law” is selected. You are looking at a closed container containing 0.1 mol of an ideal gas. The amount of gas in this container will never change. This is important in this law. The temperature is set at 273 K (0 C). Click “OK” to keep the system at this temperature.
2. Look in the lower right hand corner of the box. There you will see the current pressure, volume and temperature.
3. Changing the mass of the lid of the container will change the volume of the container. For example, if you make the lid heavier, the lid will go down and the volume of the container will get smaller. Changing the volume of the container will change the pressure of the gas in the container. (Think: if you have the same amount of “air” in the container but you make the container smaller, the pressure inside will go up. Picture yourself squeezing a balloon that has been tied off. This makes the balloon get smaller, but because the amount of air inside stays the same, the pressure inside the balloon goes up.) You can change the mass of the lid by adding or removing weights from on top of the lid in 1 of 3 ways: click and drag green cubes onto the lid, click and drag the blue oval under “Select Mass” or click in the box beside “kg” and enter a value. Take a few minutes to experiment with changing the mass of the lid. (Try to guess what will happen before you actually do it.)
a. What is happening with the lid as you increase the mass on it?

b. What is happening with the particles as you decrease the volume (V)? Keep in mind what these particles are doing in terms of their contact with the walls of the container.
c. What is happening with the pressure (P) as you decrease the volume (V)? Explain at the particle level why this occurs.

d. What is happening with the lid as you decrease the mass on it?

e. What is happening with the particles as you increase the volume (V)? Again, keep in mind what these particles are doing in terms of their contact with the walls of the container.

f. What is happening with the pressure (P) as you increase the volume (V)? Again, explain at the particle level why this occurs.
4. Click on the tab “Bar Graph.” As you continue to experiment with the weights on the lid, what happens to the bars representing…

a. …the temperature (T)?

b. …the volume (V)?


c. …the pressure (P)?

Note: don’t worry so much about the numbers, just watch the relationships between the bars – i.e. the increases and decreases with changes in mass.
5. Click on the tab “Table.” Click the “Reset” button in the bottom left hand corner and then click “OK” beside 273 K. You have once again locked the temperature in at 273 K, because Boyle’s Law depends on a constant temperature.

a. With the mass at 0 kg, click “Record.” Notice what information is recorded in the table.


b. Click and drag 1 green cube (5 kg) onto the lid. Click “Record.”


c. Click and drag 1 more green cube onto the lid. Click “Record.”


d. Continue with this same procedure until all boxes are on the lid.


e. Copy your data table here:

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


6. For each data point, multiply the values for pressure (P) and volume (V). What do you notice about your results?
7. Click on the tab “Graph.” Draw what you see here (don’t forget to label your axes and connect the data points when you are finished):
8. Using your data table and graph, answer the following questions:

a. What was the pressure (P) when the volume (V) was 1.54 m3?


b. What was the pressure (P) when the volume (V) was 0.66 m3?


c. What was the pressure (P) when the volume (V) was 0.46 m3?

d. Based on your answers to a., b. and c. above, fill in the blanks.
Hint: use the words “increase” and “decrease.”


As volume ____________, pressure ____________.
Or, looking at it another way…


As volume ____________, pressure ____________.


e. Now, remember, we have done this all at a fixed temperature, with a constant amount of an ideal gas. So, put it this law together, in your own words.

f. This is called ______________________. 
Hint: what is the name of this activity?
g. Finally, explain at the particle level why this relationship exists.

h. In question 6, you discovered that the product of the pressure (P) and volume (V) was the same each time you changed the volume (V). We can call this a constant. For Boyle’s Law, the actual number for this constant does not really matter. But, it is important to remember that no matter what values for pressure (P) and volume (V) you have, the product will always be the same. Put another way,
____1  x  ____1  =  ____2  x  ____2
where “1” and “2” are referring to two different containers of gas (or two different situations).
Part B – Charles’ Law

In this part of the activity, you will investigate the properties of an ideal gas by performing experiments on a container of ideal gas in which the pressure remains fixed.

1. Make sure the tab “Charles’ Law” is selected. You are looking at a closed container containing 0.1 mol of an ideal gas. The amount of gas in this container will never change. Click “OK” beside the mass bar to keep the mass of the lid constant. Note: even though the mass is constant, the lid is free to move up and down, changing the volume of the container.
2. Change the temperature (T) of the gas in the container. You can do this by either dragging the blue oval under “Select Temperature” or by clicking in the box beside “K” and enter a value. Take a few minutes to experiment with changing the temperature of the system. (Try to guess what will happen before you actually do it.)

a. What is happening with the particles as you increase the temperature (T)?

b. What is happening with the lid as you increase the temperature (T)?

c. What is happening with the volume (V) as you increase the temperature (T)?

d. What is happening with the pressure (P) as you increase the temperature (T)?

e. What is happening with the particles as you decrease the temperature (T)?

f. What is happening with the lid as you decrease the temperature (T)?


g.What is happening with the volume (V) as you decrease the temperature (T)?


h. What is happening with the pressure (P) as you decrease the temperature (T)?

4. Click on the tab “Bar Graph.” As you continue to experiment with the temperature, what happens to the bars representing…

a. …the pressure (P)?


b. …the volume (V)?


c. …the temperature (T)?

Note: don’t worry so much about the numbers, just watch the relationships between the bars – i.e. the increases and decreases with changes in temperature.

5. Click on the tab “Table.” Click the “Reset” button in the bottom left hand corner and then click “OK” beside 0 kg. Remember, the lid is free to move, which will keep the pressure constant as the volume changes.

a. With the temperature (T) at 50 K, click “Record.” 


b. Do the same for 100 K, 160 K, 220 K, 275 K, 335 K, 390 K, 450 K and 500 K.

c. Copy your data table here:

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


6. For each data point, divide the value for volume (V) by the value for temperature (T). What do you notice about your results?

7. Click on the tab “Graph.” Draw what you see here (don’t forget to label your axes and connect the data points when you are finished):

8. Using your data table and graph, answer the following questions:

a. What was the volume (V) when the temperature (T) was 160 K?


b. What was the volume (V) when the temperature (T) was 275 K?

c. What was the volume (V) when the temperature (T) was 450 K?


d. Based on your answers to a., b. and c. above, fill in the blanks.
Hint: use the words “increase” and “decrease.”


As temperature ____________, volume ____________.
Or, looking at it another way…
As temperature ____________, volume ____________.


e. Now, remember, we have done this all at a fixed pressure, with a constant amount of an ideal gas. So, put it all together, in your own words.


f. This is called ____________  ____________.
Hint: what is the name of this activity?
g. Explain at the particle level why these relationships exist.

h. In question 6, you discovered that each time you divided the value for the volume (V) by the value for the temperature (T), the quotient (answer) was the same for each temperature change. We can call this a constant. For Charles’ Law, the actual number for this constant does not really matter. But, it is important to remember that no matter what values for volume (V) and temperature (T) you have, the quotient will always be the same. Put another way,
_____1  =  _____2
1  =            2

Again, “1” and “2” are referring to two different containers of gas (or two different situations).

What have you learned today?
Get together with another pair of students, discuss what you have learned and write in your answers below.
Looking back at the objectives, you can now…

a. …explain, in your own words, the relationship between the pressure (P) and the volume (V) of a gas at a constant temperature (T) (Boyle’s Law)
b. …. with reference to how particles behave explain why this relationship exists.

c. …... explain, with an equation, the relationship between the pressure (P) and the volume (V) of a gas at a constant temperature (T) (Boyle’s Law).
d. ….…. with reference to how particles behave explain why this relationship exists.

e.. …explain, in your own words, the relationship between the temperature (T) and the volume (V) of a gas at a constant pressure (P) (Charles’ Law)

f. …explain, with an equation, the relationship between the temperature (T) and the volume (V) of a gas at a constant pressure (P) (Charles’ Law)

Review Questions
Answer the following questions with your group or as homework if you run out of time.

1. Which of the following graphs correctly represents the relationship between the pressure and the volume of an ideal gas that is held at constant temperature? 


a. Graph A

b. Graph B

c. Graph C

d. Graph D
2. To which law is Question 1 referring?
3. Explain why the graph is shaped as it is.
4. Which of the following graphs correctly represents the relationship between the temperature and the volume of an ideal gas that is held at constant pressure? 


a. Graph A

b. Graph B


c. Graph C

d. Graph D
5. To which law is Question 3 referring?
6. Explain why the graph is shaped as it is.
You’re done!
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