



Exploration Guide: Boyle's Law and Charles' Law (FB Adjusted)
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Have you ever heard of a cold-air balloon? Of course not! It's called a hot-air balloon because it will float only when the gas inside it is heated. The heat causes the volume of the gas inside to increase, forcing some gas molecules out of the balloon. As a result, the balloon is less dense than the air surrounding it, so the balloon floats. 

Every aerosol can is labeled with the stern warning, "Do Not Incinerate!" This warning should be taken seriously. Incinerating, or burning, an aerosol can would heat the gas inside the can dramatically. With increased temperature and constant volume inside the can, the pressure would increase. This could cause a dangerous explosion. 

Both of these situations have to do with how the temperature, pressure, and volume of a gas are related. These interrelationships were first explored by Robert Boyle and Jacques Charles. 

Boyle's Law

In this activity, you will explore Boyle's Law
In the Gizmo™, be sure the BOYLE'S LAW tab is selected. The container in the Gizmo holds 0.1 mole of an ideal gas. The pressure, volume and temperature of the gas are displayed at the lower right. The container has a lid, and the weight of the lid contributes to the pressure on the gas. Set the temperature to 300 K and click OK. (To set a slider to a specific value, type the number in the field to the right of the slider, and then hit Enter.) 

1. What is the pressure of the gas? What is its volume? 

2. Slowly increase the mass resting on top of the container by dragging the Select mass slider to the right. What happens to the volume of the gas as you do? 

3. Reduce the mass by dragging the slider to the left. What effect does this have on the volume of the gas? 

2. With the temperature still set to 300 K and with the DESCRIPTION pane displayed, remove all of the blocks from atop the container. You can do this using the slider or simply by dragging off the individual blocks. 

1. What is the mass of the lid alone, with no blocks on top of it? (See the DESCRIPTION pane.) Click the TABLE tab to display a data table. Click Record to add current information about the gas to the table. What is the pressure of the gas? What is its volume? 

2. Place two blocks (5 kg each) on top of the lid of the container. What is the total mass of the lid and the blocks now? 

3. Click Record. How does the current pressure compare to the original pressure when no additional masses were on top of the lid? How does the current volume compare to the original? 

4. What is the product of the pressure and volume of the gas with no blocks on the lid? What is the product of the pressure and volume with two blocks on the lid? How do your answers compare? 
5. According to this law, are pressure and volume directly related 
6. What would the total mass of the lid and blocks on top of the container be if there were a total of six blocks on the lid? How does this compare with the mass of the lid plus two blocks? What do you think the pressure of the gas will be with six blocks on the lid? The volume? 

3. Click Reset ([image: image4.png]


). Set the temperature of the gas to a higher value and click OK. Click GRAPH to see a graph of pressure vs. volume. 

1. With no blocks on the lid, what are the volume and pressure of the gas? Click Record to plot this point on the graph. Add one block to the lid. Click Record. Continue adding blocks to the lid, one at a time. Click Record each time you add a block. Add all blocks and copy the graph to Word.  Also paste the table into Word.
2. Click TABLE. What is the product of the pressure and volume for each point at the temperature you chose? Use this information to write an equation expressing the relationship between pressure (P) and volume (V). 

3. How do you think the pressure vs. volume graph would look for this gas at a colder temperature? Make a hypothesis. Then use the Gizmo to check your answer. 

4. What specifically is held constant during the exploration of Boyle’s Law?
5. Using any graphing tool plot the 1/Volume vs Pressure.  Explain the graphical results.
Exploring Charles' Law

In this activity, you will examine Charles' Law, which relates the temperature and the volume of an ideal gas under constant pressure. 

1. In the Gizmo, click on the CHARLES' LAW tab. Set the mass to 5 kg and click OK. Display the DESCRIPTION pane. 

1. Slowly increase the temperature of the gas by dragging the Select temperature slider to the right. What happens to the gas as you do? 

2. Reduce the temperature by dragging the slider to the left. What effect does this have on the gas? 

2. With the mass still set to 5 kg, set the temperature of the gas to 100 K. 

1. What is the pressure of the gas? What is its volume? Click the TABLE tab and click Record. 

2. Increase the temperature of the gas to 200 K. What is the volume of the gas now? What is the pressure? Explain why the pressure of the gas is unchanged from the previous setup. 

3. Click Record. How do the temperature and the volume compare with those in the preceding configuration? 

4. According to this law, are pressure and volume directly related and state Charles’ Law.  Also give an equation which represents Charles’ Law. 

5. Calculate what the volume of the gas would be if the temperature of the gas were 400. K. 

3. Click Reset. Set the mass resting on top of the lid to any value you like and click OK. Click the GRAPH tab to see a graph of volume vs. temperature. 

1. Set the temperature of the gas to 50 K. Click Record. Increase the temperature of the gas by increments of 20K and Click Record each time Continue increasing the temperature by increments of 20 K. Click Record each time you change the temperature. Copy the graph and Table into Word when you are done. [image: image5.png]
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2. Calculate the value of k for all data points collected.  How do they relate?
3. What specifically is constant in this exploration of Charles’ Law

4. At what temperature would the volume of the gas theoretically be zero. 

5. Using any graphical tool plot Volume vs Centigrade temperature.  Extrapolate your results to determine the Centigrade temperature when the volume is zero.

Exploration Report should be done in Word and include all answers to questions in order they are asked and both graphs and tables.[image: image7.png]
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