Boyle’s Law

CRYSTAL


Boyle’s Law: Volume-Pressure Relationship of a Confined Gas
Introduction
 
Objectives

· To introduce students to the relationship that exists between pressure and volume of gases, at a constant temperature and with a constant mass.

· By the end of the lesson, students will be able to identify the key terms of pressure (P), volume (V) and gas constant (k), and be able to describe the changes that occur when one or both of the variables are changed.

· Students will also be able to work through various problems using the formula as described by Boyle’s law, PV = k.

Materials List

· Marshmallows (large & small)
· Vacuum pump
· Beaker to hold marshmallows
· Orange, balloon
· Plastic syringe(s)
· Pressure gauge(s)
· Laptop with Internet connection, projector, and screen
Connection with the Manitoba Framework of Outcomes
· C30S-2-05: Experiment to develop the relationship between pressure and volume of a gas using a visual, numerical, and graphical representations

Student Preconceptions
The concept of Boyle’s Law deals with the relationship between pressure and volume of confined gases.  The idea of volume is relatively clear and simple; however, students often have several preconceptions when dealing with pressure of gases.  Students may think of gases as having no weight or mass because they observe that gases rise or float (Driver, 1994, p. 80).  This is obviously problematic as pressure is the force per unit area and in order for a force to exist there must be mass.  Therefore, some students may believe that as gas is added to a container, the container becomes lighter rather than heavier. Rarely do students consider gases having mass largely because they do not consider that at a particle level the gas is made up of particles (molecules) which have mass.

Another preconception students may have is that there must be wind in order for air to exert pressure (Driver, 1994, p. 152).  Once again, this is incorrect and can cause confusion.  Gases inside a closed container do exert pressure against the walls.  As well, students may believe there is a greater pressure downwards.  In reality, the pressure is equal in all directions inside a closed container (Driver, 1994, p. 152).


Finally, in regards to Boyle’s Law many students believe that in order to exert more pressure there needs to be more molecules and vice versa.  However, a decrease in volume creates more molecules per unit volume, which essentially increases the pressure exerted against the closed container.

Review to begin the class
The previous lessons of this unit introduced the historical development of the measure of pressure and the various units used to measure pressure.  This is likely to allow students to see this particular specific learning outcome with little difficulty. Review (possibly?) the different units (atmospheres, kilopascals, mm of mercury, and millibars) and conversion so that students are able to go from one to the other easily and with confidence.

Sample Questions:



Pressure conversions: 1 atm = 760 mm Hg = 101.3 kPa = 1.013 bar

1. Given the above pressure conversions, convert a pressure of 620 mm Hg into its corresponding value in units of atmospheres, bars, and kilopascals.

2. Rank the following pressures in decreasing order of magnitude (largest first, smallest last): 75 kPa, 250 mm Hg, 0.83 bar, and 0.63 atm

After the review is finished, proceed to the evidential portion of the lesson.  This will help introduce the concept in a way that engages and interests students.

Part A: Demonstration
Evidential

An interesting and unique demonstration of Boyle’s Law involves marshmallows and a vacuum pump. Place the regular marshmallows inside a beaker and place the beaker inside a vacuum pump.  If the students have not seen a vacuum pump, you might explain that a vacuum pump draws air out of the enclosed container, reducing the air pressure in the container. It is probably better to just do the demonstration with little introduction.

Place the beaker with the marshmallows inside the vacuum pump container and (possibly?) ask the students to predict what will happen to the marshmallows once the vacuum pump is turned on drawing air out of the bell jar. Once there is a general prediction from the students, turn on the vacuum pump and watch the marshmallows increase in size significantly as shown below!
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(Kotz, J., & Treichel, P., p. 543, 1999)
Figure 1: Marshmallows are placed in a flask on the left.  Using a vacuum pump the air pressure is reduced and the marshmallows, as shown on the right, expand in size!

Potentially repeat demonstration using other materials that have air inside (e.g., balloons, oranges!). This discrepant demonstration illustrates that there is a relationship between volume of a gas and the pressure it exerts. Students are likely to suggest that the marshmallows and balloons are being sucked out to become larger, rather than thinking that the drawing out of the air decreases the pressure the gas exerts, allowing the marshmallow to expand. A good explanation at the psychological level must assist students in understanding air doesn’t suck, but, instead, a change and reduction in air pressure is responsible for the changes we observe.

Possibly if syringes are on hand, place miniature marshmallows in the syringe and have students predict what happens when the syringe is compressed. Get them to suggest why they think this might occur. Try it. Try again (still with marshmallows inside) by compressing the syringe to expel air and then placing your finger over the syringe and drawing out the syringe to increase the volume. Again, get the students to suggest why this occurs. Again as the air is compressed (air pressure increases), the volume decreases.
Psychological
The psychological plane will be addressed by having students perform a role-play of the experiment/demonstration just performed with the syringe.  The desks in the class will be the syringe and the students themselves as the particles of gas in a gas mixture.  A few of the students can remain on the outside of the “syringe” where they can measure the volume (space in which the students are allowed to move about) of the gas.  This will enable the students to “act out” the fundamental principles that govern gas behavior, known as the kinetic-molecular theory.  It will also allow them to experience first hand what happens when we change the volume, and its resultant effect on pressure.

Procedure for the role play

Have the students within the confines of the desks walk around and bump into one another and the desks, all the while moving in a straight line.  This will show how the particles of a gas are in constant motion.  Have them show what happens when we decrease the area in which they are able to move and “measure” in arbitrary units (‘elephants’ if you wish!) the volume that the “gas” particles are able to move in. Place this number on the board. Then decrease the space by one unit, by having other students act as a piston, not allowing the “gas particles” to escape.  Repeat these steps three or four times, all the while having students note the changes, with respect to the space in which they can move and number of times they come into contact with one another and the walls.  Be sure that students realize that as the amount of space decreases, they have a higher frequency of collisions with the walls, which is the reason pressure increases. Continue the role play giving consideration to how an increase in volume influences the pressure exerted.
Desks
Gas particles

(students)

Students acting

as a piston

This idea can be further reinforced using the following interactive website,

http://intro.chem.okstate.edu/1314F00/Laboratory/GLP.htm, which allows you to manipulate pressure, volume, and temperature, and shows the movement of the gas particles as these variables change.  Be sure to manipulate only the pressure and volume for this situation.  In doing so, you can easily demonstrate the syringe demonstration by decreasing the volume, which increases the pressure.  At this time, one can also explain the marshmallow demonstration by decreasing the pressure, which increases the volume.  A graphic of the website is shown below with the ‘Gas Region’ on the left and the control bars on the right.

Part B: Investigation

Introduction:

In the previous section we looked at the relationship between pressure and volume. We also looked at the sub-microscopic particle level and what happens when a change in volume changes the pressure exerted by a gas. 
Explain:

1.  At the particle level, why a change in volume influences gas pressure?

2. What kind of relationship is this? Explain?

In this investigation we will be looking more systematically at the relationship between pressure and volume of a confined gas. You will be looking at this relationship numerically and graphically. You will be conducting your own investigation using the equipment provided. The equipment may involve:


Syringes


CBL pressure sensors


Pressure Gauges

What is your question or idea to investigate?
Your plan?
Use the framework below to help you plan the investigative procedure you will use to answer your question. Remember you are designing a fair test. You want to be sure that what you have changed is affecting what you will measure and that nothing else is affecting your investigation.
What will you change?

How will you change it?

What will you keep the same?

What will you measure?

How will you measure it?

Your Method:

Using the information you have just given, write out a method of fairly testing your question or idea. In your plan, remember to do many trials to help ensure that your results are accurate. Start by listing what materials you need, then write out your plan as a series of steps (1., 2., 3., etc.). Including diagrams might help. (You can use the back of this page if you need.)
Your predictions

What do you think the answer to your chosen question will be? Explain why. Think back to how we explained the demonstration.
Your results
Construct a data table to display the results of your investigation here. Be sure to include the results from all trials. 
Graph these results:
Analysis of your results

· Describe your observations. What did you see when you performed your investigation?
· Were your results as you had predicted? If not, how were they different? 

· Explain why you saw what you did. This explanation should be at the particle level.  Again, for help, think back to how we explained our demonstration.
· Was this a fair test? Did you get the same results every time you repeated the test? If not, why not?
Summary and Conclusions
· Based on your investigation, make a conclusion about what you have observed. 
· Now that you have performed your investigation, can you think of any new questions you would like to investigate (different from the ones you listed at the beginning)?
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