
Boyle's Law: Pressure-Volume
Relationship in Gases
The primary objective of this experiment is to determine the relationship between the pressure and volume of a confined gas. The gas we use will be air, and it will be confined in a syringe connected to a pressure sensor (see Figure 1). When the volume of the syringe is changed by moving the piston, a change in the pressure exerted by the confined gas results. This pressure change will be monitored using a pressure sensor interfaced to a computer. It is assumed that temperature will be constant throughout the experiment. Pressure and volume data pairs will be collected during this experiment and then analyzed. From the data and graph, you should be able to determine what kind of mathematical relationship exists between the pressure and volume of the confined gas. Historically, this relationship was first established by Robert Boyle in 1662 and has since been known as Boyle's law. 


Figure 1
MATERIALS
Macintosh or IBM Computer

Pasco Pressure Sensor
Science Workshop 500 or 700 Interfaces

Plastic gas syringe 20-mL 
 heavy-wall polyurethane plastic tubing 
PROCEDURE
Prepare the Pressure Sensor and an air sample for data collection. 

1. Plug the Pressure Sensor into Analog channels A of a Box Interface that is connected to a computer. 

4. Open the screw valve of the Pressure Sensor by turning it 1/8 turn counterclockwise. 

5. Attach the 20-mL syringe to the valve of the Pressure Sensor via the plastic tubing as shown in Figure 1. The side opening allows air to enter and exit when the valve is open. 

6. Move the piston of the syringe until the inside ring is exactly over the 20.0 mL mark. 

7. Firmly close the Pressure Sensor's screw valve by turning it clockwise. 

8. Prepare the computer for data collection by opening "Experiment C07, Boyle’s Law" from the Chemistry experiment files. 
9. Click on the Rec button to begin data collection. Type "20" in the Volume box. Click the Enter button to keep this volume. 
10. Collect the pressure versus volume data. It is best for one person to take care of the gas syringe and for another to operate the computer. Move the piston to position the inside ring exactly over the 18-mL line on the syringe. Hold the piston firmly in this position until the pressure value stabilizes. When the pressure reading has stabilized, click the Rec button. Type "18" in the Volume box. Click the Enter button to keep this volume. (Note: The Science Workshop will prompt you for the third volume based on the pattern of the first two volumes.)
11. Repeat the Step 10 procedure for volumes of 16, 14, 12, 10, 8, 6, and 4 mL. 

12. Click on the Stop Sampling button when you have finished collecting data. Print all your display after your title your graphs and table and after you display all the data statistics on your graphs.
DATA AND CALCULATIONS

1. If the Volume is doubled from 4 to 8 mL, what does your data show happens to the pressure? Show the pressure values in your answer.
2. If the volume is halved from 20.0 ml to 10.0 ml, what happens to the pressure? Give the value of pressure in your answer.

3. If the volume is tripled from 6.0 ml to 18.0 ml, what happens to the pressure? Give the value of pressure in your answer.

4. From your answer to the first three questions and the shape of the curve in the plot of pressure versus volume, what kind of relationship exists between pressure and volume? Explain your answer.

5. Based on your data, what you would expect the pressure to be if the volume of the syringe was increased to 40.0 ml. Explain or show work to support your answer.

6. What experimental factors are assumed to be constant in this experiment?

7. One way to determine whether the relationship is inverse or direct is to find a proportionality constant, k, from the data. If this relationship is inverse, k = P.V. Based on your answer to question 3, Find the average value for k.

8. How constant were the values for k you obtained in Question 7?

9. Find the slope of the line of best fit for Pressure versus 1/V, what is that slope represents?

10. Using P, V, and k, write an equation representing Boyle's Law. 

