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Science in Motion

Juniata College

Boyle’s Law with Vernier
PA State Standards:

3.7.10.B
Apply appropriate instruments and apparatus to examine a variety of objects and processes.
3.4.12.A
Apply concepts about the structure and properties of matter .
2.5.11.B
Use symbols, mathematical terminology, standard notation, mathematical rules, graphing and other types of mathematical representations to communicate observations, predictions, concepts, procedures, generalizations, ideas and results.

2.2.11 A
Develop and use computation concepts, operations and procedures with real numbers in problem-solving situations.

1.2.11.A
Read and understand the central content of informational texts and documents in all academic areas.

Introduction:

This experiment will investigate the relationship between the pressure and the volume of a gas.  Air will be confined in a syringe, which will be connected to a pressure sensor.  (See Figure 1.)  When the volume of the syringe is changed by moving the plunger, the pressure sensor monitors the change in pressure.  The computer will record the data both numerically and graphically.  From this data, the mathematical relationship between the pressure and the volume of a gas can be determined.  This relationship was established by Robert Boyle in 1662 and has since been known as Boyle’s Law.
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Guiding Question:

Please answer the following question before beginning the lab.

[image: image4.png]What will a graph of pressure vs. volume look like?  Draw a graph below.

Equipment/Materials:

20-mL LuerLok syringe
laptop

LabPro® interface

LoggerPro® software

printer

Vernier pressure sensor

Safety:

· Always wear safety glasses in the lab.

Procedure:

1.   Plug the pressure sensor into port 1 of the LabPro interface that is connected to a computer.  
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2.  
Double click on the LoggerPro 3.6.0 icon. If the Connect to LabPro box opens, click Connect on Port and choose Com 1 from the drop-down menu.  Go to the File menu and select Open.  Open Chemistry with Venier and choose Experiment 6.  If the Sensor Conflict box opens, choose Pressure Sensor from the drop-down menu and click OK.  The vertical axis should have pressure scaled from 0 to 250 kPa; the horizontal axis should have volume scaled from 0 to 20 mL.
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3.
Move the plunger of the syringe until the bottom of the plunger is at the 10.0 mL mark as shown in Figure 2.
4.
Fit syringe’s LuerLok to the pressure sensor as in Figure 3.
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5.  Click Collect to begin data collection.  If the Collect button is recessed, go to the Experiment menu, choose Connect Interface, then choose Com:1 LabPro.  You will then be able to click the Collect button.
6.  One partner should run the syringe while the other runs the computer.  


Syringe – Move the plunger so that the bottom is on the 4 mL line.  Hold the position firmly until the pressure stabilizes.


Computer – Once the pressure reading has stabilized click Keep and type 4.0 in the edit box.  Press Enter to keep the data pair.  Note: You can redo a point by pressing ESC after clicking keep, but this step must be done before a volume reading is entered.  Do NOT click STOP until step 8.

7.  Repeat step 6 for the following volumes: 6.0, 8.0, 10.0, 12.0, 14.0, 16.0, 18.0, and 20.0 mL.
8.  When finished collecting data, click Stop.  Record the pressure and volume readings in your data table.

9. 
Examine the graph and determine if the relationship is direct or inverse.  To see if the determination is correct, click the curve fit button [image: image2.png]


, which is the second button from the right.  Choose Variable Power (Ax^n) from the General Equiation list at the lower left.  Enter the value of n in the Power box that represents the relationship shown in the graph.  (Type 1 for a direct relationship or –1 for an inverse relationship.)  Click Try Fit.  A best-fit curve will be displayed; it should match well with the points on the graph.  If it does not, try the other exponent and click Try Fit again.  When the curve matches well with the points, click OK.

10.
If instructed to print, click on the graph window, go to the File menu, and choose Print.  Enter your names and print the graph.

Data table:

	Volume (mL)
	Pressure (kPa)
	Constant, k (P/V or P*V)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


k value from best fit graph:​​​____________


Average for k:​​​___________
Calculations:

One way to determine if a relationship is inverse or direct is to find a proportionality constant, k, from the data.  If the relationship is direct, k=P/V; if it is inverse, k=P*V.  Choose one of the formulas, and calculate k for all of the data pairs.  Place your answers in the third column of the data table.

Extension:

1.  
To confirm the type of relationship that exists between pressure and volume, plot a graph of pressure versus the reciprocal of volume (1/volume or volume-1).  A new column of data, the reciprocal of volume, must be created based on the original data.  Remove the small Linear Regression box from the graph by clicking on its upper-left corner.  Go to the Data menu, select New Calculated Column.  Enter 1/Volume as the Long Name, 1/V as the Short Name, and 1/mL as the Unit.  In the Equation edit box type 1/ then click on the drop-down menu from the Variables (Column) list and select Volume.  In the Equation edit box, 1/”Volume” should be displayed.  Click Done.  Click on the x-axis label and select 1/Volume.

2.  Decide if the new relationship is direct or inverse, and change the formula in the Fit menu accordingly.  Click the Curve Fit button [image: image3.png]


, which is the second button from the right.  Choose Variable Power (y=Ax^n) from the General Equation list at the lower left.  Enter the value of n in the exponent edit box that represents the relationship shown in the graph.  (Type 1 for a direct relationship or –1 for an inverse relationship.)  Click Try Fit.  A best-fit curve will be displayed; it should match well with the points on the graph.  If it does not, try the other exponent and click Try Fit again.  When the curve matches well with the points, click OK.  If the relationship between P and V is an inverse relationship, the plot of P vs. 1/V should be direct; the best-fit curve should be linear and pass through or near the data points.  Examine the graph to see if this the data agrees.

3.  If instructed to print the graph, click on the graph window, go to the File menu, and choose Print.  Enter your names and print the graph.

Questions:

1.  According to your data, what happens to the pressure if the volume is doubled from 6.0 to 12.0 mL?

2.  According to your data, what happens to the pressure if the volume is halved from 20.0 to 10.0 mL?

3.  According to your data, what happens to the pressure if the volume is tripled from 6.0 to 18.0 mL?

4.  From your answers to questions 1-3 and the shape of the curve, do you think that the relationship between the pressure and the volume of a gas is direct or inverse?  Explain your answer.

5.  Based on your data, what would you expect the pressure to be if the volume of the syringe were increased to 40.0 mL?  Explain your answer.

6.  Based on your data, what would you expect the pressure to be if the volume of the syringe were decreased to 2 mL?  Explain your answer.

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

8.  How constant were the values for k obtained in the calculations?  Good data may show some minor variation, but the values for k should be relatively constant.

9.  Using P, V, and k, write an equation that represents Boyle’s Law.  Write a verbal statement that correctly expresses Boyle’s Law.

Reference:

Holmquist, D. and Volz D., Chemistry with Computers, Vernier Software& Technology, Beaverton, Oregon, 2000.

Figure 1.  Boyle’s Law apparatus








Figure 2. Measure 10 mL.





Figure 3. Attach syringe to pressure sensor.
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