CLASS COPY—PLEASE DO NOT TAKE!!!


Boyle’s Law 

The primary objective of this lab is to familiarize chemistry students with the laboratory technology that will be used in our classes.  

· Laptops

· LoggerPro

· Vernier Lab Probeware

· Spreadsheet programs (Microsoft Excel)
· Word processing (Microsoft Word)
To get aquatinted with the lab technology, you will be collecting data to determine the relationship between the pressure of a gas and the volume of the container it occupies.  This relationship was first described by Robert Boyle and is known as Boyle’s Law.
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volume of a confined gas. The gas we use will be air, and it will be confined in a syringe
connected to a Gas Pressure Sensor (see Figure 1). When the volume of the syringe is changed by
moving the piston, a change oceurs in the pressure exerted by the confined gas. This pressure
change will be monitored using a Gas Pressure Sensor. 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

OBJECTIVES
In this experiment, you will
« Use a Pressure Sensor and a gas syringe to measure the pressure of an air sample at several
different volumes
« From the results, determine the relationship between pressure and volume of the gas.
« Describe the relationship between gas pressure and volume in a mathematical equation.
« Use the results to predict the pressure at other volumes.

MATERIALS

LabPro interface

Data Pro program
Palm handheld

20 ml_ oas svringe
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Setup

First you will need to obtain and connect the following:

· Laptop Computer

· Pressure Sensor with syringe

· LabPro with power adapter and USB cable
1. Set up the computer and connect the LabPro with the USB cable.  Make sure that the cables are connected correctly.

2. Connect the pressure sensor to “Channel 1” on the LabPro.
3. Open the syringe to 10 mL and connect the syringe to the pressure sensor as shown above.
4. Open LoggerPro on the computer.  When the program has loaded, click File—Open—Chemistry with Vernier—06 Boyle’s Law.  You should see the pressure reading in the box on the lower left…if not, check your connections.  Atmospheric pressure is approximately 101 kPa.  If your reading is not close to this, check with your instructor.
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Experiment
1. Click                           to begin data collection.  The                     button will become available for you to click to collect individual data points.

2. When the pressure is relatively stable, click the keep button and enter the volume from the syringe.  This point will be marked on the graph.
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Take pressure and volume readings of at least 5 different volumes.  Repeat each volume reading three times.  By the end, you should have 15 data points on your graph and in the table on the left side of the screen.  When you are done taking data points, be sure to press                         so that the program will allow you to do your analysis.  

Analysis
Complete the analysis section by doing each of the following items.  You may feel like the directions are a bit sparse and that is on purpose.  We would like you to try to use what you know about other applications to help you figure your way through this section.  Work with your partner and don’t be afraid to try things that might not work…you just might want to save your work first.  Ask your instructor for help…but only after you have tried a few things on your own.

· Open a Microsoft Word document and put in appropriate headings and titles.  Your first section should be “Observations” and you will need to record your observations made during the lab.

· Copy your LoggerPro graph by selecting the graph and then right clicking and choosing the appropriate options.  Paste the graph into your Word document.  You should resize the graph to fit reasonably in your report.
· Copy the LoggerPro data table into a Microsoft Excel file.  (This may take a few tries…you can do it!)
a. Add all appropriate labels to your data table…be sure to include units!
b. You may wish to reorganize your data to make it more presentable and easy to read.

c. Use the pressure and volume data to create a graph with all the necessary labels.  (Note: the graph should look very similar to the graph created by LoggerPro)
d. Use data to determine P·V

a. Add a P·V label to your data table
b. Use the equation feature in excel (start a cell with “=” to start an equation).  You can click on cells to put the number from that cell into your equation.  (This can be tricky and you might need to play with it a bit to get the hang of it.)

· Use “=AVERAGE(select your P·V values)” to calculate an average P·V value.

· Use “=STDEV(select your P·V values)” to calculate the standard deviation of your P·V data set.  Standard deviation calculates how similar values are in a given data set.  Larger values mean that the data set is more random and smaller values mean the data is all very similar.  

c. Compare the standard deviation value to the average P·V value.  Determine the standard deviation’s percentage of the average.  Try using the equation feature to run this calculation.  For example “=B1+C1” would calculate the sum of the contents of cells B1 and C1.
· Copy Excel data table and graph into Microsoft Word document.  You may need to format the table and put in borders or other details to make it look nice.
Questions
1. Why was it important to repeat your data collection three times?
2. Look back at your values for P·V.  What do you notice about these values?
3. What did the calculation of the standard deviation and the standard deviation’s percentage of the average tell you about the P·V values?
4. According to your data, what is the relationship between pressure and volume of a gas?
5. Boyle’s Law states that as pressure increases, the volume of a gas will decrease.  Does your data support this?
6. In the end, Boyle’s Law determined that P·V values are actually constant—meaning that each of your P·V values should have been exactly the same giving a standard deviation of zero.  Experimental error analysis is an important part of scientific lab work.  What do you think caused your error and what error did it cause?
Modified from Vernier: Chemistry With Computers Experiment 6


