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Name _____________________
Class ______________
Date _________


Activity SL09: Charles’ Law – Volume versus Temperature (Temperature Sensor)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Gas laws
C08 Charles’ Law.DS
C08 Charles’ Law
C08_CHAR.SWS

Equipment Needed
Qty
Equipment Needed
Qty

Temperature Sensor (CI-6505A)
1
Tongs
1

Beaker, heat proof,1000 mL
1
Protective gear
PS

Graduated cylinder, 100 mL
1
Chemicals and Consumables
Qty

Heat Engine/Gas Law Apparatus
1
Glycerin
1 mL

Hot plate
1
Water
750 mL

What Do You Think?

[image: image1.wmf]What is the relationship between the volume of a gas and the temperature of the gas?

Take time to write an answer to the question in the Lab Report section.

[image: image11.wmf]Background

Charles’ Law states that the volume of a gas is directly proportional to its absolute (Kelvin) temperature, assuming all other factors such as pressure remain constant. If the two parameters are directly proportional, the plot of volume (V) versus temperature (T) is a straight line. For an ideal gas, if this line is extrapolated for temperatures below which the substance is no longer a gas, the line always intersects the temperature axis at Absolute Zero, corresponding to a volume of zero. 


SAFETY REMINDERS
· Wear protective gear during this acivity.

· Follow directions for using the equipment.

· Be very careful using a burner or hot plate to heat water.
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For You To Do

Use the Temperature Sensor to measure the temperature of a water bath. Use the cylinder of the Heat Engine/Gas Law Apparatus to measure the change in volume of the gas in a metal can immersed in the water bath. Use DataStudio or ScienceWorkshop to record the temperature and the volume, and display and analyze the data.

PART I: Computer Setup
[image: image12..pict]1.
Connect the interface to the computer, turn on the interface, and turn on the computer.

2.
Connect the DIN plug of the Temperature Sensor to Analog Channel A on the interface.

3.
Open the file titled as shown;


DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

C08 Charles’ Law.DS
C08 Charles’ Law
C08_CHAR.SWS

· The DataStudio file has a Workbook display. Read the instructions in the Workbook

· The ScienceWorkshop file has a Digits, Table, and Graph display of Temperature versus Time.

· [image: image13..pict][image: image14..pict]Data recording is set so there is one measurement of temperature per second. You will use the default data for the volume measurements in the DataStudio Table or “Keyboard” sampling in ScienceWorkshop using Parameter = Volume and Units = mm.

· The ‘Default Data’ numbers under ‘Volume’ in the DataStudio Table actually represent the position of the piston in the Heat Engine/Gas Law Apparatus. 

PART II: Sensor Calibration and Equipment Setup
You do not need to calibrate the Temperature Sensor. 

1. Fill a 1000-mL beaker about three fourths full of water. Place the Temperature Sensor in the water. Put the beaker onto the hot plate, but don’t start heating the water yet.

2. Set up the Heat Engine/Gas Law Apparatus. Close the clamp on the tubing to one of the pressure ports. Place the Heat Engine/Gas Law Apparatus on its side so the cylinder is horizontal. Set the piston at the zero millimeter mark. 

3. [image: image15..pict]Set up the tubing that will connect the Heat Engine/Gas Law Apparatus to the metal can. You will need a quick-release coupling, a connector, a piece of plastic tubing about 12” (30 cm) long, and glycerin. Put a drop of glycerin on the barb of the quick-release coupling and insert the barb into one end of the plastic tubing. Put a drop of glycerin on the barb end of the connector and put the barb into the other end of the tubing.
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Set up the metal can. You will need a one-hole rubber stopper. Put a drop of glycerin on the end of the connector and insert the connector into the rubber stopper. Put the rubber stopper tightly into the can. 

5. Connect the quick-release coupling to the open pressure port on the base of the Heat Engine/Gas Law Apparatus.

6. Put the metal can into the beaker of water. Use tongs to hold the can in the water. 
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Turn on the hot plate to start heating the water in the beaker.

PART III: Data Recording
1.
Start recording data. In DataStudio, the ‘Start’ button changes to a ‘Keep’ button[image: image4.png]


.

Note: For ScienceWorkshop instructions, see the appendix at the end of the activity.
2.
Since the piston of the Heat Engine/Gas Law Apparatus is at the 0 millimeter mark, click ‘Keep’ to record the value of temperature.

· The first temperature value is displayed in the data Table next to “0” in the Volume column.

· Stir the water in the beaker with the sensor.

3.
Watch the piston closely. When it reaches the 1 millimeter mark, click ‘Keep’ to record the value of temperature.

· Continue to stir the water with the sensor during the time that you record data. 

4.
When the piston reaches the 2 millimeter mark, click ‘Keep’ to record the value of temperature.

5.
Repeat the data recording procedure at each millimeter mark until the piston reaches the 5 millimeter mark and you have 5 data points. Do not go above 95 ˚C. When you are done, stop data recording.

Analyzing the Data
Determine the relationship between volume and temperature. 

1. In the Graph display of Volume versus Temperature, rescale the graph to fit the data. 

2. Use the Graph’s analysis tools to determine whether the plot of Volume versus Temperature is linear or not.

· Hint: In DataStudio, use Fit ->Linear. 

· Hint: In ScienceWorkshop, use Statistics ->Curve Fit ->Linear Fit.

Record your results in the Lab Report section.

Lab Report - Activity SL09: Charles’ Law – Volume vs. Temperature

What Do You Think?

What is the relationship between the volume of a gas and the temperature of the gas?

Question

How well did your results correspond to Charles’ Law?

Optional:
· Measure the volume of the metal can. First, fill the metal can to the brim with water. Hold the can over a beaker and put the rubber stopper back into the top of the can. (NOTE: Some of the water will be pushed out by the rubber stopper.) Carefully remove the rubber stopper. Pour the water from the can into a graduated cylinder. Measure the volume of the plastic tubing that connected the metal can to the Heat Engine/Gas Law Apparatus. Pour water into the tubing until it is completely filled. Then add the water from the tubing to the water in the graduated cylinder.

· Record the volume of water in the graduated cylinder as the total volume of the metal can and tubing:

Volume of can + tubing = __________ mL

Find a value for Absolute Zero based on your data.

· To determine the value for Absolute Zero, plot total volume versus temperature. 

· Hint: Use the software’s calculator to determine the total volume. Remember, the volume of a cylinder is the area of its base multiplied by its height. The area of the piston in the Heat Engine/Gas Law Apparatus is 8.29 square centimeters.

· Hint: The height is the piston position. Convert the piston position from millimeters to centimeters.

· Hint: The value for Absolute Zero is the temperature where the plot on the Graph intersects the X-axis.

Data


Experimental value for Absolute Zero (C)


Appendix (ScienceWorkshop)
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When you are ready, start recording data. In ScienceWorkshop, the Keyboard Sampling window will open. Adjust its position on your screen so you can also see the Digits display of temperature.

2. Stir the water in the beaker with the sensor.

3. Since the piston of the Heat Engine/Gas Law Apparatus is at the 0 millimeter mark, type in “0” and click the “Enter” button in the Keyboard Sampling window.

4. Watch the piston closely. When it reaches the 1 millimeter mark, type in “1” and click the “Enter” button in the Keyboard Sampling window.

5. Continue to stir the water with the sensor during the time that you record data. 

6. When the piston reaches the 2 millimeter mark, click the “Enter” button in the Keyboard Sampling window.

7. Repeat the data recording procedure until you have at least 5 data points. Do not go above 95 ˚C. When you are done, click the “Stop Sampling” button to stop data recording.

Create a Calculation (ScienceWorkshop)
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Click the Calculator icon or select Calculator Window from the Experiment menu to open the Experiment Calculator.

2. Create a formula for the total volume. First, click on the INPUT menu button and select “Volume (mm)”. 

3. Use the cursor to click the “divide” button ([image: image5.png]


) in the calculator keypad. Then type in “10” (to convert from millimeters to centimeters). 

4. Use the cursor to click the “multiply” button ([image: image6.png]


) in the calculator keypad. Then type in “8.29”(the surface area of the piston in square centimeters).

5. Use the cursor to click the “addition” button ([image: image7.png]


) in the calculator keypad. Then type in your number for the volume of the metal can plus the plastic tubing.

6. [image: image20.png]Total Volume, TotVol (i




Fill in the Calculation Name, Short Name, and Units as indicated. Finally click the “equals“ button ([image: image8.png]


) on the calculator. 

7. You now have a formula for determining the total volume of air. Your formula should have your volume for the metal can plus tubing. 

8. [image: image21..pict]Change the Graph to show “Total Volume” on the vertical axis. Click the “Plot Input” menu button and select the Total Volume calculation for the vertical axis. 

9. Click on the axis labels to adjust the maximum and minimum values for the vertical and horizontal axes. 

10. [image: image22..pict]For the vertical axis set the minimum volume to 0 and the maximum to a value slightly bigger than your largest volume. 

11. For the horizontal axis start with -400 and 100. Later you can fine tune it when you know where your V vs. T line intersects the temperature axis.)

12. To determine your estimate of Absolute Zero, find the point on the horizontal axis where the “best fit” line for Linear Fit intersects the horizontal Temperature axis.

13. If needed, can either change the minimum value for that axis or click on the Zoom Out button in the lower right corner ( a circle with a minus sign in it [image: image9.wmf]) . 

14. Click the “Smart Cursor” button ([image: image10.png]


). Move the Smart Cursor to the point at which the V vs. T line intersects the Temperature axis. This temperature that corresponds to a volume of zero is your experimental value for Absolute Zero. Record your experimental value for Absolute Zero.
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