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Name _____________________
Class ______________
Date _________


Activity C09: The Ideal Gas Law

(Pressure Sensor, Temperature Sensor)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Gas laws
C09 Ideal Gas Law.DS
(See Appendix)
(See Appendix)

Equipment Needed
Qty
Equipment Needed
Qty

Pressure Sensor (CI-6532A)
1
Rubber stopper, one-hole
1

Temperature Sensor (CI-6505A)
1
Tongs
1

Base and support rod (ME-9355)
1
Tubing, plastic (w/sensor)
1

Beaker, 1 L
4
Protective gear
PS

Clamp, buret (SE-9446)
1



Connector, rubber stopper (w/sensor)
1
Chemicals and Consumables
Qty

Coupling, quick-release (w/sensor)
1
Glycerin
1 mL

Flask, Erlenmeyer, 125 mL
1
Ice, crushed
1 L

Hot plate (for hot water bath)
1
Water
3 L

What Do You Think?

[image: image1.wmf]What is the relationship between the pressure of a gas and the temperature of a gas if its volume remains constant as the temperature changes? Could you use this relationship to determine the value of Absolute Zero, the theoretical limit of low temperature?

Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section.

Background

[image: image15..pict]Solid, liquid and gas are the most common states of matter found on this planet. The only difference among all these states is the amount of movement of the particles that make up the substance. 

Temperature is a measure of the relative movement of particles in a substance because temperature is a measure of the average kinetic energy of the particles. At any specific temperature the total kinetic energy is constant. Particles with a large kinetic energy tend to collide frequently and move apart. Intermolecular forces tend to pull particles toward each other. The forces that bind some molecules together at a particular temperature are greater than the kinetic energy of the molecules. 

In an “Ideal Gas” there are NO intermolecular forces. (In fact, the “Ideal Gas” has no mass and occupies no volume!) While the “Ideal Gas” is fictional, real gases at room temperature and pressure behave as if their molecules were ideal. It is only at high pressures or low temperatures that the kinetic energy of molecules is overcome by intermolecular forces and the molecules can "grab onto" one another.

In the “Ideal Gas”, the volume of the gas is inversely proportional to the pressure on the gas at a constant temperature. In other words, the product of the volume and pressure for the gas is a constant when the gas is at a constant temperature.

P * V = k
For example, imagine that the gas pressure in a balloon is one atmosphere and has a volume of twelve liters. The value of k is 12 liter • atmospheres. If the balloon were to rise to a point in the atmosphere where the pressure is 0.5 atmospheres, the balloon would expand to 24 liters and the value of k  is still 12 liter • atmospheres. 

At the same time, the volume of a gas is directly proportional to the temperature. If a gas is heated, the volume of the gas increases. If it is cooled, the volume of the gas decreases, thus:

V  = T • k2
or


 EMBED "Equation" \* mergeformat  


What happens at very low temperatures? For real gases the molecules become closer, the intermolecular forces overcome kinetic energy, and the gas turns into a liquid. At still lower temperatures and higher pressures, the liquid is forced into a rigid structure we call a solid. For the “Ideal Gas”, the gas would continue to have a constant pressure-volume relationship. For the “Ideal Gas”, as the temperature decreases, the volume and the pressure of the gas also decrease. The pressure and volume maintain a constant relationship.

In this activity the volume of the gas is a constant because you will use a rigid container that will not change in volume as the temperature is changed. At a constant volume then,

P is proportional to T

or

P = T • k3 

Theoretically, you can use a graph of pressure versus temperature to estimate the value of Absolute Zero by finding the temperature at which the pressure reaches zero. 

SAFETY REMINDERS
· Wear protective gear.

· Follow directions for using the equipment.

· Be very careful when you heat water.
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For You To Do

Set Up a Boiling Water Bath

•
Put about 600 mL of water into a 1 L beaker and put the beaker on a hot plate. Start to heat the water to boiling. Check the water bath occasionally as you set up the rest of the equipment.

Use the Pressure Sensor to measure the pressure inside a flask and use the Temperature Sensor to measure the temperature of the water bath in which the flask is immersed. Use DataStudio or ScienceWorkshop to plot the pressure-temperature data onto a graph. Use the graph to determine the relationship of pressure and temperature and to estimate the value of Absolute Zero.

PART I: Computer Setup
[image: image16.png]


1.
Connect the ScienceWorkshop 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. Connect the DIN plug of the Pressure Sensor to Analog Channel B on the interface.

3.
Open the file titled as shown;


DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

C09 Ideal Gas Law.DS
(See Appendix)
(See Appendix)

•
The DataStudio file has a Table display and a Graph display of the gas pressure and the temperature of the water bath.

•
For ScienceWorkshop, refer to the Appendix at the end of this activity. 

•
Data recording is set at ten measurements per second (10 Hz). Use ‘Manual Sampling’ (DataStudio) or ‘Keyboard Sampling’ (ScienceWorkshop) to record the pressure and temperature data for each different temperature.

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

Set Up the Equipment

•
For this part you will need the following: glycerin, quick-release coupling, connector, plastic tubing, rubber stopper, flask, and Pressure Sensor

[image: image17..pict]1.
Put a drop of glycerin on the barb end of a quick release coupling. Put the end of the quick release coupling into one end of a piece of plastic tubing (about 15 cm) that comes with the Pressure Sensor. 
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2.
Put a drop of glycerin on the barb end of the connector. Push the barb end of the connector into the other end of the plastic tubing.

3.
Fit the end of the connector into the one-hole rubber stopper. 

4.
Push the rubber stopper firmly into the flask. 

[image: image19.png]


5.
Align the quick-release coupling on the end of the plastic tubing with the pressure port of the Pressure Sensor. Push the coupling onto the port, and then turn the coupling clockwise until it clicks (about one-eighth turn). 

[image: image4.wmf]
Set Up the Other Water Baths

•
For this part you will need the following: 1-L beakers (3), water, and ice.

1.
Fill one beaker with about 600 mL of cold tap water and add ice. 

2.
Fill a second beaker with about 600 mL of room temperature water (approximately 20 ˚C).

3.
Fill the third beaker with about 600 mL of hot tap water. 

PART III: Data Recording
1.
When you are ready, record pressure and temperature measurements. 

•
(Hint: For ScienceWorkshop, see the Appendix at the end of this write-up. In DataStudio, click ‘Start’. The ‘Start’ button changes to a ‘Keep’ button ([image: image5.png]


))

[image: image20..pict]•
The Table display shows the temperature and the pressure in the first row.

[image: image21..pict]2.
Put the flask into the ice water bath so the flask is covered. Put the Temperature Sensor into the ice water and stir gently.

3.
When the temperature and pressure values stabilize in the Table display, click ‘Keep’ to record the data. 

•
The recorded values of temperature and pressure will appear in the first row of the Table display. 

4.
Move the flask and Temperature Sensor to the water bath with the room temperature water. Stir gently with the sensor. When the temperature and pressure values stabilize, click ‘Keep’.

5.
Repeat the process in the water bath with the hot tap water. 

[image: image22..pict]•
For the next part, use a base and support rod, clamp, and slit stopper to hold the Temperature Sensor in the water bath with the boiling water. Use a pair of tongs to hold the flask.

SAFETY ALERT! Be careful not to touch the beaker, the boiling water, or the hot plate.

6.
When the temperature and pressure values stabilize in the Table display, click ‘Keep’ to record the data. 

7.
Stop recording data (click the [image: image6.png]


 button). Turn off the hot plate. Remove the flask and sensor.

Analyzing the Data

[image: image23..pict]1.
Use the Graph display to determine whether or not the relationship of pressure and temperature is linear. 

•
Click ‘Fit’ and select ‘Linear’ from the menu.

2.
Use your data to determine whether or not the relationship of pressure and temperature is direct or inverse.


(Hint: If the relationship is direct, the ratio of pressure (measured in atmospheres) to temperature (measured in Kelvins) is constant. If the relationship is inverse, the product of pressure and temperature is a constant. In other words, if P/T is a constant, the relationship is direct. If P•T is a constant, the relationship is inverse.)

•
Convert the pressure data from kilopascals to atmospheres (1 atm = 101 kPa) and record in the Data Table. Convert the temperature data from Celsius to Kelvin (K = ˚C + 273). Record in the data table.

•
Calculate the ratio of pressure (atm.) and temperature (K). Calculate the product of pressure and temperature. Compare.

3.
Use the Graph display to estimate the value of Absolute Zero.

•
Use the ‘Zoom Out’ tool ([image: image7.png]


) to expand your view of the Graph display. Continue to expand the view until you can see where the ‘Linear’ fit line crosses the negative X-axis. 

•
Use the ‘Smart Tool’ ([image: image8.png]


) to find the coordinates of the point where the ‘Linear’ fit line intersects the X-axis. The X-coordinate is the approximate value of Absolute Zero.

4.
Compare your value for Absolute Zero to the accepted value (-273 ˚C). 

5.
Use your observations and data to answer the questions in the Lab Report.

[image: image24..pict]Record your results in the Lab Report section.

Lab Report - Activity C09: The Ideal Gas Law

What do you think?

What is the relationship between the pressure of a gas and the temperature of a gas if its volume remains constant as the temperature changes? Could you use this relationship to determine the value of Absolute Zero, the theoretical limit of low temperature?

Data Table

Water bath
Press. (kPa)
Press. (atm)
Temp. (˚C)
Temp. (K)
P/T
P•T

Ice-water







Room temp







Hot tap







Boiling







Questions

1.
Is the relationship between the pressure of a gas and the temperature a linear relationship when the volume is constant?

2.
Based on your data and calculations, is the relationship between the pressure and temperature direct or inverse?

3.
Based on your data, what is the value of Absolute Zero?

4.
How does your value of Absolute Zero compare to the accepted value (-273 ˚C)?

Appendix: Set Up ScienceWorkshop
Create a ScienceWorkshop file to measure and display temperature and pressure. 

Set Up the Sensors

1.
In the Experiment Setup window, click and drag the analog sensor plug to Channel A. 

[image: image25..pict]2.
Select ‘Temperature Sensor’ from the list of sensors. Click ‘OK’ to return to the Experiment Setup window.

3.
Repeat the process to set up the Pressure Sensor. Click and drag the analog sensor plug to Channel B. Select ‘Pressure Sensor – Absolute’ from the list and click ‘OK’ to return to the Experiment Setup window.

Set Up the Sampling Options

1.
In the Experiment Setup window, click the ‘Sampling Options…’ button (or select it from the Experiment menu). 

[image: image26..pict]2.
In the Sampling Options window, click the check box in front of ‘Keyboard’. Enter ‘Water bath’ as the Parameter. Leave ‘Units’ blank. Click ‘OK’ to return to the Experiment Setup window. 

Set Up the Displays

[image: image27..pict]1.
In the Experiment Setup window, click and drag the Table display icon to the Temperature Sensor icon. 

[image: image28..pict][image: image29..pict]2.
In the Table display, add a column for Pressure. Click the Add-a-Column menu button ([image: image9.png]


) and select ‘Analog B, Pressure’ from the list.

3.
In the Experiment Setup window, click and drag the Digits display icon to the Temperature Sensor icon. Repeat the process to make another Digits display. Click and drag the Digits display icon to the Pressure Sensor icon.

4.
In the Experiment Setup window, click and drag the Graph display icon to the Pressure Sensor icon.

[image: image30..pict]5.
Change the horizontal axis of the Graph display to show Temperature rather than Time. Click the Horizontal Axis Input menu button ([image: image10.png]


). Select ‘Analog A, Temperature’ from the list.

Record Data

[image: image31..pict]1.
Set up the sensors and equipment as described earlier. 

2.
Put the flask and Temperature Sensor into the first water bath. 

3.
When you are ready, click ‘REC’ to start recording data. 

•
The ‘Keyboard Sampling’ window will open. Arrange the windows so you can see the two Digits displays.

[image: image32..pict]4.
When the readings for temperature and pressure stabilize, type ‘1’ in the Keyboard Sampling window and click ‘Enter’ to record the temperature and pressure for the first water bath.

5.
Move the flask to the second water bath. When the readings for temperature and pressure stabilize, type ‘2’ in the Keyboard Sampling window and click ‘Enter’ to record the temperature and pressure for the second water bath.
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6.
Move the flask to the third water bath. When the readings in the Digits displays stabilize, click ‘Enter’ to record the temperature and pressure for the third water bath.

7.
Repeat the process for the next water bath. 

8.
When you are ready to stop recording data, click ‘Stop Sampling’ in the Keyboard Sampling window. The Keyboard Sampling window will automatically close.

Analyze the Data

1.
Use the Graph display to determine whether or not the pressure and temperature relationship is linear. In the Graph display, click the ‘Statistics’ button ([image: image11.png]


) to open the Statistics area. In the Statistics area, click the ‘Statistics menu’ button ([image: image12.png]


) and select ‘Curve Fit, Linear Fit’ from the menu.

2.
Use the Graph display to find a value for Absolute Zero. In the Graph display, use the ‘Zoom Out’ buttons ([image: image13.png]


) for the vertical and horizontal axes to re-scale the display until you can see the point where the ‘Linear Fit’ line crosses the X-axis. Then use the ‘Smart Cursor’ ([image: image14.png]


) to find the coordinates of that intersection point. The x-coordinate is shown below the label of the X-axis. 

3.
Compare your value for Absolute Zero to the accepted value (-273 ˚C). 

4.
Use your data to determine whether or not the relationship of pressure and temperature is direct or inverse.


(Hint: If the relationship is direct, the ratio of pressure (measured in atmospheres) to temperature (measured in Kelvins) is constant. If the relationship is inverse, the product of pressure and temperature is a constant. In other words, if P/T is a constant, the relationship is direct. If P•T is a constant, the relationship is inverse.)

•
Convert the pressure data from kilopascals to atmospheres (1 atm = 101 kPa) and record in the Data Table. Convert the temperature data from Celsius to Kelvin (K = ˚C + 273) and record in the data table.

•
Calculate the ratio of pressure (atm.) and temperature (K). Calculate the product of pressure and temperature. Compare.

5.
Use your observations and data to answer the questions in the Lab Report.
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Record your results in the Lab Report section.
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