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Name _____________________
Class ______________
Date _________


Activity GS24: Pressure vs. Temperature
(Pressure Sensor, Temperature Sensor)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Gas laws
GS24 Pres and Temp.DS
G24 Pressure & Temp
G24_PAT.SWS

Equipment Needed
Qty
Equipment Needed
Qty

Pressure Sensor (CI-6532A)
1
Tongs
1

Temperature Sensor (CI-6505A)
1
Tubing, plastic (w/sensor)
1

Beaker, 1 L
1
Turkey baster
1

Connector, rubber stopper (w/sensor)
1
Protective gear
PS

Coupling, quick-release (w/sensor)
1
Other
Qty

Flask, Erlenmeyer, 125 mL
1
Glycerin
1 mL

Hot plate (for hot water bath)
1
Ice, crushed
1 L

Rubber stopper, one-hole
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? 

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

Background

[image: image4..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. In a gas at high temperature, the molecules of gas move around very fast. In a gas at lower temperature, the molecules do not move as rapidly. 

Pressure is a ratio of the force applied to a surface divided by the area of the surface.

The pressure from our atmosphere is about 100,000 newtons per square meter (14.7 pounds per square inch). This is because the weight of air above a one square meter surface is 100,000 newtons (or about 10 tons). 

For a gas in a container, molecules collide with the inside surface of the container. Each colliding molecule exerts force against the surface.

If the molecules in a high temperature gas move fast, they have more speed (on average) when they collide with the inside surface of the container. Molecules in a lower temperature gas have less speed when they collide. The force exerted by the high-speed colliding molecules is greater than the force exerted by the low-speed molecules. 

A pressure gauge on a container of hot gas will measure a different pressure than a gauge on a container of cooler gas, assuming that the volume of gas is the same in both containers.

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

Start Heating the Water Bath

•
Put about 600 mL of water into a large beaker and put the beaker on a hot plate. Start to heat the water to almost 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 and temperature data onto a graph. Use the graph to determine the relationship of pressure and temperature.

PART I: Computer Setup
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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)

GS24 Pres and Temp.DS
G24 Pressure & Temp
G24_PAT.SWS

•
The file has displays of the gas pressure and the temperature of the water bath.

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

•
Data recording is set at one measurement every 10 seconds. 

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: image6..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: image8..pict][image: image9..pict]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). 

PART III: Data Recording
1.
Carefully remove the beaker from the hot plate. Turn off the hot plate.

[image: image10..pict]2.
Put the flask into the beaker of hot water. Use tongs to hold the flask down in the water.

3.
Put the Temperature Sensor into the hot water.

4.
When you are ready, record pressure and temperature measurements. 

•
(Hint: Click ‘Start’ in DataStudio or ‘REC’ in ScienceWorkshop.)

5.
Watch the Digits display to check the pressure and temperature. 

6.
Add ice to the hot water to lower the temperature.

7.
As the ice melts, add more to the water. Use the turkey baster to remove extra water so the level in the container stays about the same. 

8.
Continue to add ice to the water until the temperature reaches about 20˚ C, and then stop recording data. 

Analyzing the Data
[image: image11..pict]1.
Use the Graph display to determine whether or not the relationship of pressure and temperature is linear. 

•
In DataStduio, click ‘Fit’ and select ‘Linear’ from the menu. In ScienceWorkshop, click ‘Statistics’ and select ‘Curve Fit, Linear Fit’ from the ‘Statistics Menu’.

•
If the relationship is linear, the data will fit a straight line closely. In DataStudio, if the coefficient ‘r’ (coefficient of linear regression) is close to 1, the relationship is linear. In ScienceWorkshop, if the chi^2 value is close to zero, the relationship is linear.

2.
Use the Graph display’s built-in statistics to find the minimum and maximum temperature and the minimum and maximum pressure. 

3.
Use your observations and data to answer the questions in the Lab Report.

Record your results in the Lab Report section.

Equipment Clean Up

•
Check with your instructor about cleaning and putting away the equipment for this activity. 

Computer Shutdown

When you have finished, you have several options. 

1.
You can select ‘Quit’ from the ‘File’ menu to end the activity. 

2.
You can select ‘Save’ or ‘Save As…’ from the File menu to save your data for this activity. the changes you’ve made to the document. 

•
The original document is “locked”, so you should give your document a new filename.

3.
If you wish to go on to the next activity, select ‘Open…’ from the ‘File’ menu, and find the document for the next activity. 

Lab Report - Activity GS24: Pressure versus Temperature

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? 

Data Table


minumum
maximum

Temperature
  ˚C
˚C

Pressure
kPa
kPa

Questions

1.
What happens to the pressure as the temperature drops?

2.
Based on the Graph of Pressure vs. Temperature, what is the relationship between the pressure of a gas and the temperature of a gas that has a constant volume?

3.
If a gas is inside a closed container and the temperature of the gas increases, what do you predict will happen to the pressure of the gas?
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