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Greenhouse Gases


Student Inquiry Worksheet


Greenhouse Gases

Driving Questions
How do greenhouse gases interact with the atmosphere and cause a temperature increase?
· Can we reproduce a greenhouse environment and study the effect of an introduced harmful gas?
· What are some possible solutions to global warming and ozone-depletion?

Background
Greenhouse Gases Absorb Incoming Solar Radiation

Carbon dioxide and methane are greenhouse gases – atmospheric gases that absorb reradiated energy from the earth’s surface and trap heat in the atmosphere. Solar radiation from the sun passes through the atmosphere and is partially absorbed by the earth’s surface. This energy is then reradiated from the surface of the planet in the form of longwarm infrared energy (IR). Some of this radiation passes through the atmosphere and into space, while greenhouse gases absorb the remainder, trapping heat in the atmosphere. This is called the greenhouse effect. Without greenhouse gases, the earth’s climate would be extremely cold and uninhabitable, and most life on this planet would be gone.

Many other types of greenhouse gases exist whose ability to trap heat in the atmosphere far exceeds carbon dioxide, methane, or water vapor. Chlorofluorocarbons (CFCs), for example, were used throughout the 20th century as a refrigerant and in common aerosol cans but were found to contribute heavily to ozone(O3) depletion by binding with oxygen atoms. In cases where CFCs were used as a propellant, they were replaced by difluoroethane and tetrafluoroethane. These compounds do not contribute to ozone-depletion to the same degree as CFC’s, but they are strong greenhouse gases.

Ozone-Depletion versus Global Warming Potential

Ozone-depletion and global climate change are two very distinct and different issues. Concerns over ozone-depletion are almost entirely biological and are directed at the effect of decreased protection against cancer-causing UV rays and decreased health of the polar environment rather than any increase in global temperatures. 

While one compound may be an ozone-depleting gas, it may not also be a greenhouse gas and vice versa. The latter is true in the case of tetra- and difluoroethane. Neither of these compounds have the ozone-depletion potential of CFCs, but their ability to trap heat in the atmosphere far exceeds that of carbon dioxide, with difluoroethane having a global warming potential of 1800 according to the Intergovernmental Panel on Climate Change (IPCC 1995). The global warming potential of a compound is its estimated contribution to global warming, relative to a scale that compares that compound to carbon dioxide (whose GWP is 1 by definition). NOAA (National Oceanic and Atmospheric Administration) estimates that global surface temperatures have risen between 0.5°C and 0.9°C during the 20th century, and in the last 50 years there has been an increase of 0.13°C per decade. These increases are small but they are significant.
Materials and Equipment
For each student or group:

	· Data collection system
	· Heating lamp 

	· Fast-response temperature probe 
	· Ring stand

	· EcoChamber with stoppers
	· Balance (1 per class)

	· Size 5 or 5 1/2 solid stoppers (2)
	· Canned keyboard duster (fresh)

	· Dark aquarium rocks or dark sand (approximately
	· Heavy-duty tape

	200 g)
	


Safety
Add these important safety precautions to your normal laboratory procedures:
· Pressurized cans of difluoroethane can become very cold, especially when inverted, and may burn your hands or even cause frostbite if propellant is continually released for long periods of time. Activate the can in short bursts only. Hold the can upright, and do not shake the can.

· Inhaling excessive concentrations of difluoroethane causes dizziness and can be fatal. Avoid direct inhalation. In addition, it is flammable. Use in a well-ventilated area and follow all safety precautions printed on the can.
Sequencing Challenge
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The steps below are part of the Procedure for this lab activity. They are not in the right order. Determine the proper order and write numbers in the circles that put the steps in the correct sequence. 
Procedure
After you complete a step (or answer a question), place a check mark in the box (() next to that step.

Note: When you see the symbol "�" with a superscripted number following a step, refer to the numbered Tech Tips listed in the Tech Tips appendix that corresponds to your PASCO data collection system. There you will find detailed technical instructions for performing that step. Your teacher will provide you with a copy of the instructions for these operations.

Set Up

1.
(
Start a new experiment on the data collection system. �(1.2)
2.
(
Set up the EcoChamber as indicated in the following steps. 

3.
(
Place 3 flat stoppers into the holes on the top of each EcoChamber. These stoppers have small holes to accommodate the temperature sensor. Plug two of these holes with the small rubber dowels. 

4.
(
Thread the temperature sensor through the hole in the last stopper on the lid of the chamber. Pull the temperature sensor through the stopper until the sensor hangs down approximately halfway in the chamber.

5.
(
Once the temperature sensor is in place, cover the hole with heavy-duty tape. 

6.
(
Connect the fast-response temperature probe to the data collection system. �(2.2)
7.
(
Measure out approximately 200 grams of aquarium rocks or enough to cover the bottom of each chamber. Place these in the chamber.

8.
(
Place the lid on the chamber, and stopper the holes on the sides of the chamber with solid stoppers (size 5 or 5 1/2 will work). If the stoppers are not solid, cover them with heavy-duty tape to ensure a good seal. 

9.
(
Why do you think the holes in the sides need to be sealed, as well as the extra hole in the top? 

10.
(
Position the heating lamp so that it will shine on the chamber, angled slightly downward to increase the amount of solar radiation hitting the rocks. Do not turn the light on yet.
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Collect Data

11.
(
Display Temperature on the y-axis of a graph with Time on the x-axis. �(7.1.10) 

12.
(
Turn on the lamp and begin recording data. �(6.2)
13.
(
After 5 minutes, turn the lamp off and continue to record data for 5 minutes more.

14.
(
Stop recording data. �(6.2)
15.
(
Adjust the scale of the graph. �(7.1.2) 

Set Up

16.
(
Open the EcoChamber and allow it to cool completely. You may want to replace the rocks with room temperature rocks, but use the same mass of rocks as you did before.
17.
(
If you decide to replace the rocks, why is it necessary to use the same amount of rocks as you used the first time?

18.
(
Replace the lid on the EcoChamber. Ensure that the temperature probe is hanging as it was in the first trial, and that the lamp and the chamber are positioned exactly as they were in the first trial.
19.
(
Place the plastic straw that accompanies the keyboard duster into the nozzle of the can. Do not shake the can. When the trigger is pulled, the propellant should leave the can in a steady, concentrated stream.
20.
(
Peel back the tape on the rubber stopper on the side of the chamber and place the straw of the keyboard duster into the hole. Fill the chamber with difluoroethane by pulling the trigger on the can in a series of short bursts. Keep the can upright while dispensing.
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21.
(
Begin recording data without turning on the lamp �(6.2) and continue to dispense the difluoroethane in short bursts.

22.
(
Watch the data carefully. Once the temperature inside the chamber is below the starting temperature of the control run, stop dispensing difluoroethane.

23.
(
Remove the straw and immediately plug the hole. 

24.
(
Watch the temperature on the graph. When the temperature is 2 to 3 degrees below the starting point of the first run, stop recording data. �(6.2) 
25.
(
Why is it necessary to wait for the experimental chamber to reach room temperature, or at least the same temperature as the control chamber?

26.
(
Hide this last run of data. �(7.1.7) You will not need it.
Collect Data 

27.
(
Turn on the light and begin data recording. �(6.2) 
28.
(
Collect data for 5 minutes under the lamp. Then, turn off the light and continue to collect data for an additional 5 minutes while the chamber cools.

29.
(
Stop data recording. �(6.2) 
30.
(
Adjust the scale of the graphs if necessary. �(7.1.2) 

31.
(
Save your experiment. �(11.1) 

Data Analysis
1.
(
Find the initial, final, maximum, and change in temperature for both chambers �(9.1) and enter this data in Table 1. 

Table 1: Temperature data
	Chamber
	Initial Temp.
°C
	Maximum Temp. 
°C
	Increase in Temp. 
°C
	Final Temp. 
°C
	Change in Temp. 
°C

	Control (air)
	
	
	
	
	

	Experimental (difluoroethane)
	
	
	
	
	


2.
(
What is the change in temperature for the heat gain in both cases after the light was turned on?

3.
(
What was the change in temperature for the heat loss in both cases after the light was turned off?

4.
(
Which system retained heat longer? How do you know?

5.
(
How did the change in temperature from initial to final temperature for the experimental run compare to the change in temperature for the control run?

Analysis Questions

1.
How significant are the differences that you observed in heat retention and maximum temperature?

2.
In analyzing this data, which of the following is more valuable to compare: the overall change in temperature, the heating change in temperature, the cooling change in temperature, or the difference in maximum temperatures? Explain your reasoning.

3.
In what ways can you use the results from this demonstration to predict the effects of this gas on the atmosphere?

4.
In what ways does this demonstration fail to predict what effect this gas would have on the atmosphere?

Synthesis Questions
Use available resources to help you answer the following questions.

1.
Considering the severity of the IR absorption of the difluoroethane and its increased ability to trap heat, why are scientists so concerned about carbon dioxide and not gases like difluoroethane and other man-made gases?
2.
In some cases, one solution to an environmental problem can result in another environmental problem. In this case, ozone-depleting chlorofluorocarbons (CFCs) were replaced by tetrafluoroethane, which contributes to global warming. What are some ways to avoid this situation?

3.
At your home, examine canisters and other sources of propellants to see what, if any, greenhouse gases discussed in this lab may be contained within those canisters. Make a list of the products here, and the propellants they contain.

Multiple Choice Questions

Select the best answer or completion to each of the questions or incomplete statements below.

1.
Which of the following is NOT true of chlorofluorocarbons (CFCs)? 
A.
CFCs were commonly used as propellants and refrigerants. 

B.
CFCs are extremely toxic and harmful to human health.

C.
CFCs cause ozone-depletion and contribute to the growing of the hole in the ozone layer.

D.
CFCs are greenhouse gases associated with increased global warming trends.

E.
All of the above are true.

2.
Atmospheric pollution affects which area(s) of the atmosphere? 
A.
Mesosphere

B.
Stratosphere
C.
Troposphere
D.
Ionosphere

E.
B and C

3.
What makes a gas an ozone-depleting gas?

A.
The gas will re-radiate longwave infrared energy into the ozone.

B.
The gas will absorb ozone molecules.

C.
The gas will bind with one of the oxygen atoms in the molecule, reducing it to O2.

D.
 Ozone-depletion only occurs when temperatures rise and the atmosphere warms up.

E.
 Any gas can become an ozone-depleting gas if there is enough of it.

4.
What is the main cause of atmospheric warming from greenhouse gases?
A.
Greenhouse gases usually have a high specific heat and get very hot.

B.
Greenhouse gases make the atmosphere much thicker and more polluted, so they trap the sun's direct rays and warm the air.

C.
Greenhouse gases absorb and re-emit IR waves that enter the atmosphere from the sun.

D.
Greenhouse gases absorb and re-emit IR waves that are radiated from Earth's surfaces.

E.
None of the above are true.

5.
Why is difluoroethane used in place of chlorofluorocarbons today as a propellant?
A.
Difluoroethane is much less of an ozone-depleter than chlorofluorocarbons.

B.
Difluoroethane is much less of a greenhouse gas than chlorofluorocarbons.

C.
Even though difluoroethane is more of a greenhouse gas, it was chosen because it is less of an ozone-depleter than chlorofluorocarbons.

D.
All of the above are true.

E.
Both A and C are true.

Key Term Challenge
Fill in the blanks from the list of randomly ordered words in the Key Term Challenge Word Bank.
1.
Carbon dioxide and methane are greenhouse gases – atmospheric gases that absorb reradiated energy from the earth’s surface and trap heat in the atmosphere. Solar radiation from the sun passes through the _________________ and is partially absorbed by the earth’s surface. The heat that is absorbed by the ground is radiated to the atmosphere in the form of _________________ radiation (IR), It is this longwave _________________ energy that greenhouse gases can trap and re-emit to _________________ the atmosphere even further.

2.
Many other types of greenhouse gases exists whose ability to trap heat in the atmosphere far exceeds _________________, _________________, or _________________. Chlorofluorocarbons, for example, were used throughout the 20th century as refrigerants and in common _________________ cans but were found to contribute heavily to ozone-depletion. In cases where CFCs were used as a propellant, they were replaced by _________________ and tetrafluoroethane. 

3.
It is possible that a compound may be a greenhouse gas, without actually depleting the ozone layer as badly as CFC’s. This is true for _________________ and difluoroethane. Neither of these compounds have the ozone-depletion potential of CFCs, but their ability to trap _________________ in the atmosphere far exceeds that of carbon dioxide, with _________________ having a global warming potential _________________ of 1800. The global warming potential of a compound is its estimated _________________ to global warming. Many other types of greenhouse gases have a GWP greater than that of _________________, but they are available in such _________________ quantities that they are not considered an immediate _________________ to global warming.

Key Term Challenge Word Bank
	Paragraph 1

greenhouse gases

greenhouse warming

cooling

warm

shortwave

longwave

electromagnetic

radiant
	Paragraph 2

oxygen

chlorofluorocarbons

carbon dioxide

ozone depletion

hydrocarbons

water vapor

difluoroethane

gasoline

methane

aerosol
	Paragraph 3

tetrafluoroethane

chlorofluorocarbons

ozone 

difluoroethane

GWP

carbon dioxide

heat

large

small

threat








Collect data again for 5 minutes of heating and 5 minutes of cooling. Compare your results.














Introduce the tetrafluoroethane into the chamber and reseal it tightly.














Collect data for 5 minutes of heating and 5 minutes of cooling.











Set up the EcoChamber and insert one fast-response temperature probe into one hole on the top of the chamber.











Seal off all remaining holes in the Ecochamber with stoppers and heavy duty tape.
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