What makes a greenhouse gas a greenhouse gas?
Notes for instructors, and possible answers to questions are in blue

Goals:  

· CONTRAST how greenhouse gases interact with visible and infrared radiation compared to major atmospheric constituents

· DESCRIBE what happens to photons that are absorbed and re-emitted by greenhouse gases

For this activity, you will use a computer simulation with which you can explore the interaction of different atmospheric gases with different types of radiation.

Getting started:  

1. Go to http://phet.colorado.edu/en/simulation/greenhouse
2. Click the “Run Now” button to start the simulation

3. Along the top, click on the “Photon Absorption” tab.

What to do:

1. Explore all the features of this simulation.  
These simulations are designed to be user friendly and it is recommended that you have students explore, rather than give them step-by-step exploring instructions.  

Activity 1: 

1. There are five atmospheric gases (CH4, CO2, H2O, N2, and O2) in the simulation.  Rank these five gases from BEST to WORST absorber of infrared photons.

a. Support your ranking:

i. Decide what kind of data you can collect using the simulation that could help you decide how to rank the gases.  You can try different approaches.  Make sure the data you decide to collect will be: 

1. Reproducible by others

2. Convincing to others

ii. Collect your data.  Be organized.  A data table will help.

iii. Report your approach, your data, and your final ranking (Worksheets on following pages)

2. Repeat #2, but this time rank the five gases from best to worst absorber of VISIBLE photons.  
See worksheets on following pages for possible answers

Activity 2: 

1. Set yourself up in the simulation to observe photons getting absorbed (you have a variety of setup options you might choose.).  

a. Decide what kind of data you can collect using the simulation to describe what happens to photons after they’re absorbed.  

b. Collect your data.  Be organized.  A data table will help.  

c. Report your approach, your data, and a written description of what happens to photons after they’re absorbed.  

See worksheets on following pages for possible answers
Answer these questions:  
1. Energy emitted by the sun is largely visible light.  Which of the five gases are good absorbers of light coming to Earth from the sun?
None of them are good absorbers of visible light. 

2. Energy emitted by the Earth is infrared radiation.  Which of the five gases are good absorbers of infrared radiation?
H2O, CO2, and CH4 are good absorbers of infrared radiation.  N2 and O2 are not.  

3. Of the five gases in the simulation, three are greenhouse gases and two are not.  According to your observations in the simulation, what features, both of behavior and chemical structure, differentiate greenhouse gases from other gases in the atmosphere? 
Behavior:  
Based on observations in the simulation:  The greenhouse gases (H2O, CO2, and CH4) absorb and re-emit some infrared photons, while N2 and O2 (the main constituents in the atmosphere) do not.  The absorption of a photon causes the greenhouse gas molecules to vibrate in various ways (not explored in this activity), and they then re-emit radiation in all directions.  (Also not explored here is the concept that they emit radiation of various wavelengths depending on their temperature). 
 
Molecular structure:
Also, molecular structure is different between the greenhouse and non-greenhouse gases.  The greenhouse gases in the simulation all have more than one chemical bond and include more than one element.  Their structures allow them to bend in various directions.  The non-greenhouse gases in the simulation have a single chemical bond and also each have only one element (N2, O2).  As an aside, some single-bond molecules that contain 2 elements (e.g. CO & NO) can absorb infrared radiation, but they don’t last long in Earth’s atmosphere and are therefore not important greenhouse gases themselves.  Also, molecules containing only one element, but more than one bond can be effective greenhouse gases (e.g. O3).  


4. Your observations in Activity 1 reveal which gases are greenhouse gases and which are not.  However, your rankings might or might not align with the relative contribution of each of these gases to the overall greenhouse effect for Earth.  What additional information would help you evaluate the relative impact of each of these gases in our atmosphere?  
We don’t know, from this activity, the relative concentrations of different greenhouse gases in Earth’s atmosphere, and we also don’t know the effect of adding one more molecule of any one of these gases.  For example, adding one more molecule of CO2 to the atmosphere, at its present atmospheric concentration, has a smaller immediate impact on the overall greenhouse effect than does adding one molecule of methane.   




This activity borrows from two activities posted at http://phet.colorado.edu/en/simulation/greenhouse  

(1) Traci Radil’s activity (http://phet.colorado.edu/en/contributions/view/3092) and 
(2) Greg Van Houten’s activity (http://phet.colorado.edu/en/contributions/view/3399)
NAME______________________________

Activity 1, section 1:  Best to Worst Absorbers of INFRARED Photons
Describe how you collected your data.  Your description should be clear enough that someone could repeat what you did.

Student descriptions of data collection should include:

1. The settings they used in the simulation.  

2. What observations they made, resulting in what kind of data.

3. Examples might be:

a. Select CH4 in the upper right, so that there’s one CH4 molecule in the middle of the box.  Make sure the “Infrared Photon” is checked on the photon generator (at left).  Move the slider on the photon generator just a little bit so that photons come out slowly enough to count.  Count how many times, out of 20 photons, the molecule wiggles when interacting with a photon.  Repeat for each of the 5 gases separately.  

b. OR Select “Build atmosphere”, then add as many CH4 molecules as possible (15).  Make sure the “Infrared Photon” is checked on the photon generator (at left).  Move the slider on the photon generator just a little bit so that photons come out fairly slowly.  Count how many times, in 30 seconds, photons exit the box through the right-hand wall (these can be either re-emitted photons, or photons that went straight through).  Repeat for each of the 5 gases separately.  

c. OR…students could think of other ways to collect data

Report your data here.  Create a clear table with appropriate labels.

Example (results WILL vary depending on what the student chose to do and what happened to happen in the simulation during their data collection.  Students will not all get the same data): 
	Gas
	# times out of 20 the molecule wiggled

	CH4
	10

	CO2
	9

	H2O
	7

	N2
	0

	O2
	0


What’s your final ranking?  Student results may vary!  It would be useful to collect the rankings from students and see whether there is dominantly one answer, and also the % of students who arrive at other answers, or with more ties between molecules.  
BEST absorber of infrared photons      ___CH4____

                                                                         ____CO2___

                                                                         ____H2O___

                                                                         ____N2___

WORST absorber of infrared photons ____O2___

NAME______________________________

Activity 1, section 2:  Best to Worst Absorbers of VISIBLE Photons
Describe how you collected your data.  Your description should be clear enough that someone could repeat what you did.

Student descriptions of data collection should include:

1. The settings they used in the simulation.  

2. What observations they made, resulting in what kind of data.

3. Examples might be (SAME AS ABOVE BUT WITH VISIBLE PHOTON RATHER THAN 

a. Select CH4 in the upper right, so that there’s one CH4 molecule in the middle of the box.  Make sure the “Visible Photon” is checked on the photon generator (at left).  Move the slider on the photon generator just a little bit so that photons come out slowly enough to count.  Count how many times, out of 20 photons, the molecule wiggles when interacting with a photon.  Repeat for each of the 5 gases separately.  

b. OR Select “Build atmosphere”, then add as many CH4 molecules as possible (15).  Make sure the “Visible Photon” is checked on the photon generator (at left).  Move the slider on the photon generator just a little bit so that photons come out fairly slowly.  Count how many times, in 30 seconds, photons exit the box through the right-hand wall (these can be either re-emitted photons, or photons that went straight through).  Repeat for each of the 5 gases separately.  

c. OR…students could think of other ways to collect data

Report your data here.  Create a clear table with appropriate labels.

Example (results WILL vary depending on what the student chose to do and what happened to happen in the simulation during their data collection.  Students will not all get the same data.  Well, actually in this part, they might all get the same data!): 
	Gas
	# times out of 20 the molecule wiggled

	CH4
	0

	CO2
	0

	H2O
	0

	N2
	0

	O2
	0


What’s your final ranking?  

BEST absorber of visible photons         _______

                                                                         _______

                                                                         _______

                                                                         _______

WORST absorber of visible photons    _______

They are all equally bad absorbers of visible photons.  None of them absorb any visible photons.  

NAME______________________________

Activity 2, section 1:  What happens to photons after they’re absorbed?  
Describe how you collected your data.  Your description should be clear enough that someone could repeat what you did.

Student descriptions of data collection should include:

1. The settings they used in the simulation.  

2. What observations they made, resulting in what kind of data.

3. Examples might be:

a. Select CH4 (or CO2 or H2O – one of the greenhouse gases) in the upper right, so that there’s one CH4 molecule in the middle of the box.  Make sure the “Infrared Photon” is checked on the photon generator (at left).  Move the slider on the photon generator just a little bit so that photons come out slowly enough to count.  For every photon that gets absorbed by the molecule, record which side of the box it exited (top, bottom, right, or left).  Count at least 30 photons.  

b. OR…students could think of other ways to collect data 

Report your data here.  Create a clear table with appropriate labels.

	Side of the box the re-emitted photon exited 
	# times out of 40 the re-emitted photon exited on this side

	Top
	12

	Bottom
	13

	Left
	5

	Right
	10


Describe (clearly, in complete sentences), what happens to photons after they’re absorbed.    

After photons are absorbed, they cause the molecule to wiggle, then a photon is re-emitted from the molecule.  The direction the photon is re-emitted could be any direction.  (Note: It appears that, in this simulation, more re-emitted photons seem to exit the top, bottom, and right side, than exit the left side.  This could be an unintended feature of the simulation and doesn’t reflect the concept that these photons get re-emitted in all directions)

