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Green Chemistry & Sustainable Science



Curriculum Unit Overview
This curriculum unit was designed to connect the issues around climate change back to science and specifically to chemistry concepts. The term “greenhouses gases” has turned into a political statement rather than a scientific concept. This unit aims to bring the chemistry back into the issue of climate change and provide students with an understanding of the chemistry behind climate change models, predictions and policy.

Lesson Overview
Part 1: Climate Change Opinions
· This lesson is designed to get all of the opinions about Climate Change out on the table up front.
· A rich discussion should ensue regarding scientific information and for opinions to be formed based on this information

Part  2: Discover how greenhouse gases (GHG) contribute to the greenhouse effect 
· Disscussion questions and PPT to explore the behavior of gases and IR Radiation
· Students make models of atmospheric gases and look at the way they move as compared to the way that the bonds interact in the other molecules of gas in the non-greenhouse gases?
· Students identify greenhouse gases
· Students look at GWP numbers and identify the greenhouse gases that most need to be remediated
· Students investigate Hydroflourocarbons

Part  3: Green chemistry and climate change
	Biodeisel unit + industry example for CO2
		

Part 4: (Optional) Ice cores –
Students construct ice cores over time and bring them into school to share and discuss. Students write an “ice core story” that explains their ice core and how and the significance of the substances that they used to symbolize these time periods.

NGSS Standards Met: 
· HS-ESS2-2. Analyze geoscience data to make the claim that one change to Earth’s surface can create feedbacks that cause changes to Earth’s systems. 
· HS-ESS2-4. Use a model to describe how variations in the flow of energy into and out of Earth’s systems result in changes in climate. 
· HS-ESS3-6. Use a computational representation to illustrate the relationships among Earth systems and how those relationships are being modified due to human activity.
· HS-ETS1-3.  Evaluate a solution to a complex real-world problem based on prioritized criteria and tradeoffs that account for a range of constraints including cost, safety, reliability, and aesthetics as well as potential social, cultural and environmental impacts.
The Climate and your Opinions

Lesson 1 in the Climate Change Chemistry Unit
* modified from the university of Tennessee’s “Take a Stand” activity

Objectives: Students will …
· Define their own stance on controversial topics.
· Actively listen to a variety of perspectives.
· Understand different perspectives.

Materials (for a class of 32):
· 32 copies of Opinion Activity Student Sheet
· Pencils or pens
· Signs for “Strongly Agree”, “Agree”, “Undecided”, “Disagree”, and “Strongly Disagree”

Time Required: 30 minutes 

Procedure:
IN CLASS
· Give each student the Climate Change Opinions Student Sheet and have him or her circle the option that best represents their opinion.
· Instruct the students not to write their names on the sheets.
· Have students fill out the sheet stressing that their answers should reflect their own opinions only. 
· Have the students form a human graph for each answer on the sheet where they stand in front of the sign which best represents their opinion on the question. 
· Have students talk about their answer and why they have that particular opinion.If you have time you may want to let everyone speak but you may also just pick one student from each answer group for each question.
· *It is important here that as the teacher you show your impartiality. This activity is about the students being able to express their opinions in a safe environment so you shouldn’t refute ANYTHING they have to say.
· IMPORTANT!  This is not a debate.  Do not allow students to compete—this is a point-counterpoint style.  Each line gets one opportunity to share their opinion.  
· When you get to question 4 have the students switch papers as least twice so that they don’t know whose paper they now have. 
· For questions 4 through 8 have the students answer each questions based upon the answer they have on the sheet they now have. They must stand in that person’s shoes and try to figure out why that person would have that opinion. 
· Ask students if based upon the opinions of others would they change the original answers that they put on their sheet?
· Most groups will say no. Explain to students that talking doesn’t really educate people well to these issues as they are science-based but learning the important science behind the issues can really clarify opinions and better lead to positive action for society. 
· Explain to students that everyone has opinions about Climate Change and Global warming due to the information that we receive about the subject, but that it is important to understand the science behind the issue in order to really be able to solve problems and not merely to have opinions. 
· Explain to students that as a class you are going to study the chemistry behind climate change in order to be better able to answer these questions and that you will revisit the questions at the end of the unit. Go outside.  Use signs to create a Lichert scale on the ground, ranging from strongly agree to strongly disagree.







Opinion Activity: Student Sheet
Circle the answer that best represents your opinion

	STRONGLY AGREE (SA)
	AGREE (A)
	UNDECIDED (U)
	DISAGREE (D)
	STRONGLY DISAGREE
(SD)



1.	Global warming is caused by human actions

	SA		A		U		D		SD

2.	The problem in the make-up of the earth’s atmosphere is Carbon Dioxide

	SA		A		U		D		SD
3.	The best action I can take in order to help stop global warming is to buy a hybrid car

	SA		A		U		D		SD
4.	Global warming is mainly an issue studied by politicians

	SA		A		U		D		SD
5.	The green house effect has to be stopped

	SA		A		U		D		SD
6.	Global Warming is a myth and has not been scientifically proven

	SA		A		U		D		SD
7.	Green house gases are bad for the environment

	SA		A		U		D		SD
8.	It is hard to believe that the earth is warming because we just had such a severe winter

	SA		A		U		D		SD




What is the greenhouse effect and what are greenhouse gases?

Lesson 2 in the climate change unit

Background: Global warming potential (GWP) is a measure of how much a given mass of greenhouse gas is estimated to contribute to global warming. It is a relative scale which compares the gas in question to that of the same mass of carbon dioxide (whose GWP is by convention equal to 1). A GWP is calculated over a specific time interval and the value of this must be stated whenever a GWP is quoted or else the value is meaningless.

Objectives: Students will …
· Build their own human models of atmospheric gases * You can have your students build molecular models from kits if you believe it to be more effective.
· Determine which gases are greenhouse gases based upon background information on the greenhouse effect and the role of gases
· Understand the concept of Global Warming Potential (GWP)

Materials:
· Copies of students sheets
· Optional: molecular model kits

Time Required: 1 x 45-60 minute class period 

Procedure:
· Show students the Chemistry of Climate Change PowerPoint presentation up until slide number 14. *there are notes pages which should help with this lecture piece of the lesson but you should thoroughly review the information prior to the class period. 
· Have students get into groups of 2 or 3.
· Hand out the student sheet and review.
· Have students work though the sheet and discuss their findings
· Have the students model using their bodies, how these molecules react to IR Radiation and explain why. 
Imagine a person’s head and torso to be an oxygen atom, joined to their clenched fists (the hydrogen atoms) by their outstretched arms, which represent the bonds. The arms can be waved up and down, like a flying motion. If the fists are moved in and out towards the head, by bending the arms then it shows how else the atoms can interact.
Keeping the arms rigid, horizontal at head height and then moving the fists towards one another like a big nutcracker, demonstrates the third way in which the molecule can vibrate?

· Hand out the recognized list of greenhouse gases and explain the concept of Global Warming Potential. Explain to students that this list is what scientists use to decide what new inventions to work on in order to mitigate climate change. 
· Work students through the following problem to have them understand an example of their own impact upon climate change by using the example of CO2 emissions from a car journey. You can let them do this in groups or do it as a class on the board. 
You are going to a Lady Gaga concert and it is quite a drive. You have figured out that you will need to buy 50L of fuel (ethanol) in order to make it there and back in your car. How many kilograms of carbon dioxide are produced by a car trip that uses 50L of fuel (ethanol)?
1. First we have to look up the formula for ethanol... C2H5OH
2. Then we write the balanced equation for the combustion of ethanol:
C2H5OH + 3 O2 --> 2 CO2 + 3 H2O 
3. We need to find the density of ethanol to convert 50L into grams:
m = 50L x 0.789g/mL = 50 000mL x 0.789g/mL = 39 450g 
4. With the mass of ethanol, and calculating its molar mass (46g/mol) we can figure out how many moles of ethanol there are in 50L of ethanol.
n = 39450g / 46g = 858mol
5. Then we use our balanced equation to figure out the number of moles of carbon dioxide formed.
ratio of ethanol to carbon dioxide is : 1 to 2
therefore number of carbon dioxide produced would be 858mol x 2 = 1715mol
6. This we can convert to the mass of carbon dioxide using its molar mass (44g/mol)
m = 1715mol x 44g/mol = 75460g = 75.46kg of carbon dioxide

Atmospheric Gases

Name_____________________________________  Class period_______

1.Draw (be sure to properly name each gas) and then create a 3d representation of the following atmospheric gases using the bodies of the people in your group.
	
	Oxygen
	

	Water


	Nitrogen


	Argon


	Carbon Dioxide


	Methane


	Nitrous Oxide


Remember that molecules are not rigid entities, they move and are meant to be moved so play with your molecules and shake them around a bit!

2. Which gases do you think are greenhouse gases?






3. Give a detailed explanation of why you came to this conclusion?





4. Which of these gases do you think has the most impact on the greenhouse effect? Why?
Hint: The following reflects the make-up of the atmosphere:

	4
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               nitrogen (N2), 77%

molecular oxygen (O2), 21%

water vapor (H2O), 1%
               argon (Ar), 0.93%

carbon dioxide (CO2), 0.035%

methane (CH4), traces


List of Recognized Green House Gases
This list of greenhouse gases is an exact extract from the IPPC Report: 
Working Group I: The Physical Science Basis of Climate Change. Technocal Summary, pp. 33 - 34. Retrieved from: 
http://ipcc-wg1.ucar.edu/wg1/Report/AR4WG1_Print_TS.pdf on June 17, 2008 

	Industrial Designation 
or Common Name 
	Chemical 
Formula 
	Lifetime (years) 
	Radiative Efficiency 
(W m–2 ppb–1) 
	Global Warming Potential for 
Given Time Horizon 

	
	
	
	
	SAR‡
(100-yr)
	20-yr 
	100-yr 
	500-yr 

	 
	 
	
	
	
	
	
	

	Carbon dioxide 
	CO2 
	See below a
	b 1.4x10–5 
	1 
	1 
	1 
	1 

	Methane c 
	CH4 
	12 c 
	3.7x10–4 
	21 
	72 
	25 
	7.6 

	Nitrous oxide 
	N2O 
	114 
	3.03x10–3 
	310 
	289 
	298 
	153 

	Substances controlled by the Montreal Protocol 

	CFC-11 
	CCl3F 
	45 
	0.25 
	3,800 
	6,730 
	4,750 
	1,620 

	CFC-12 
	CCl2F2 
	100 
	0.32 
	8,100 
	11,000 
	10,900 
	5,200 

	CFC-13 
	CClF3 
	640 
	0.25 
	
	10,800 
	14,400 
	16,400 

	CFC-113 
	CCl2FCClF2 
	85 
	0.3 
	4,800 
	6,540 
	6,130 
	2,700 

	CFC-114 
	CClF2CClF2 
	300 
	0.31 
	
	8,040 
	10,000 
	8,730 

	CFC-115 
	CClF2CF3 
	1,700 
	0.18 
	
	5,310 
	7,370 
	9,990 

	Halon-1301 
	CBrF3 
	65 
	0.32 
	5,400 
	8,480 
	7,140 
	2,760 

	Halon-1211 
	CBrClF2 
	16 
	0.3 
	
	4,750 
	1,890 
	575 

	Halon-2402 
	CBrF2CBrF2 
	20 
	0.33 
	
	3,680 
	1,640 
	503 

	Carbon tetrachloride 
	CCl4 
	26 
	0.13 
	1,400 
	2,700 
	1,400 
	435 

	Methyl bromide 
	CH3Br 
	0.7 
	0.01 
	
	17 
	5 
	1 

	Methyl chloroform 
	CH3CCl3 
	5 
	0.06 
	
	506 
	146 
	45 

	HCFC-22 
	CHClF2 
	12 
	0.2 
	1,500 
	5,160 
	1,810 
	549 

	HCFC-123 
	CHCl2CF3 
	1.3 
	0.14 
	90 
	273 
	77 
	24 

	HCFC-124 
	CHClFCF3 
	5.8 
	0.22 
	470 
	2,070 
	609 
	185 

	HCFC-141b 
	CH3CCl2F 
	9.3 
	0.14 
	
	2,250 
	725 
	220 

	HCFC-142b 
	CH3CClF2 
	17.9 
	0.2 
	1,800 
	5,490 
	2,310 
	705 

	HCFC-225ca 
	CHCl2CF2CF3 
	1.9 
	0.2 
	
	429 
	122 
	37 

	HCFC-225cb 
	CHClFCF2CClF2 
	5.8 
	0.32 
	
	2,030 
	595 
	181 

	Hydrofluorocarbons 

	HFC-23 
	CHF3 
	270 
	0.19 
	11,700 
	12,000 
	14,800 
	12,200 

	HFC-32 
	CH2F2 
	4.9 
	0.11 
	650 
	2,330 
	675 
	205 

	HFC-125 
	CHF2CF3 
	29 
	0.23 
	2,800 
	6,350 
	3,500 
	1,100 

	HFC-134a 
	CH2FCF3 
	14 
	0.16 
	1,300 
	3,830 
	1,430 
	435 

	HFC-143a 
	CH3CF3 
	52 
	0.13 
	3,800 
	5,890 
	4,470 
	1,590 

	HFC-152a 
	CH3CHF2 
	1.4 
	0.09 
	140 
	437 
	124 
	38 

	HFC-227ea 
	CF3CHFCF3 
	34.2 
	0.26 
	2,900 
	5,310 
	3,220 
	1,040 

	HFC-236fa 
	CF3CH2CF3 
	240 
	0.28 
	6,300 
	8,100 
	9,810 
	7,660 

	HFC-245fa 
	CHF2CH2CF3 
	7.6 
	0.28 
	
	3,380 
	1,030 
	314 

	HFC-365mfc 
	CH3CF2CH2CF3 
	8.6 
	0.21 
	
	2,520 
	794 
	241 

	HFC-43-10mee 
	CF3CHFCHFCF2CF3 
	15.9 
	0.4 
	1,300 
	4,140 
	1,640 
	500 

	Perfluorinated compounds 

	Sulphur hexafluoride 
	SF6 
	3,200 
	0.52 
	23,900 
	16,300 
	22,800 
	32,600 

	Nitrogen trifluoride 
	NF3 
	740 
	0.21 
	
	12,300 
	17,200 
	20,700 

	PFC-14 
	CF4 
	50,000 
	0.10 
	6,500 
	5,210 
	7,390 
	11,200 

	PFC-116 
	C2F6 
	10,000 
	0.26 
	9,200 
	8,630 
	12,200 
	18,200 

	PFC-218 
	C3F8 
	2,600 
	0.26 
	7,000 
	6,310 
	8,830 
	12,500 

	PFC-318 
	c-C4F8 
	3,200 
	0.32 
	8,700 
	7,310 
	10,300 
	14,700 

	PFC-3-1-10 
	C4F10 
	2,600 
	0.33 
	7,000 
	6,330 
	8,860 
	12,500 

	PFC-4-1-12 
	C5F12 
	4,100 
	0.41 
	
	6,510 
	9,160 
	13,300 

	PFC-5-1-14 
	C6F14 
	3,200 
	0.49 
	7,400 
	6,600 
	9,300 
	13,300 

	PFC-9-1-18 
	C10F18 
	>1,000 d 
	0.56 
	
	>5,500 
	>7,500 
	>9,500 

	trifluoromethyl sulphur pentafluoride 
	SF5CF3 
	800 
	0.57 
	
	13,200 
	17,700 
	21,200 

	Fluorinated ethers 

	HFE-125 
	CHF2OCF3 
	136 
	0.44 
	
	13,800 
	14,900 
	8,490

	HFE-134 
	CHF2OCHF2 
	26 
	0.45 
	
	12,200 
	6,320 
	1,960 

	HFE-143a 
	CH3OCF3 
	4.3 
	0.27 
	
	2,630 
	756 
	230 

	HCFE-235da2 
	CHF2OCHClCF3 
	2.6 
	0.38 
	
	1,230 
	350 
	106 

	HFE-245cb2 
	CH3OCF2CHF2 
	5.1 
	0.32 
	
	2,440 
	708 
	215 

	HFE-245fa2 
	CHF2OCH2CF3 
	4.9 
	0.31 
	
	2,280 
	659 
	200 

	HFE-254cb2 
	CH3OCF2CHF2 
	2.6 
	0.28 
	
	1,260 
	359 
	109 

	HFE-347mcc3 
	CH3OCF2CF2CF3 
	5.2 
	0.34 
	
	1,980 
	575 
	175 

	HFE-347pcf2 
	CHF2CF2OCH2CF3 
	7.1 
	0.25 
	
	1,900 
	580 
	175 

	HFE-356pcc3 
	CH3OCF2CF2CHF2 
	0.33 
	0.93 
	
	386 
	110 
	33 

	HFE-449sl (HFE-7100) 
	C4F9OCH3 
	3.8 
	0.31 
	
	1,040 
	297 
	90 

	HFE-569sf2 (HFE-7200) 
	C4F9OC2H5 
	0.77 
	0.3 
	
	207 
	59 
	18 

	HFE-43-10pccc124 (H-Galden 1040x) 
	CHF2OCF2OC2F4OCHF2 
	6.3 
	1.37 
	
	6,320 
	1,870 
	569 

	HFE-236ca12 (HG-10) 
	CHF2OCF2OCHF2 
	12.1 
	0.66 
	
	8,000 
	2,800 
	860 

	HFE-338pcc13 (HG-01) 
	CHF2OCF2CF2OCHF2 
	6.2 
	0.87 
	
	5,100 
	1,500 
	460 

	Perfluoropolyethers 

	PFPMIE 
	CF3OCF(CF3)CF2OCF2OCF3 
	800 
	0.65 
	
	7,620 
	10,300 
	12,400 

	Hydrocarbons and other compounds – Direct Effects 

	Dimethylether 
	CH3OCH3 
	0.015 
	0.02 
	
	1 
	1 
	<<1 

	Methylene chloride 
	CH2Cl2 
	0.38 
	0.03 
	
	31 
	8.7 
	2.7 

	Methyl chloride 
	CH3Cl 
	1.0 
	0.01 
	
	45 
	13 
	4 



Notes: 

‡ SAR refers to the IPCC Second Assessment Report (1995) used for reporting under the UNFCCC.

a The CO2 response function used in this report is based on the revised version of the Bern Carbon cycle model 


Greenhouse Gases

Teacher Background:
This lab uses the most commonly known greenhouse gases to illustrate to students how greenhouse gases behave. This is a simple experiment but serves to prove what the students hypothesized about in the previous lesson. This is an important way to instill the scientific method and to make chemistry concepts real for students. There are lab activities written for classrooms where other greenhouse gases are experimented with. As green chemists we choose not to use methane, nitrous oxide or fluorinated gases in the classroom. 

An equilibrium in the atmosphere is reached where the amount of radiation coming in is matched by
the radiation escaping from the atmosphere, resulting in a fairly stable temperature and climate.
Anthropogenic (man-made) emissions are believed to be changing the composition of the atmosphere, both by adding additional amounts of gases naturally present, such as carbon dioxide and methane and
also by the introduction of gases which do not occur naturally, such as CFCs (chlorofluorocarbons).

It is important to differentiate between the natural greenhouse effect, which is essential for life to
exist, and the enhanced greenhouse effect . This is the additional effect caused by the anthropogenic emissions and it is what is generally thought to be causing climate change. 

Goal: To develop student knowledge of how greenhouse gases work to heat the earth’s atmosphere. 

Materials: Per group
· 3 thin sandwich baggies (thicker bags don’t show desired results so think cheap or think green!) 
· packaging tape 
· 2 non-mercury thermometers per group
· Hydrogen peroxide 3% soln (6% works better)
· Yeast
· Lightbulb
· lamp stand 

Teacher Procedure:
· Explain to the students that in the last lesson they learned about atmospheric gases and how they affect the earth’s atmosphere. Today they will be proving their findings as concerns oxygen, carbon dioxide and nitrogen
· Hand out the students lab sheet and review
· Have students perform the lab  and record their data on the student sheet
· Ask the students/student groups share their data and compile a class average.
· Ask the students what they think is happening.
· Fully debrief the activity 


Student Sheet (O2)

Procedure:
Collect the following materials:
· 1sandwich baggie 
· 1 piece of packaging tape 
· 2 non-mercury thermometers per group
· Hydrogen peroxide 3% soln (6% works better)
· Yeast
· Lightbulb
· lamp stand 

O2 Generation.  H2O2 + catalyst  H2O + O2 + catalyst
· Obtain and wash out reused bag.
· Add 50 mL of H2O2 into bag.
· Also add one scoopula of bakers yeast into the bag without mixing it with the H2O2.
· Place thermometer into bag avoiding touching the liquid as well.
· Seal entire top with tape around thermometer.
·  Mix in yeast.
· Place base of both thermometers 5cm from light bulb.
· Place white paper under light. Record temperature data every 5 minutes.

Individual Data
	Your media
	0 min
	5 min
	10 min
	15 min
	20 min

	O2
	
	
	
	
	

	Control
	
	
	
	
	


Class Data (average results)
	
	0 min
	5 min
	10 min
	15 min
	20 min
	25 min

	Control
	
	
	
	
	
	

	O2
	
	
	
	
	
	

	N2
	
	
	
	
	
	

	CO2
	
	
	
	
	
	








Student Sheet (CO2)

Collect the following materials:
· 1sandwich baggie 
· 1 piece of packaging tape 
· 2 non-mercury thermometers per group
· Hydrogen peroxide 3% soln (6% works better)
· Yeast
· Lightbulb
· lamp stand 

Procedure:
CO2 generation
· Take the sandwich bag
· Breathe in and out repeatedly into the bag for 10 breaths. (safety note:  students with impaired breathing ability shouldn’t do this, students shouldn’t share bags, could cause hyperventilation if done excessively. Bags should not be large enough to fit over head.)
· Place thermometer into bag.
· Seal entire top with tape around thermometer.
· Wait for 3 min
· Place 5cm from light bulb.
· Record temperature data every 5 minutes.

Individual Data
	Your media
	0 min
	5 min
	10 min
	15 min
	20 min

	CO2
	
	
	
	
	

	Control
	
	
	
	
	



Class Data (average results)
	
	0 min
	5 min
	10 min
	15 min
	20 min
	25 min

	Control
	
	
	
	
	
	

	O2
	
	
	
	
	
	

	N2
	
	
	
	
	
	

	CO2
	
	
	
	
	
	





Student Sheet (N2)

Collect the following materials
· 1sandwich baggie 
· 1 piece of packaging tape 
· 2 non-mercury thermometers per group
· Lightbulb
· lamp stand 

Procedure:
N2 generation.
· Open sandwich bag to maximum capacity.
· Place thermometer into bag.
· Seal entire top with tape around thermometer.
· Place 5cm from light bulb.
· Record temperature data every 5 minutes.
Individual Data
	Your media
	0 min
	5 min
	10 min
	15 min
	20 min

	N2
	
	
	
	
	

	Control
	
	
	
	
	



Class Data (average results)
	
	0 min
	5 min
	10 min
	15 min
	20 min
	25 min

	Control
	
	
	
	
	
	

	O2
	
	
	
	
	
	

	N2
	
	
	
	
	
	

	CO2
	
	
	
	
	
	



Questions 

1. What are other ways to produce CO2?

2. What are other ways to produce O2? 


3. Why is Nitrogen collected just from our air?

4. What was the purpose of waiting for 3 minutes in the CO2 (before placing under the light)?

5. Which test involves a chemical reaction and why?

6. What was the purpose of always using a control?

7. What may happen if you placed a black piece of paper under your experiment?


8. What gas has the greatest temperature rise in the baggies?

9. Why does light make you feel warm? 

10. Look at the 12 principles of Green Chemistry, what principles do you think apply to this lab? 

Conclusion discussion (teacher notes)
1. What is an alternative method of CO2 production? 
a. NaHCO3 (baking soda) and HC2H3O2 (acetic acid)
b. Ca2CO3 (calcium carbonate) and HCl (hydrochloric acid) This is potentially less harmful than getting students to blow into bags AND the bags can be reused because no saliva is on it
c.  (principles of green chemistry we are generating CO2 through respiration rather then combustion, using chemicals that would be utilized. Could use calcium carbonate with hydrochloric acid however this is not green by design due to the use of hydrochloric acid and produces inorganic waste adding to the water outflow even though this is relatively benign this method is already done by students existing!, an acid base neutralization reaction) 

2. What is an alternative method for O2 production?  
a. photosynthesis naturally produces O2 ( biomimicry?)
b. could use other catalyst (KI) but consider the implications of their waste and disposal

3. Look up the principles of Green Chemistry, what principles do you think apply to this lab? 
a. Principle #1: Prevention – not too many waste products are produced
www.beyondbenign.org/greenchemistry/greenchem.html
	
4. What gas has the greatest temperature rise in the baggies?
a. CO2 should have the largest temp increase

5. What was the purpose of waiting for 3 minutes in the CO2 (before placing under the light)?
a. To let the warm CO2 equilibrate with the ambient temp.

6. Why is Nitrogen collected just from our air?
a. b/c our air is approx. 79% N2

7. What was the purpose of always using a control?
a. To show that data is comparable and to show that these gases actually increase temp absorption

8. What may happen if you placed a black piece of paper under your experiment?
a. Black would absorb the light energy and not reflect it. You can connect this to explain that black is representative of portions of the Earth being covered by vegetation whereas the white paper represents show caps and cloud cover. Therefore you temperatures would not increase as much.

Why are greenhouse gases, greenhouse gases? 

Check for understanding

1. What are some properties of molecules that could cause them to interact with light differently then each other?

2. What makes each of these molecules different?


3. Explain the difference between natural and enhanced greenhouse effect?

4. What do you do to enhance the greenhouse effect?


5. Hypothesize why some molecules interact with Infra Red light and others don’t?


Why are greenhouse gases, greenhouse gases?


· What are some properties of molecules that could cause them to interact with light differently then each other?

InfaRed radiation increases molecular vibration between the bonds. This adds energy which results in a increase of temperature. 


[image: ]


· What makes each of these molecules different? (Look at Lewis dot structures and bonds, these different bonds interact with the frequency of the light in the IR spectrum to vibrate faster, which translates into heat generation. May need to explain the dipole moment. The asymmetry of the molecule results in the situations (see below)

[image: ]
[image: O2] [image: N2]
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·  Explain the difference between natural and enhanced greenhouse effect?
There is a natural balance between CO2 production via cellular respiration and O2 production via photosynthesis. An enhanced greenhouse effect results from too many CO2 molecules been added to the system. This imbalance results in too much carbon in the atmosphere and contributes to acidification, rising surface temperatures, and more.

·  What do you do to enhance the greenhouse effect?
Answers will vary but may include: type of food consumed (meat over veg), lifestyle with technology, transportation methods (always in car), waste production

·   Hypothesize why some molecules interact with Infra Red light and others don’t?
Answers will vary.

· A molecule’s reactivity to IR depends on: the strength, type and the number of bonds and the size of the molecule.


Enrichment questions:
1. Draw the molecular structure for each of these molecules.
a. See above



2. Why does water on earth contribute to cooling?
b. Cloud cover reflects UV light at higher altitudes



3. Balance the chemical reaction completed: 
c.  2H2O2  O2 +2H2O
d. 6O2 + C6H12O6  6CO2 + 6H2O

Hydrofluorocarbons

Lesson 3: SOUNDS COOL!
The Ben & Jerry's Project 
A prototype thermoacoustic chiller has been designed, constructed and tested that has a greater power density than any other electrically driven thermoacoustic refrigerator to date. The prototype machine, which is 10 inches (25.4 cm) in diameter and about 19 inches (48.3 cm) tall, has a cooling capacity of 119 W at a temperature of -24.6 ºC. The overall coefficient-of-performance (defined as the ratio of the cooling capacity to the electrical power consumption) of the chiller is measured to be 0.81 or 19% of the Carnot COP at the capacity and temperature listed above. For more information about how this machine moves heat and more performance data, see the paper in Acoustic Research Letters Online (ARLO) published by the Acoustical Society of America.
[image: bjsprototype]A cut-away solid model of the entire machine is shown on the right and a cross-sectional view is shown on the left. The cold heat exchanger (dark grey) is identical to the hot heat exchanger and is contained within a thermally-insulating Ultem plastic plate (brown). The cold heat exchanger plate is in contact with the “platform” plate (yellow) that contains the regenerator and sensor signal lines. A second thermally-insulating Ultem plastic plate (green) provides the contoured plenum space that directs the oscillating cold helium gas in and out of the thermal buffer spaces (“windows”) through the platform. A solid stainless steel plate (dark grey) is used to seal the platform, cold heat exchanger plate, and plenum plate to the pressure vessel (green) and provide the force necessary to resist the 10 atmospheres of internal helium gas pressure. Enclosing the hot heat exchanger is the vibromechanical multiplier comprised of the compliance volume within the multiplier's cylinder (orange) that is terminated by an ordinary loudspeaker cone (purple). Directly below the speaker cone is the power piston cone (light green) that is attached to the bellows (gray). The moving-magnet linear motor, which moves the power piston cone, is shown as a gray rectangle with yellow straps. It is attached to the bottom plate (black) that forms the lower boundary of the pressure vessel. The cylindrical portion of the pressure vessel is shown in green.
History
In 1999, Ben and Jerry’s Homemade Ice Cream began a company wide audit of their refrigeration machinery and realized that they could make a difference in the emission of global warming gasses by finding an alternative to the HFC based refrigerants found in virtually all small refrigeration units. In collaboration with Greenpeace, IEER and other organizations that have interest in environmental protection, they were made aware thermoacoustic technology. In late spring of 2002, they began to fund our team at PSU to develop a prototype that could meet the stringent cost, capacity and reliability targets required for in-store ice cream storage cabinets. By February 2003 we had a working prototype and in April of 2004 the prototype was interfaced to a standard ice cream storage cabinet that had the compressor and condenser removed. For more information about this project, check out the Ben and Jerry’s website which has a great 10 minute piece about the B&J/PSU collaboration.
[image: prototypephoto]This photographs shows the stainless steel resonator of the thermoacoustic machine (with Matt uselessly “fiddling with it” for the photographer) as it is removing heat from the off-the-shelf (200 liter storage volume) ice cream cabinet in the foreground. You can see cold pints of Ben and Jerry’s ice cream under the clear sliding lids of the cabinet. The only modification made to the cabinet was to remove the compressor and condenser coils. The evaporator tubing now carries a single phase liquid that is circulated through a [image: groupsmallphoto]heat exchanger in the thermoacoustic machine where heat is removed from it.
This photograph shows the whole team gathered in front of the cabinet ready to enjoy some thermoacoustically cooled Ben and Jerry’s ice cream. From right to left, the team is Robert Smith, Steven Garrett and Matt Poese.
 
  From: http://www.acs.psu.edu/thermoacoustics/refrigeration/benandjerrys.htm


Ice Core Chemistry Project
Procedure:
1. 	Obtain a tennis ball can (or other long, clear, container).
2. 	You are to freeze a series of layers. There needs to be a minimum of 12 layers.
3. 	Develop a scale that represents you core’s capture of time. (For example, 1 cm = 1 decade, 1 cm = 1 century, etc; be sure to mark it on the bottle.)
4. 	Utilize this time scale to create one layer at a time representing something that happened in the time period.  As you create this layer write down the significance of the substance you used. (For example, rocks in the water could signify the “rock and roll” era).
5. 	Each layer will need to be frozen before another layer can be added.
6. 	Layers may consist of any material that is edible.  Safety note: no potentially hazardous household chemicals may be used!)
7. 	Your project is due on _____________________. On that day you are to insulate your core by wrapping a towel around it. Find your teacher first thing in the morning and you’ll place your project into a cooler.

Questions: 
1. Calculate the molecular mass of water containing:
A. 16O and 1H
B. 18O and 1H
C. 16O, 2H and 1H.
Which of these isotopes will be most prevalent in the ice? Put them in order from most to least frequent.
2. What will happen to the proportion of heavy water in the ice as the temperature rises?
3. Explain why measurements of carbon dioxide concentration in ice bubbles are unique in paleoclimatology.
4. What is noticable about the peaks in temperature and carbon dioxide concentration?
5. Why is it difficult to say for certain whether temperature or carbon dioxide rose first?

Summary:
6. Explain why studying ice cores is important in understanding climate change.
7. What has the ice core data shown for certain about climate change?



image3.emf

image4.emf

image5.jpeg
unpaired
electrons




image6.jpeg
no unpaired
electrons




image7.jpeg
Black Arrows = Dipoles
Blue Arrow = Generated Dipole Moment

1

Ne?

Black Arrows = Dipoles
Dipoles Cancel Each Other Out
Dipole Moment = Zero

e—®—»o

-




image8.jpeg




image9.jpeg




image10.jpeg




image1.emf










image2.jpg
beyondbenign

green"chemistry education

%




